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a b s t r a c t

Haemophilus influenzae is a major pathogenic bacteria causing invasive disease, which is classified into
six capsular serotypes (a-f) and non-typeable (NT) strains. Capsular serotyping of H. influenzae is tradi-
tionally determined by serological methods and more recently by PCR methods. However, these methods
are time-consuming and expensive. In the present study, matrix-associated laser desorption ionization-
time of flight mass spectrometry (MALDI-TOF MS) was evaluated as an alternative method for capsular
serotyping of H. influenzae clinical strains. We created an in-house database of all six serotypes and NT
H. influenzae strains using the main spectrum creation standard method set to the default parameters in
MADI-TOF MS. We evaluated the performance of the in-house database using 79 clinical strains already
identified by PCR and 58 prospectively collected clinical strains. Measurements were performed using
the Bruker MALDI BioTyper system. The peak list was matched against the reference library using the
integrated pattern algorithm of the software. The best-matched spectrum was considered the serotyping
result. All 137 test strains were correctly identified as H. influenzae using MALDI-TOF MS. The sensitivity
and specificity for identification for type b, type e, and type f capsular serotypes and NT H. influenzae
using MALDI-TOF MS were 100%/94.3%, 94.7%/97.9%, 97.4%/97.9%, and 85.5%/99.2%, respectively. Our
findings indicate that MALDI-TOF MS is a useful alternative method for capsular serotyping of
H. influenzae strains. This method is faster and more cost-effective than traditional methods and will
therefore be useful for routine applications in clinical laboratories.

© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.

1. Introduction

Haemophilus influenzae is one of the major pathogenic Gram-
negative bacteria. H. influenzae is categorized into encapsulated
and non-capsulated (non-typeable, NT) strains. Encapsulated
H. influenzae are distinguished from NT strains by the presence of
one of six structurally and serologically distinct polysaccharide
capsules, referred to as serotypes a to f. H. influenzae type b

strains (Hib), which have high virulence compared with non-
serotype b and NT strains, mainly cause invasive infections such
as meningitis, sepsis, and epiglottitis in children. After the
introduction of a Hib vaccine into many countries, invasive Hib
diseases in children dramatically decreased [1e4]. The Hib con-
jugate vaccine also exerted herd immunity and affected the
nasopharyngeal colonization status in children by eradicating
Hib in their nasopharynx [5]. As a consequence, invasive in-
fections due to encapsulated non-type b and NT strains have
become relatively more frequent not only in children but also in
adults [6e10].

Therefore, the need for capsular serotyping of H. influenzae
strains has increased in clinical settings both for epidemiological
purposes and for estimating the impact of the Hib conjugate
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vaccine. Conventionally, serotype characterization of H. influenzae
strains has been performed by slide agglutination tests (SAT) using
anti-capsular serotype-specific sera. However, these tests have
been shown to be unreliable. PCR methods for serotyping of
H. influenzae have also been introduced, which display high sensi-
tivity and specificity compared with SAT [11e13]. However, PCR is a
relatively time-consuming and expensive method. A simpler, more
cost-effective method for capsular serotyping is therefore needed
in clinical laboratories. Matrix-associated laser desorption
ionization-time of flight mass spectrometry (MALDI-TOF MS) is a
relatively new technology that has recently been applied to the
identification of bacterial species including H. influenzae in clinical
microbiological laboratories. This technique has also been sug-
gested to be as a potentially useful tool for the capsular serotyping
of bacteria [14,15]. Here we report the capsular serotyping of
H. influenzae clinical strains using the MALDI-TOF MS system.

2. Materials and methods

2.1. Bacterial strains

A total of 137 strains of H. influenzaewere analyzed in this study.
Of these 137 strains, 79 were collected from various hospitals and
one nursery school between 2003 and 2016. The remaining 58
strains for the prospective evaluation study were collected after
September 2016. All test strains were collected in Japan (Supple-
mentary file 1). Several test strains were collected from children in
the same nursery school during the same season. However, not all
of the test strains collected during different seasons were from the
same children in the same nursery school or from the same
outbreak in one hospital. Strains obtained from the patients in
hospitals, including children and adults, were recovered from
clinical specimens taken during standard patient care procedures
and did not require ethical approval for their use. Strains from a
carriage study of children in nursery school were recovered from
clinical specimens as approved by the ethics committee of Chiba
University. The diseases affecting patients included both invasive
and non-invasive diseases. The majority of the strains were isolated
from respiratory tract infections and nasopharyngeal colonization.
The remaining strains were isolated from invasive H. influenzae
diseases. All strains were identified as H. influenzae by standard
laboratory methodology on the basis of colony morphology, Gram
staining, X- and V-factor requirements and negative porphyrin tests
andMALDI-TOFMS analysis using theMALDI BioTyper software. All
strains were cultured on chocolate agar plates (Nippon Becton
Dickinson Co., Ltd., Tokyo, Japan) at 37 �C and 5% CO2 for 18e24 h
before analysis.

