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Abstract

Background: Matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) has been
rapidly developed and widely used as an analytical technique in clinical laboratories with high accdracy in
microorganism identification.

Objective: To validate the efficacy of MALDI-TOF MS in identification of clinical pathogenic anaerobes.

Methods: Twenty-eight studies covering 6685 strains of anaerobic bacteria were included in this meta-analysis.
Fixed-effects models based on tRealue and the I-squared were used for meta-analysis to consider the pogsibility
of heterogeneity between studies. Statistical analyses were performed by using STATA 12.0.

Results:The identification accuracy of MALDI-TOF MS was 84% for spec@Ssq%P< 0.1), and 92% for genus
(P=96.6%pP<0.1). Thereinto, the identification accuracyatteroidewas the highest at 96% with a 95% ClI|of
95-97%, followed by .actobacilluspp.,Parabacteroidespp.,Clostridiunspp.,Propionibacteriuspp.,Prevotellapp.,
Veillonellaspp. andPeptostreptococcgpp., and their correct identification rates were all above 90%, whilg the

accuracy of rare anaerobic bacteria was relatively low. Meanwhile, the overall capabilities of two MALQI-TOF MS
systems were different. The identification accuracy rate was 90% for VITEK MS vs. 86% for MALDI biotypgr system.

Conclusions:Our research showed that MALDI-TOF-MS was satisfactory in genus identification of clinical pathogenic
anaerobic bacteria. However, this method still suffers from different drawbacks in precise identification of rare|anaerobe
and species levels of common anaerobic bacteria.
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Background pivotal to prompt antimicrobial treatments. Conventional
Anaerobic bacteria exist as part of the normal flora in anaerobe identification methods are cumbersome, time-
the human intestinal tract, oral cavity and urogenital consuming, and costly. It requires a long-term cultivation
tract [1], and can cause infectious diseases as a result ¢hot less than 24 h) to obtain enough inocula. In addition,
impairment to the microenvironment and/or immune the identification work is complex, including colony traits,
system. Anaerobic infection can also be induced bycolony morphology, and staining results. Meanwhile, it is
deep wounds accompanied with facultative anaerobedlifficult to identify rare or newly identified species by
and aerobic bacteria invasion. Invasive anaerobic infecusing conventional phenotyping methods and commercial
tions are life threatening, and the mortality rate of kits [3]. Real-time, fast, high-throughput, high-sensitivity,
anaerobic bacteremia is high as 4092].[ Thus, the high-selectivity, and low cost have been the goals pursued
accurate and fast identification of anaerobic bacteria isby analysts in modern analytical science.

The modern mass spectrometry technology enhances
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ionization-time of flight mass spectrometry (MALDI-  The identification criteria of MALDI-TOF MS in the
TOF MS) has been widely used in clinical microbial included studies were as follows: a score 02.0 was
diagnosis in the past decade. It is gradually replacingconsidered an accurate species-level identificationl.7
the traditional identification methods ¢, 7]. MALDI-  but <2.0, a probable genus-level identification; an isolate
TOF MS is a rapid mass spectrometry technologywith a score <1.7 was considered asnidentified’; and
developed in the late 1980s with relatively high sensi-an isolate identified as another species or genus was
tivity to various samples types. It is a useful, fast andconsidered to bé&'misidentificatior’.

accurate tool for routine laboratory analysis and has

been used to identify mycobacteria8] 9], nocardia Quality assessment

[10], yeasts 11, 12] and anaerobes 13, 14] isolated What is important in meta-analysis is whether hetero-
from solid media of clinical specimens. At present, geneity exists in the included studies and the possible
there are few studies to evaluate the efficacy of identeasons for the existence of heterogeneity, because het-
tifying anaerobic bacteria by MALDI-TOF MS. The erogeneity may lead to deviations in meta-analysis re-
aim of the present meta-analysis is to determine thesults - known as“mixed apples and orang&q16]. The
reliability and effectiveness of mass spectrometry as @ources of heterogeneity can be divided into, different
routine diagnostic method for anaerobic bacteria by research designs, different experimental conditions, dif-
searching related publications in the literature. ferent definitions of exposure and/or outcomes, different
measurement methods, and the existence of other inter-
ference factors, i.e. covariates. In addition, low-quality
literature will bring significant heterogeneity 1[7]. The
following modified criteria, referring to the quality as-
%essment for studies of diagnostic accuracy (QUADAS)
[18], were used to assess the quality of original studies:
study design, category and geographical distribution of
strains, blinded status, reference methods, threshold,
strain source, and system database.

Methods

Search strategy

The scientific literature was extensively searched usin
the MeSH terms“maldi-ms’ and “anaerobic bacteria
to query the electronic database of Medline and Web
of science (up to 1 April 2018). Selected articles con-
tained studies involving the identification of anaerobes
by MALDI-TOF MS. The references cited in these ar-
ticles were examined to determine other articles. The
meta-analysis was performed by referring to (when
appropriate) the PRISMA guidelineslp]. EndNote X8
(Thomson Reuters) was used for literature manage-
ment. We read the titles and abstracts of each
searched publication and selected only those relevan
articles for full-text reading. There are no restrictions
on the language, publication status and geographica
distribution of publications.

Assessment of publication bias and influence analysis
According to statistics, the studies of positive results are
more likely to publish than those of negative results, but
it could not really represent the overall study population.
{n fact, the samples may be less representative. This re-
sult is called“publication bia$ in statistics fL7]. Funnel
iagrams are commonly used graphical tests to assess
publication bias in meta-analysislp]. Egger s linear re-
gression test of funnel plot asymmetry at the genus level
and Beg@ rank correlation (with continuity correction)
Inclusion and exclusion criteria showed that little publication bias was detected in this
We set up the criteria for the inclusion and exclusion of review (t=51.54 andP=0.123 for Eggérs Test; z=S
the literature. The inclusion criteria were as follows: (1) 0.35 andP=0.727 for Begg Test).
the study objective: the clinical specimens were identi-
fied as anaerobic bacteria by reference methods (16Results
rRNA gene sequencing); (2) the study method: the iden-Results of the systematic literature search
tification of anaerobes by MALDI-TOF MS; (3) the re- A total of 234 articles were retrieved from the elec-
search objective: the accuracy of MALDI-TOF MS tronic database. Additional four articles were identified
identification of anaerobes. The exclusion criteria in- through manual search, bibdigraphic search, and com-
cluded the following aspects: review articles, reviewsmentator suggestions. Finally, 28 studies were included
case reports, scientific abstracts and lectures; commoraccording to the defined inclusion and exclusion cri-
anaerobes with fewer than 10 strains of anaerobes anteria (Fig.1). Countries and study periods included in
less than 5 uncommon anaerobes; direct identification ofall articles were shown in Tablel. The geographical
bacteria in the positive blood culture bottle; The target distributions of the literature were Asia (5, 17.86%),
bacteria could not be extracted, and pathogenic microor-Australia (1, 3.57%), South America (1, 3.57%), North
ganisms or industrial environmental microbes of plants America (4, 14.29%) and Europe (17, 60.71%), contain-
or animals were identified. ing 24 cities in 14 countries.



