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Background: Urinary tract infection (UTI) is one of the most frequent reasons for antimicrobial therapy. 
In typical clinical setting, 18–48 h is needed to identify pathogens by urine culture. A rapid method for 
pathogenic UTI diagnosis by matrix-assisted laser desorption ionization time-of-flight mass spectrometry 
(MALDI-TOF MS) has been developed in recent years.
Methods: This meta-analysis systematically evaluated the accuracy of MALDI-TOF MS for direct 
identification of bacteria from culture-positive urine samples. We queried the electronic database of Medline 
and Web of Science to obtain relevant articles.
Results: Nineteen articles involving 4,579 isolates were included after final selection in the meta-
analysis. The random-effects pooled identification accuracy of MALDI-TOF MS was 0.82 with 95% 
confidence interval of 0.79 to 0.86 at the species level. For Gram-negative isolates, the correct identification 
performance of the species ranged from 0.54 to 0.98, with a cumulative rate of 0.87 (95% CI: 0.83 to 0.91). 
For Gram-positive isolates, the correct identification rate ranged from 0.32 to 0.80, with a cumulative rate of 
0.59 (95% CI: 0.49 to 0.68).
Conclusions: MALDI-TOF MS provides a reliable direct identification of bacteria, particularly in cases 
of Gram-negative isolates, from clinical urine specimens. Nevertheless, the identification accuracy of this 
method is moderate for Gram-positive bacteria.
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Introduction

Urinary tract infection (UTI) is one of the leading causes 
of morbidity and mortality in primary care and hospital 
settings and is associated with hospital-acquired and 
catheter-associated infection (1). About 150 million people 

suffer from this disease, and total economic burden of 

treatment exceeds $6 billion worldwide per year (2). In 

recent years, molecular microbiology technologies, such 

as Biosensors, 16S RNA gene sequencing, and different 

PCR-based techniques, have been widely adopted by 
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clinical laboratories to accelerate, simplify, and perform 
precise detection of specific pathogens involved in UTI. 
However, these methods are impractical for routine use due 
to their associated complicated procedures and high cost. 
Conventional phenotypic and biochemical methods, such 
as urine culture, are important components of clinical and 
public health laboratories. Urine culture is still regarded 
as the gold standard for diagnosis for UTI. This method 
cannot be replaced by any advanced methods in identifying 
specific urinary tract pathogens. Nevertheless, the main 
disadvantage of conventional methods is its long turnaround 
time (TAT). This approach takes nearly 18–36 h for 
final identification of positive samples, and antimicrobial 
susceptibility testing consumes an additional 18–24 h in 
conventional laboratory UTI diagnostics. Antibacterial 
resistance has significantly increased worldwide due to 
the inappropriate empirical antibiotic therapy of UTI (3). 
Therefore, a novel diagnostic methodology that could 
provide rapid and accurate information within few hours 
is needed for timely identification of pathogens in clinical 
settings.

Matrix-assisted laser desorption ionization time-of-flight 
mass spectrometry (MALDI-TOF MS) has been recognized 
as a new standard for bacterial identification in clinical 
microbiology laboratories. MALDI-TOF MS is a powerful 
and high-throughput microbial identification technology 
that is efficient, rapid, relatively cheap, and easy to use. 
Compared with conventional methods, MALDI-TOF MS 
can reduce workload in clinical microbial identification and 
significantly shorten TAT before delivering the reports to 
clinicians. Studies have successfully reported that MALDI-
TOF MS can identify bacteria directly from culture-positive 
urine samples. Nevertheless, the results vary because several 
limitations should be considered in rapid MALDI-TOF MS-
based identification of clinical specimens. First, a sufficient 
concentration of bacterial cells is required to obtain a valid 
protein spectrum, which is critical to urine specimens (4). 
Second, the presence of human cells, such as leucocytes, 
erythrocytes, and other organic components, complicates 
the separation of microorganisms from human cells and 
therefore pre-treatment is required before analysis (5). The 
rate of negative samples can reach 60–70% of the total urine 
samples received (6,7). A practical method is needed to 
detect negative urine samples.

