http:/cneoformans.mlist.net and http:/mlst.mycology
lab.org are used for this study and the study of Mihara
et al., respectively. To compare STs in this study with
the large-scale investigation by Simwami et al. (14), we
adopted the former database. A Chinese epidemiologi-
cal study has shown that the majority of C. neoformans
isolates exhibited the same ST, in which the nucleotide
sequences of 5 loci examined (GPDI, 1GS1, LACI,
PLBI, and SODI) are identical to those of ST46 (19).
Similarly, the nucleotide sequences of all 7 loci in the
major ST of clinical isolates in Korea are the same as
those of ST46 in this study (20). Together, ST46, a
predominant ST in Japan (determined in this study), has
so far been isolated in Thailand, China, Korea, and
Japan, which are geographically close to each other,
suggesting that ST46 isolates from Asia may have the
same origin.

Seven strains from the facility G in the Kyushu region
(NIIDCr0034-0040) were isolated within a year
(2008-2009). Usually, this facility only diagnoses 1 or 2
cases of cryptococcosis per year. Therefore, the high
frequency of cryptococcosis could indicate a possibility
of outbreaks occurring in the vicinity of the facility G.
MLST analysis of these 7 isolates in this study revealed
that 6 isolates belong to ST46. The cases at the facility E
in the Kanto region showed similar patterns: 7 strains
(NIIDCr0024-0027 and 0030-0032) were isolated in 1
year (2010-2011) and 6 isolates exhibited ST46. Local
molecular epidemiology restricted to a small area should
be able to indicate that these 2 cases were potential out-
breaks; however, using our cryptococcal MLST data-
base, the ST46 strain can be recognized as the
predominant strain type that is widespread in Japan.
Therefore, the present MLST analysis seems less useful
for predicting or tracing the infection route or infection
source of cryptococcosis outbreaks in Japan. To inves-
tigate the actual origin of these outbreaks, novel
epidemiological tools such as multilocus microsatellite
typing and whole genome sequencing will be required.

In conclusion, we analyzed clinical isolates of C. ne-
oformans obtained from multiple locations widely dis-
tributed in Japan by MLST, a molecular epidemiologi-
cal method. Most clinical isolates belong to the same ST
(ST46), and there is little geographic bias among the
areas studied. This database will be useful for public
health officials in designing and prioritizing efforts to
prevent, diagnose, and treat cryptococcal disease.
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Abstract  Streptococcus pneumoniae has been reported to
form biofilms. Many different surface molecules, including
capsular polysaccharide (CPS), may play a fundamental
role in pneumococcal biofilm development. We designed a
CPS mutant, TIGR4cpsd4D™, from the TIGR4 strain and
detected enhanced biofilm formation. The pathogenic
diversities of the mutant were also investigated with the
in vitro expression levels of pavA, lytA, IgAl, piaA, psaA,
ply, and spxB. The mean ODsgs5 of TIGR4cps4D™ biofilm
was 1.77 and 1.74, whereas that of TIGR4 was 0.76 and
0.33 on day 1 and day 2, respectively. Scanning electron
microscopy and confocal laser scanning microscopy
showed TIGR4cpsdD™ formed a biofilm that was signifi-
cantly thicker than that formed by TIGR4 (~12.22 vs.
~6.29 um). Compared to TIGR4, the gene expression of
IytA, IgAl, and, psaA in TIGR4cps4D™ was 1.9 x 107>,
24 % 107°-, and 3.2 x 1073 fold lower under the plank-
tonic condition, and 1.9 x 107>~ and 9.7 x 10~ fold
lower in biofilms, respectively. Furthermore, TIGR4cps4D™
seemed to induce less cell death, compared to the results of
TIGR4 (21.38 vs. 33.47 %, after a 5-h exposure; P < 0.05).
Our data indicate that impaired pneumococcal CPS may
increase biofilm formation and be involved in inhibition of
virulence, possibly by influencing the gene expression.
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Introduction