2.2. Capsular serotyping of the strains

All strains included in this study were capsule typed by SAT and
PCR. All of the H.influenzae strains subcultured for 20e24 h were
subjected to SAT with the anti-sera specific for serotypes a to f
(Denka Seiken Co., Ltd., Tokyo, Japan). To determine the presence of
capsule using the PCR method, bacterial DNA was prepared by ac-
cording to a previously described method with some modifications
[11,12]. A pair of primers of approximately 20 bp in length were
used to detect the common capsule transport complex (bexA) gene
and six pairs of type-specific primers were used for the detection of
specific DNA sequences for serotypes a through f [11]. In a further
experiment, all of the NT strains, which gave negative results in the
first round of PCR, were subjected to PCRwith type-specific primers
for the detection of capsule-deficient mutants of encapsulated
strains [13].

2.3. Sample preparation for serotyping of H. influenzae using
MALDI-TOF MS

Bacterial colonies were grown overnight on chocolate agar and
were subjected to ethanol-formic acid extraction (EFAE) according
to theMALDI BioTyper protocol as described previously. ForMALDI-
TOF MS analysis, a quick extraction protocol was performed for all
strains as follows. After overnight growth, several bacterial colonies
were suspended in 300 ml of distilled water and 900 ml of ethanol
were added. After centrifugation (15,000 � g, 3 min), the super-
natant removed and 50 ml of 70% formic acid was added along with
50 ml of acetonitrile. Following centrifugation (15,000 � g, 3 min),
the supernatant was plated (1.1 ml per site) at 12 sites on the target
plate. After drying, 1 ml of a-CHCA matrix was overlaid onto each
sample and then dried. The target plate was then subjected to
MALDI-TOF MS and each site was analyzed twice. For MALDI-TOF
MS analysis, MALDI BioTyper system was employed. A Microflex
LT apparatus was used, with the measurement range set at
2e20 kDa. Flex Control (ver. 3.3), Flex analysis (ver. 3.3) and Bio-
Typer (ver. 3.1) analytical software were used, and version 3.3.1.0 of
the database was used for identification. All items were purchased
from Bruker Daltonics GmbH, Bremen Germany. The manufac-
turer's recommended log score identification criteria were used as
follows: a score of 2.000e3.000 indicated species-level identifica-
tion, a score of 1.700e1.999 indicated genus-level identification,
and a score of <1.700 indicated an unreliable identification.

2.4. Construction of the in-house database

We created an in-house database of all six capsular serotypes
and NT H. influenzae strains using the standard main spectrums
creationmethod set to the default parameters. The main spectra for
Hib, H. influenzae type e (Hie), H. influenzae type f (Hif) and NT
H. influenzae were obtained from five randomly selected clinical
strains (Supplementary file 1) and one ATCC standard strain for
each serotype (Hib: ATCC 9334, Hie: ATCC 8142, Hif: ATCC 9833, NT
H. influenzae: ATCC 35,056). The main spectra for H. influenzae type
a (Hia), H. influenzae type c (Hic) andH. influenzae type d (Hid) were
obtained from ATCC standard strains (Hia: ATCC 9327, Hic: ATCC
9007, Hid: ATCC 9332) because it was difficult to acquire these
serotypes from clinical strains in Japan. All ATCC strains were
purchased from Pathogenic Microbes Repository Unit, Institute of
Medical Science, The University of Tokyo. Fig.1 showsmass spectral
data of ATCC strains used for the in-house database (Fig. 1, Sup-
plementary file 2). The specific peak levels of each ATCC strains are
shown in Table 1. Samples were extracted from these 27 strains
using standard protocols, and the mass spectra were then deter-
mined. The strains chosen as reference strains did not include the
test strains in this study.

2.5. Evaluation of the in-house database

Initially, 79 stock strains were analyzed for evaluation of this
database. The peak list was used for matching against the reference
library by the direct use of the integrated pattern algorithm of the
software. The best-match main spectrum result was considered a
serotyping result.

2.6. Validation by prospective analysis

We prospectively analyzed 58 clinical strains using our in-house
database and conventional methods (SATand PCR), simultaneously.
We also performed the on-plate extraction method and compared
this with the EFAE method. For the on-plate extraction method,
each strain was applied and dried onto the target plate as in the
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