Scholars have reported a successful urine processing 
and preparation protocol for bacterial isolation and 
identification. The protocol mainly involves selection, 
washing, and centrifugation to obtain a pellet of bacteria for 

further identification (8-10). Each received urine sample is 
analyzed with a flow cytometry system or other instruments 
to screen bacterial counts. All samples with a cut-off are 
selected and further processed by MALDI-TOF MS for 
pathogen detection (8). The selected samples are vortexed 
and centrifuged to remove impurities, such as cellular debris 
or mucus. The resulting supernatant is then centrifuged 
to collect bacteria pellets (9). The pellets are resuspended 
and washed by centrifugation again. Finally, bacterial 
purification is accomplished (10).

This systematic review aims to evaluate the accuracy 
of  MALDI-TOF MS for  d irect  ident i f icat ion of 
monomicrobial urine specimens by searching related 
publications in literature. We analyzed variables that may 
influence the accuracy of bacterial identification at the 
species level.

We present this systematic literature review by referring 
to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines (11) (available at 
http://dx.doi.org/10.21037/atm-20-7310).

Methods

Search strategy

We systematically queried the electronic database of 
Medline and Web of Science (before 1 May 2020) with 
the string “(MALDI-TOF [MeSH Terms] AND urine 
specimens/samples [MeSH Terms] OR urinary tract 
infections [MeSH Terms]) AND (identification [Title/
Abstract] AND accuracy [Title/Abstract])” to identify 
relevant articles that assessed the accuracy of MALDI-TOF 
MS for direct identification of bacteria from clinical urine 
specimens. Publication status, geographical distribution, 
and language restrictions were not applied. Duplicate 
articles identified in Medline and Web of Science were 
manually deleted using Reference Manager (Thomson 
Reuters EndNote X9).

Study selection criteria

Eligible studies considered for systematic review were 
those that quantitatively evaluated the accuracy of MALDI-
TOF MS (Bruker Daltonics, Bremen, Germany) for 
direct bacterial identification of clinical urine cultures in 
comparison with routine bacterial identification methods 
(phenotypic, microbiological, molecular diagnosis). Data 
or studies were excluded if they fell into the following 

http://dx.doi.org/10.21037/atm-20-7310


Annals of Translational Medicine, Vol 9, No 8 April 2021 Page 3 of 12

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(8):647 | http://dx.doi.org/10.21037/atm-20-7310

categories: studies without a comparator method or 
identification standard; studies that did not investigate urine 
cultures; studies on technological innovations; studies with 
no abstract; non-original articles; non-human studies; and 
case-series studies, editorials, letters, or reviews.

Data extraction

Literature search and data extraction were arbitrated by 
two investigators (BS and WW), and the full paper of each 
potentially eligible study was obtained. Discrepancies were 
discussed, and the opinion of a third investigator (BG) 
was sought when necessary to achieve consensus. The 
following data were extracted: study characteristics (design, 
the first author, year of publication, country), source of 
strain (inpatients or outpatients), samples (type, number), 
intervention (previous processing, Bruker database version, 
procedures), and outcomes (correct identification rate, 
category of pathogens).

Quality assessment

The qual i ty  of  the or iginal  s tudies  was  assessed 
independently by two investigators (BS and WW) by using 
the Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS) guidelines (12): study design, self-established 
database, category of pathogens, reference methods, and 
blinded status.

Statistical analysis

Major effect size index was considered the correct 
identification ratio. Identification ratio was calculated 
as the number of isolates after correct identification by 
MALDI-TOF MS divided by the total number of isolates 
obtained with the reference method used in each reference. 
All analyses were performed with Stata Statistical/Data 
Analysis Software Package (version 11.0; Stata Corp LP, 
College Station USA). The correct identification ratio 
was calculated using the Freeman-Tukey transformation 
of inverse hyperbolic sine function (13). Heterogeneity 
between studies was evaluated quantitatively with the basis 
of I2, which is the heterogeneity measure of Cochran’s Q 
test. Statistical significance was defined as a P value of <0.1 
and an I2 value of <50% for the qualitative Cochran’s Q and 
quantitative I2 measures. I2 values of 0%, 25%, 50%, and 
75% indicate no, low, moderate, and high heterogeneity, 
respectively. Egger’s regression method was applied to 

check whether publication bias might have influenced the 
validity of the results. Subgroup analyses were performed 
in the random-effect model when high heterogeneity was 
presented. Heterogeneity and pooled correct identification 
ratios by subgroup analyses at the species level were 
determined according to source of strains, category of 
strains, urine flow cytometry system, and different agar 
plates for culture.