Streptococcus pneumoniae is an important human pathogen
that is recognized as a major cause of community-acquired
pneumonia, acute sinusitis, otitis media, meningitis, bac-
teremia, and other conditions. Since the first case of peni-
cillin-resistant S. preumoniae was reported in the 1970s,
drug-resistant S. pneumoniae has spread all over the world.
Consequently, the treatment of both invasive and chronic
infections caused by S. prneumoniae has become an impor-
tant issue [1-5]. Recently, S. pneumoniae was reported to
form biofilms, which is thought to be a unique mechanism
by which the pathogen escapes the host immune response
and antimicrobial elimination [6-10]. Biofilms are highly
structured, sessile microbial communities, characterized by
bacteria attached to either a surface or interface, that are
embedded in a matrix of extracellular polymeric substances.
Hence, the rate at which bacteria attach to a surface is
an important determinant of biofilm formation [11, 12].
S. pneumoniae are enveloped by capsule polysaccharides
(CPSs). It is well known that pneumococcal CPS is usually
synthesized by the Wzx/Wzy-dependent pathway, except
for types 3 and 37, which are synthesized by the synthase
pathway. The 5'-portion of the S. pneumoniae cps loci,
encoding the first four genes (cpsA—cpsD), is common to
most serotypes of S. pneumoniae, which are located at the
chromosomal cps locus between dexB and aliA [13-15].
CpsA, which does not seem to be essential for encapsula-
tion, has been shown to be a transcriptional activator of the
cps locus in Streptococcus agalactiae. CpsB is a manga-
nese-dependent phosphotyrosine-protein phosphatase that
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is required to dephosphorylate CpsD. CpsC and CpsD are
predicted to function together in polymerization and export
of CPS in a fashion similar to ExoP in exopolysaccharide
production in Sinorhizobium meliloti and Wzc from Esch-
erichia coli. CpsC is required for CpsD tyrosine phosphor-
ylation. CpsD is an autophosphorylating protein-tyrosine
kinase, and point mutations in the cpsD gene attenuate its
activity and regulate CPS production [6, 16, 17].

Expression of CPS is essential for systemic virulence
because of its antiphagocytic properties, which has been
well characterized [15, 18]. CPS was also reported to be
involved in the adherence of pneumococci to host cells [9],
and encapsulated clinical pneumococcal isolates were
reported to have impaired biofilm formation [6]. The
thickness of the CPS may also influence the degree of
exposure of other important pneumococcal surface struc-
tures, such as the adhesins, which are required during the
initial colonization phase. These results indicate that CPS
may play an important role in pneumococcal pathogenicity
and biofilm formation. Previous studies reported that
recombinational exchange at the CPS biosynthetic locus
may lead to frequent serotype changes [19], and strains
with spontaneous CPS switching had even been detected in
clinical trials [20, 21]. On the other hand, adherence and
virulence protein A (pavA), the autolysin (lytA), the
immunoglobulin Al protease (IgAlI), the ion transporters
(psaA and piaA), the pneumococcal cytotoxin pneumolysin
(ply), and pyruvate oxidase (spxB) were reported as a part
of genes that were considered important in promoting
carriage or disease [22-24]. Modification of CPS may also
influence expression of these key genes during colonization
and sequentially change the pathogenicity.

In the present study, we attempted to provide direct evi-
dence to prove that impaired CPS enhances S. pneumoniae
biofilm formation, and investigated the pathogenic diversi-
ties, as well as the mRNA expression of seven genes relevant
to adherence and virulence in different life conditions.

Materials and methods
Bacterial strains, plasmid, media, and serotyping

The serotype 4 S. pneumoniae ATCC BAA-334 strain
(TIGR4) [25], the genome of which had been sequenced,
and the laboratory-derived TIGR4cps4D™ strain, were used
in this study. Pneumococcal strains were grown on Try-
pticase soy agar (TSA II) supplemented with 5 % defi-
brinated rabbit blood (Becton-Dickinson, Sparks, MD,
USA) at 37 °C in 5 % CO, for 18 h. A single colony was
selected and used to inoculate brain heart infusion (BHI)
broth, which was then cultured overnight. Serotype
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identification of the strains was performed using a Pneu-
motest-Latex kit according to the manufacturer’s instruc-
tions (Statens Serum Institut, Copenhagen, Denmark).
Agglutination within 5-10 s was indicative of a positive
serotype test. The plasmid pMPM-A4Q (6.455 kb), which
contained ampicillin and spectinomycin resistance genes as
the selection markers, was kindly provided by the National
Institute of Genetics (Shizuoka, Japan) [26].