Results

Eligible studies

A total of 451 articles were obtained by searching the Web 
of Science and PubMed databases with the defined retrieval 
criteria. After duplicate removal using Thomson Reuters 
EndNote X9 and title/abstract review, 46 articles were 
retained for full-text scanning. A total of 265 references 
were excluded because they were totally not relevant to 
the study. In addition, 33 reviews, 11 case reports, and 
10 conference abstracts were excluded. After the papers 
were screened, 1 study was excluded because organisms 
were not isolated from humans; 5 were excluded due to 
unrelated system used; 12 were rejected because of lack of 
detailed description of isolates; 2 were excluded due to their 
relevance to drug resistance; 7 were excluded due to other 
strategies employed for bacterial identification. As a result, 
19 articles were included in the meta-analysis (Figure 1).

Quality of studies

The major characteristics of the enrolled eligible articles are 
listed in Table 1. Among the 19 articles, 12 were carried out 
in Europe (11 in Spain and 1 in France), 3 were performed 
in the USA, and 4 were conducted in Asia. All the studies 
reported on the identification performance of the Bruker’s 
BioTyper system allowing for greater standardization 
in evaluation (4-5,8-10,14-27). Among the 19 enrolled 
articles, 5 (26.31%) were prospective and 14 (73.69%) were 
retrospective. Only one article (23) stated that a blinded 
method was used, while the other studies did not specify the 
use of a blinded method in their investigation. Furthermore, 
one study (10) created a specific reference database by 
establishing the reference MALDI-TOF spectra of 
infected urine samples, while other studies used databases 
from instrument suppliers. Two articles reported on the 
algorithms for microbiological diagnosis of UTIs through 
screening by luminometry and Gram-staining, followed 
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Pubmed (n=144) 
Web of science (n=307)

Relevant studies (n=365)

Appropriated studies (n=46)

Included studies (n=19)

Title/ abstract screen

Reference Manager

Full text screen 

Totally not relevant (n=265) 
Review (n=33) 

Case Report (n=11) 
Conference abstract (n=10)

Non-human sludies (n=1) 
Other MS systems (n=5) 

Unable to extract data (n=12) 
Focused on drug resistance (n=2) 

Other strategies for identification (n=7)

Duplicate (n=86)

Figure 1 Flowchart of systematic literature search in this meta-analysis.

Table 1 Main characteristics of the 19 articles included in this meta-analysis

Author Year Patients Country Samples Database QS

Hassan (8) 2019 NA USA 35 NA 6

Li (9) 2019 Inpatient and outpatient China 265 3.0 7

Pinault (10) 2019 NA France 500 NA 9

Guzmán-Puche (14) 2019 Inpatient and outpatient Spain 155 2.0 8

Zboromyrska (15) 2018 NA Spain 902 NA 7

Kitagawa (16) 2018 Inpatient Japan 133 NA 7

Choi (17) 2018 NA Korea 82 3.0 8

Montgomery (18) 2017 Inpatient USA 57 NA 7

Oviaño (19) 2017 NA Spain 553 3.0 6

Zboromyrska (20) 2016 Inpatient Spain 101 3.0 7

Íñigo (21) 2016 Inpatient and outpatient Spain 382 3.0 7

March Rosselló (5) 2015 NA Spain 141 3.0 7

March Rosselló (22) 2014 NA Spain 80 3.0 7

Demarco (23) 2014 NA USA 15 3.0 8

Burillo (24) 2014 Inpatient Spain 239 NA 7

Sánchez-Juanes (25) 2014 NA Spain 71 NA 7

Wang (26) 2013 Inpatient and outpatient China 430 NA 7

Ferreira (27) 2011 Inpatient and outpatient Spain 218 2.0 6

Ferreira (4) 2010 Inpatient and outpatient Spain 220 2.0 7

NA, not available; QS, quality score.
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by identification using MALDI-TOF MS (14,24). One 
study developed a special method for pretreatment of urine 
samples with SDS to increase the method sensitivity (25). 
One study evaluated Bruker MS with urine preparation by 
NaOH-HCl neutralization allowing for rapid and cost-
effective bacterial identification (17). One study developed 
diafiltration MALDI-TOF MS method to detect and 
identify pathogens directly from urine specimens (23). 
Briefly, all references used clinical isolates, and the total 
number of included samples was 4,579.

Overall meta-analysis

The forest plots of the random-effects model were used in 
meta-analysis to conclude the overall statistics at the species 
level. The overall correct identification ratio of MALDI-
TOF MS for clinical pathogens in various studies ranged 
from 0.46 to 0.94. Significant heterogeneity was found at 
the species level (I2 =91.2%; P<0.0001). The random-effects 
pooled identification accuracy of MALDI-TOF MS was 

0.82 with 95% CI of 0.79 to 0.86 (Figure 2).
The overall results for Gram-negative bacteria were 

reported in 15 references that included 3,150 samples. The 
forest plots of the random-effects model were used, and the 
correct identification ratio in individual studies ranged from 
0.54 to 0.98. High heterogeneity was found at the species 
level (I2 =93.1%; P<0.0001). The estimated pooled correct 
identification rate was determined as 0.87 (95% CI: 0.83 to 
0.91) by using the random-effects model. Fourteen studies 
that included 537 samples reported results for Gram-positive 
bacteria. The correct identification ratio for these pathogens 
ranged from 0.32 to 0.80 at the species level. Moderate 
heterogeneity was found in the meta-analysis (I2 =79.3%; 
P<0.0001), and the pooled correct identification ratio 
estimated using the random-effects model was 0.59 (95%  
CI: 0.49 to 0.68) (Figure 3).

Meta-analysis of different pathogen species

The results for the correct identification of different 

Figure 2 Forest plot for the meta-analysis of the gross correct identification ratio at the species level. CI, confidence interval.
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Figure 3 Forest plot for the meta-analysis of the correct identification ratio of Gram-negative bacteria at the species level (A) and Gram-
positive bacteria at the species level (B). CI, confidence interval.

A

B
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pathogens are presented in Table 2. Gram-negative 
bacteria with the highest correct identification rates were 
of Morganella morganii, Enterobacter aerogenes, Serratia 
marcescens, Acinetobacter baumannii, and Citrobacter freundii. 
No heterogeneity was found in these species (I2 =0.0%, 
P>0.50). Escherichia coli and Klebsiella pneumoniae, which 
are the most important and common pathogens in UTIs, 
showed high identification proportions at 0.90 with 95% 

CI of 0.86 to 0.94 and 0.99 with a 95% CI of 0.98 to 1.00, 
respectively. The correct identification rates for other 
Gram-negative pathogens were 0.73 for Proteus mirabilis 
(95% CI: 0.49–0.98) and 0.96 for Pseudomonas aeruginosa 
(95% CI: 0.92–1.00) (Table 2).

For Gram-positive bacteria, Enterococcus faecalis and 
Enterococcus faecium were the most commonly isolated 
microorganisms with moderate identification proportions 