Construction of cps4D disruption plasmid

Chromosomal DNA from pneumococcal isolates was pre-
pared as previously described [27]. Briefly, DNA was
extracted by suspending bacterial colonies in 50 pl distilled
water, followed by boiling for 5 min. Polymerase chain
reaction (PCR) was performed using Ex Taq DNA poly-
merase. Cps4D (SP_0349) was amplified in 50 pl, using
2 ul of pre-prepared bacterial lysate as the DNA template.
The PCR profile included denaturation at 95 °C for 1 min,
followed by 35 cycles of denaturation at 95 °C for 20 s,
annealing at 55 °C for 20 s, extension at 72 °C for 20 s,
and a final extension at 72 °C for 10 min. The following
TIGR4cps4D ™~ -specific primers were used: forward primer
sequence [corresponding to TIGR4 (GenBank AE005672)
cps4D nucleotides 127-156] 5'-CTC_GAG CTC GAG
GAT ATC ACG TTT ATT CGC CTC ACC TGT TGC-3’
(underlining indicates Xhol restriction site), and reverse
primer sequence (corresponding to TIGR4 cps4D nucleo-
tides 608-636 bp) 5'-AGA TCT AGA TCT GCA GAA
GAA TAT TAC AAT GCC TTG TGT AC-3’ (underlining
indicates BgLII restriction site). The 484-bp PCR products
were digested using Xhol and BgLII and then cloned into a
pMPM-A4Q plasmid. The resultant plasmid was named
pAcps4D.

Transformation procedures

The transformation method used in this study was a modi-
fication of previously reported methods [28, 29]. In brief, an
overnight culture of TIGR4 was diluted to an optical density
of approximately 0.5 ODygq in competence medium [BHI
broth containing 0.2 % bovine serum albumin (BSA) and
0.01 % CaCl,] and aliquoted for storage at —80 °C after
addition of 10 % glycerol. TIGR4 was transformed as fol-
lows. Competent cells (200 pl) were thawed, followed by
addition of 20 pl pAcps4D (43.25 pg/ml). The mixture was
incubated at 37 °C for 2 h and then plated onto TSA II agar
containing ampicillin (40 pg/ml) and streptomycin (40
pg/ml). Insertion of pAcps4D into the cps4D gene was
confirmed by PCR using PrimeSTAR GXL DNA Poly-
merase (Takara, Shiga, Japan). The PCR profile included
denaturation at 98 °C for 3 min, followed by 30 cycles of
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denaturation at 98 °C for 10 s, annealing at 55 °C for 15 s,
extension at 68 °C for 9 min, and a final extension at 68 °C
for 5 min. Primers were designed from the region 500 bp
upstream and downstream of the cps4D gene: forward primer
sequence (1833693-1836731), 5'-ATA ACC GGA CCT TCT
GAA TC-3'; reverse primer sequence (1838421-1838441),
5-GAA TAT ACG AGT ACC ACG CGA-3'".

Scanning electron microscopy (SEM)

Bacteria were incubated in 2.5 % glutaraldehyde for 1 h at
room temperature. Cells were centrifuged at 1,500 rpm for
5 min, and the supernatant was decanted. After washing
with 7.5 % sucrose (1 h), fixation was performed by
incubation in 1 % 0sO4 [2 % OsO, was diluted with
7.5 % sucrose (1:1)] for 1 h (4 °C). Specimens were
continuously dehydrated by critical-point drying, which
involves the replacement of water in the cells with graded
ethanol from 50 % to 100 % and use of 100 % #-butyl
alcohol for freeze drying. Samples were coated with gold
in an ion-sputter coater and observed with an SEM (S-800,
Hitachi, Tokyo, Japan) [30].

Transmission electron microscopy (TEM)

Bacteria were incubated in 2.5 % glutaraldehyde for 1 h at
room temperature. Subsequently, the bacteria were washed
for several hours in phosphate-buffered saline (PBS, pH
7.0) containing 7.5 % sucrose and then postfixed in 1 %
0Os0, for 1.5 h at 4 °C. The fluid was removed and the
specimens were dehydrated in graded acetone (50-100 %),
transferred into dibutyl glycidyl ether, and embedded in
epoxy resin. Ultrathin sections (70 nm) were stained with
uranyl acetate and lead citrate and examined using TEM
(H-7000; Hitachi, Tokyo, Japan) [30].

Microtiter biofilm assay (MBA)

Biofilm formation by S. pneumoniae strains was assessed
using 96-well (flat bottom) polystyrene (PST) microtiter
dishes (NUNC, Roskilde, Denmark) as previously descri-
bed [31]. Briefly, the concentration of bacteria was initially
adjusted with brain—heart infusion (BHI) broth to a tur-
bidity of 0.05 (ODygp). After a 24- or 48-h incubation, the
culture medium containing planktonic cells was stained
with 1 % crystal violet at room temperature. After strongly
washing the medium with water three times, the dye bound
to the biofilm was extracted with 230 pl 95 % ethanol for
15 min. The extracted dye was quantified by measuring the
absorbance at 595 nm with a microplate reader. All strains
were tested in triplicate, and the average + SD of each
experiment was calculated.

Biofilm growth in a continuous-flow chamber

Strains were grown to mature biofilms in a continuous-flow
cell chamber as described by Davies et al. [32]. Strains
were grown in BHI broth to the mid-log phase and then
diluted to an optical density of 0.1 (ODy4g0). A 1 ml aliquot
of the cell suspension, approximately 1 x 10°7 colony-
forming units (CFU)/ml, was used to inoculate a flow-cell
chamber (37 x 5 x 5 mm), followed by incubation at
37 °C for 2 h. During this incubation, bacteria were
expected to tightly adhere to the glass coverslip. The
chambers used in the present experiment were designed to
reduce fluid shear on the biofilms relative to that induced
by typical wells that are 1 mm deep. The chambers were
subsequently incubated in BHI for 24 or 48 h at 37 °C
under continuous flow (flow speed <500 pl/min).

Confocal laser scanning microscopy (CLSM)

Biofilm architecture was investigated by using inverted
CLSM (Olympus, Tokyo, Japan) as described previously
[31]. Pneumococcal biofilms were rinsed with PBS and
then stained with Live/Dead BacLight from Invitrogen
(Carlsbad, CA, USA). Cells with a compromised mem-
brane that are considered to be dead or dying stain red,
whereas cells with an intact membrane stain green. To
ensure reproducibility, each experiment was performed in
triplicate. Images were analyzed using FV10-ASW Viewer
Ver. 1.7b (Olympus); projections through the x—y plane and
the x—z plane were obtained.

RINA isolation

Pneumococcal strains were grown in BHI broth in 50-ml
tubes for 24 h. Planktonic cells (approximately 10’ CFU/ml)
were recovered by centrifugation at 8,000 rpm for 5 min at
4 °C. A 15-ml aliquot of the cell suspension (approxi-
mately 1 x 10° CFU/ml) was inoculated into 150-cm?
film-made lid tissue culture flasks (Iwaki, Japan) and
cultured for 24 h. The culture medium was removed
and the flasks were vigorously washed three times with
PBS (—) buffer. The bottom of flasks to which biofilm had
tightly adhered were scratched; then the cells were
recovered using 200 pl of an RNA Stabilization Solution
(Ambion, Japan). Total RNA was isolated using a com-
mercial high-purity RNA isolation kit, following the
manufacturer’s manual (Roche, Mannheim, Germany).
Finally, RNA of each sample was eluted in 100 pl RNase-
free water. Quantification and crude quality assessment
were done by a micro-volume spectrophotometer (Thermo
Scientific, USA), and a visual examination on a 0.8 % ME
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agarose gel in Tris—borate—ethylenediaminetetraacetic acid
(EDTA) buffer stained with ethidium bromide. Aliquots of
total RNA were stored at —80 °C until use.

Real-time PCR analysis

The qualified RNA was then used for cDNA synthesis,
which was performed by random priming (Random 6 mers)
on total RNA by using a real-time (RT)-PCR kit as
described by the manufacturer (Takara, Japan). Genes
(pavA, IytA, IgAl, piaA, psaA, ply, and spxB) relative to
adherence and virulence were selected to test in the
quantitative real-time PCR with SYBR green detection
(Table 1). The primers were designed according to the
published genomic sequence of TIGR4 (GenBank
AF005672). Primer-pair efficiency was analyzed using
varying concentrations of TIGR4-derived DNA template,
and the Ct values obtained corresponded to the expected
relative concentrations of template. The optimal concen-
trations of primers used in these studies were determined
empirically in accordance with the manufacturer’s
instructions. Each reaction was conducted in duplicate two-
step multiplex real-time PCRs with SYBR premix Ex Taq
GC (TaKaRa, Japan) on a Real Time System TP800
(Takara, Japan). 16S ribosomal RNA (16S rRNA) served
as an internal reference gene. The relative expression level

was measured by using the 2742 method described by
Livak and Schmittgen [33].