Table 2 Identification accuracy rate of included pathogens

Pathogens Studies (n) Strain (n)
Random-effects Heterogeneity

Proportion 95% CI P I2

Gram-negative 15 3,150 0.87 0.83–0.91 <0.0001 93.1%

Escherichia coil 15 2,449 0.90 0.86–0.94 <0.0001 95.2%

Klebsiella pneumoniae 12 350 0.99 0.98–1.00 0.007 57.3%

Proteus mirabilis 10 128 0.73 0.49–0.98 <0.0001 99.5%

Pseudomonas aeruginosa 11 78 0.96 0.92–1.00 <0.0001 70.5%

Enterobacter cloacae 10 53 0.81 0.66–0.97 <0.0001 99.5%

Klebsiella oxytoca 11 45 0.76 0.57–0.96 <0.0001 99.7%

Morganella morganii 9 27 1.00 0.98–1.01 0.829 0.0%

Citrobacter koseri 7 26 0.71 0.48–0.95 <0.0001 99.8%

Enterobacter aerogenes 5 22 1.00 0.98–1.02 0.559 0.0%

Serratia marcescens 5 13 1.00 0.99–1.01 1.000 0.0%

Acinetobacter baumannii 4 12 1.00 0.98–1.02 0.765 0.0%

Citrobacter freundii 6 11 1.00 0.98–1.01 0.850 0.0%

Providencia stuartii 4 5 0.50 0.00–1.07 <0.0001 99.9%

Gram-positive 14 537 0.59 0.49–0.68 <0.0001 79.3%

Total enterococcus 13 255 0.77 0.69–0.85 <0.0001 90.7%

E. faecalis 11 199 0.69 0.55–0.82 <0.0001 87.9%

E. faecium 7 106 0.66 0.22–1.09 <0.0001 99.4%

Total streptococcus 12 52 0.82 0.74–0.90 <0.0001 89.8%

S. agalactiae 9 31 0.57 0.21–0.93 <0.0001 99.8%

Total staphylococcus 13 190 0.56 0.33–0.79 <0.0001 99.4%

S. aureus 9 41 0.94 0.88–1.00 <0.0001 84.0%

S. epidermidis 6 24 0.64 0.19–1.09 <0.0001 99.9%

S. saprophyticus 3 19 0.77 0.41–1.12 <0.0001 88.5%

Yeast 5 37 0.00 0.00–0.02 0.160 39.2%

Candida albicans 5 24 0.00 0.00–0.01 0.857 0.0%

Candida tropicalis 3 3 0.00 0.00–0.03 1.000 0.0%
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at 0.69 (95% CI: 0.55 to 0.82) and 0.66 (95% CI: 0.22–
1.09), respectively. The rates of correct identification 
of Staphylococcus aureus, Staphylococcus epidermidis, and 
Staphylococcus saprophyticus ranged from 0.64 to 0.94. The 
lowest direct bacterial identification proportion was that 
of Streptococcus agalactiae at 0.57 (95% CI: 0.21–0.93). 
Significant heterogeneity for each species of Gram-positive 
bacteria was found in the meta-analysis, with I2 values above 
80% (P<0.0001).

In this meta-analysis, MALDI-TOF MS-based method 
showed poor performance in identification of yeasts. The 
estimated pooled correct identification ratio was 0.00.

Subgroup meta-analyses

Subgroup analyses for heterogeneity and correct 
identification rates were performed according to source 
of strains (inpatients only or inpatients plus outpatients), 
category of strains (Gram-negative bacteria, Gram-positive 
bacteria, and yeast), automated urine flow cytometry system 
(BacterioScan 216Dx, Sysmex UF-500i or Sysmex UF-
1000i), and agar plates for culture (blood agar plate or 
cysteine lactose electrolyte deficient agar plate) (Table 3). 

The correct identification performance of the sub-analyses 
on Gram-negative isolates slightly exceeded the overall 
ratio (87% vs. 82%). Meanwhile, the rate of Gram-positive 
isolates was inferior to the overall ratio (59% vs. 82%). The 
correct identification performance for yeast at the species 
level was 0%. No significant difference was observed among 
different urine flow cytometry systems. The rates of the 
sub-analyses on isolates from inpatients only on blood agar 
plates were similar to their comparative group. Notably, 
the heterogeneity was not obviously decreased, except for 
BacterioScan 216Dx group and Sysmex UF-500i group in 
the subgroup meta-analyses.

Assessment of publication bias

The quality of all studies included was moderate. Minimal 
publication bias was detected by Egger’s linear regression 
test of funnel plot asymmetry (t=−1.54 and P=0.143 for 
Egger’s) at the species level (Figure 4).

Discussion

MALDI-TOF MS, which is based on the identification of 

Table 3 The heterogeneity and pooled correct identification ratios by subgroup analyses

Subgroup Studies (n) Strain (n)
Random-effects Heterogeneity

Proportion 95% CI P I2

Source of strains

Inpatients only 4 530 0.76 0.67–0.85 <0.0001 83.5%

Inpatients plus outpatients 6 1,670 0.89 0.85–0.93 <0.0001 86.0%

Category of strains

Gram-negative 15 3,150 0.87 0.83–0.91 <0.0001 93.1%

Gram-positive 14 537 0.59 0.49–0.68 <0.0001 79.3%

Yeast 5 37 0.00 0.00–0.02 0.160 39.2%

Flow cytometry system

BacterioScan 216Dx 2 92 0.73 0.64–0.82 0.455 0.0%

Sysmex UF-500i 2 601 0.87 0.84–0.90 0.670 0.0%

Sysmex UF-1000i 9 3,132 0.87 0.83–0.91 <0.0001 90.7%

Agar plates

Blood 12 2,585 0.83 0.79–0.87 <0.0001 89.8%

CLED 4 628 0.82 0.71–0.92 <0.0001 92.3%

CLED, cysteine lactose electrolyte deficient agar.
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characteristic protein profiles for each microorganism, has 
made considerable achievements. As a newly developed 
technology in clinical microbiology laboratories, MALDI-
TOF MS has been proven as a very rapid, accurate, 
and economical technique for bacterial identification 
compared with conventional methods. MALDI-TOF 
MS has undoubtedly changed the manner through which 
infectious diseases are diagnosed in clinical settings (28). 
The first application of MALDI-TOF MS dated back to 
1975, but it was not entirely successful because bacteria 
were not identified at the species level (29). In the 1980s, 
with the advent of soft ionization techniques, bacterial 
identification using MALDI-TOF MS became possible. At 
present, MALDI-TOF MS is applied to new fields, such 
as biomolecular changes and protein profiling. The use 
of MALDI-TOF MS-based methods for direct bacteria 
identification from clinical specimens, such as urine 
and blood samples, has been developed. Conventional 
phenotypic  and biochemical  methods,  molecular 
microbiological techniques, and MALDI-TOF MS are all 
important components of clinical laboratories. The unique 
advantage of MALDI-TOF MS over traditional approaches 
is the significant reduction in TAT. MALDI-TOF MS has 
significant impact on cost savings and public health when 
compared with molecular microbiological techniques that 
employ complicated procedures and have high cost.

The effectiveness of MALDI-TOF MS-based methods for 
direct identification of pathogens in clinical specimens, such 
as blood and sterile body fluids, has been reported (30,31). 
Previous studies indicated that urine is an optimal specimen 
for direct MALDI-TOF MS-based identification (4). The 
present systematic review and meta-analysis synthesized the 

available studies to evaluate the validity of MALDI-TOF 
MS for direct identification of bacteria from positive urine 
specimens. According to the selection criteria, 19 articles were 
included in the meta-analysis. We mainly focused on positive 
samples that had significant growth of microorganism by urine 
culture. The pooled results demonstrated that MALDI-TOF 
MS is a rapid and reliable method for direct identification 
of UTI pathogens from urine samples, especially in cases 
of Gram-negative bacterial infections. The overall correct 
identification ratio for clinical pathogens in various studies 
was 0.82 (95% CI: 0.79 to 0.86) at the species level.

MALDI-TOF MS showed highly accurate identification 
of Gram-negative bacteria at the species level and moderate 
accuracy for identification of Gram-positive bacteria, with 
0.87 (95% CI: 0.83 to 0.91) versus 0.59 (95% CI: 0.49 to 
0.68) bacteria identified reliably, respectively. The method 
exhibited superior correct identification ratio for Gram-
negative pathogens than for Gram-positive pathogens. 
Several Gram-positive pathogens are difficult to identify 
possibly because of their thicker and highly anionic cell wall 
structure, which acts as permeability barrier, resulting in 
decreased protein extraction (32). This phenomenon might 
be explained by the unsuccessful removal of urine cells 
during sample processing (9).

Escherichia coli (2,449/4,579, 53.48%) was the most 
common pathogen in the 19 articles included in the meta-
analysis, showing a high identification proportion at 0.90 
with a 95% CI of 0.86 to 0.94. The results demonstrated 
that MALDI-TOF MS had strong capability for direct 
pathogen identification from the vast majority of urine 
samples of patients with UTI. Incorporating this technology 
in clinical laboratories could satisfy the demand of rapid 
diagnosis for specific patients, such as pediatric newborns or 
kidney transplant patients. The identification performances 
of MALDI-TOF MS for several pathogen species varied. 
For several relatively unusual isolates, the identification 
proportion ranged from 0.50 to 1.00. This observation may 
be due to the inherent difficulty of obtaining satisfactory 
spectra from unusual isolates and the insufficient number 
of spectra in commercial reference databases (33). Sub-
analysis was performed according to categories of strains, 
sources of strains, flow cytometry systems, and agar plates. 
No significant difference was observed among different 
urine flow cytometry systems, different sources of strains, 
and different agar plates for culture. These results indicated 
that the accuracy of MALDI-TOF MS for direct bacterial 
identification from culture-positive urine specimens is not 
affected by the type of urine flow cytometry used for sample 
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screening, the strains from inpatients or outpatients, and the 
selection of agar plates. However, the method showed poor 
performance in identification of yeasts. In general, clinical 
pathogenic yeasts are not easy to identify by MALDI-TOF 
MS in positive blood cultures as well as in positive urine 
cultures (34). In this article, only 5 studies (9,14,17,21,24) 
that included 37 samples presented the results of yeasts, 
and the pooled correct identification ratio was 0.00 with 
95% CI of 0.00 to 0.02. On the one hand, the protein 
extraction protocols for yeasts are not standardized. On the 
other hand, compared with bacteria, yeasts exhibit radically 
different phenotypes and protein spectra depending on 
their growth conditions or the zone of the mycelium (35). 
Therefore, rapid identification of yeasts directly from urine 
samples remains a challenge for efficient diagnosis of UTI.

Previous studies reported that the main pathogens of 
UTI are Gram-negative bacilli, and the dominant pathogens 
are Escherichia coli and Klebsiella pneumoniae (27). These 
common isolates are easier to identify than complicated UTI 
pathogens. Nevertheless, a number of solutions have been 
proposed in literature. One study proposed an algorithm 
based on performing Gram staining followed by MALDI-
TOF MS. The serial diagnostic algorithm improved the 
identification accuracy of UTI pathogens, especially when 
the causative microorganisms have resistance mechanisms 
(i .e. ,  betalactamase-producing Enterobacteriaceae 
and yeasts). Urinary antibacterial activities have been 
increasingly reported. The presence of urinary antibacterial 
activities can affect the identification of bacteria in urine. 
Sánchez-Juanes et al. (25) improved the direct identification 
of bacteria in urine sample by pretreatment with SDS, a 
compound that might release microorganisms and increase 
the method sensitivity. Application of a protein extraction 
procedure to bacterial pellets has been reported to improve 
direct identification by MALDI-TOF MS. A microliter of 
70% formic acid was added directly to the MALDI-TOF 
target sample to improve the spectral quality during bacterial 
identification.

In this meta-analysis, we excluded unpublished papers 
and gray literature to avoid possible bias in the application 
of selection criteria. We attempted to avoid this bias 
as much as possible by performing searches without 
publication status, geographical distribution, and language 
restrictions. Subgroup analyses of heterogeneity and correct 
identification rates were also performed according to source 
of strains, category of strains, and methods of identifying 
causative microorganisms.

In conclusion, this meta-analysis demonstrated that 

MALDI-TOF MS provides a reliable etiology basis for 
diagnosis of UTI, especially in cases of Gram-negative 
bacterial infections. In the future, the methodology should 
be optimized for identification of Gram-positive bacteria or 
yeasts that cause UTI.
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