Cytotoxicity detection assay

Prepared 100 pl medium (without antibiotics) containing
BEAS-2B cells (human bronchial epithelium cells), about
10°/ml for each well of a 96-well plate, was incubated for
48 h at 37 °C with 5 % CO,. Bacteria were diluted to
10° CFU/ml for each strain. Then, 100 pl of each diluted
bacteria suspension was added into previously prepared
96-well plates after removing the culture medium, except
for the low control wells, and were then continually cul-
tured for 24 h at the same condition. We quantitated the
cytotoxicity in 96-well plates 24 h after infection using a
Cytotoxicity Detection Kit (LDH) (Roche, Mannheim,
Germany). Assay followed the manufacturer’s protocol. In
brief, 5 pl lysis solution was added to the high control
wells and incubated for an additional 15 min; 100 pl
reaction mixture was added to each well, and incubated for
up to 30 min at room temperature. Finally, 50 pl stop
solution was added to each well to stop the reaction.
Optical density of each sample was measured at 490 nm by
a microplate reader. All infection studies were tested in
triplicate, and the average == SD of each experiment was
calculated.

Table 1 Primer sequences of housekeeping gene and genes relative to adhesion or virulence

Genes  Forward primer sequences (5'-3') Reverse primer sequences (5'-3) Accession Function Size
number (bp)
(gene ID)
165* TCTTGACATCCCTCTGACCGC CCAACATCTCACGACACGAGC SP 16S ribosomal RNA 100
rRNA rrnaAl6S
(929754)
pavA TCCACCAAGTGCCTAACGACC GGGAGTCAGAGCCTTATCAAGCG SP 0966 Adherence and 95
(931286) virulence
protein A
IytA CGGATTATCACTGGCGGAAAG CAGGCACCATTATCAACAGGTCC SP 1937 Autolysin 100
(931994)
IgAl CAA CCT GAG ACT GGT GTA G GTC ACT TAC TAC AGC TTC G SP 1154 Immunoglobulin A1 96
(931668) protease
piaA CAGTTCATCTGATAAAGGAGACGG C CTTCAAAGGCAGGAATAGTTGCT C  SP 0243 Iron ABC 92
(930044) transporter iron-
binding protein
psaA CACACGAATACGAACCACTTCCTG GCATTGCCACCTGTTTCAAGG SP 1650 Manganese ABC 97
(931186) transporter
marnganese-
binding adhesion
lipoprotein
ply TCAAGAAGGCAGTCGCTTTACAG AAGGTCGCAACTACATTGTCACG SP 1923 Pneumolysin 90
(931915)
spxB CAATCTACGGTATCCCATCAGGAAC CGTGGCGAACTTGTAAGAAACG SP 0730 Pyruvate oxidase 90
(930680)

* 16S rRNA was analyzed as the housekeeping gene
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Statistical evaluation

Data were analyzed using the Student’s paired f test.
P < 0.05 was considered statistically significant.

Results

Construction of the CPS-impaired mutant
TIGR4cpsdD™

To confirm the role of CPS in S. preumoniae biofilm for-
mation, we constructed a CPS-impaired mutant. Several
drug-resistant colonies were chosen from the selective
blood agar plate containing ampicillin and streptomycin
(40 pg/ml). Insertion of the DNA fragment within the
cps4D gene was confirmed by PCR (Fig. 1a). In the wild-
type TIGR4 strain, a 1,728-bp segment spanning 500 bp
up- and downstream of the cps4D gene was amplified. By
contrast, an §8,183-bp DNA fragment was amplified in
TIGR4cps4D™, which confirmed insertion of the plasmid
vector into the cps4D gene site.

Morphological characteristics were investigated. The
TIGR4 colony phenotype observed using SEM was smooth
or mucoid (Fig. 1b), and TEM showed the considerable
thickness of the CPS (Fig. 1d). These results suggest that
TIGR4 produced a considerable amount of CPS. By con-
trast, the CPS of the mutant TIGR4cps4D™ had a rough
outer surface (Fig. 1c), and the amount of CPS-related
material evenly distributed over the cell surface was very
small (Fig. 1e). These observations prove that the cps4D
gene was mutated and that TIGR4cpsdD™ produced an
impaired CPS.

A mutation in the ¢ps4D gene affected CPS expression
and, consequently, may change the serotype. Therefore, the
serotypes of TIGR4 and TIGR4cpsdD™ were determined
using a rapid latex agglutination test, as described in
“Materials and methods.” According to the protocol,
agglutination of latex pool sera A and R was observed
simultaneously, which indicated that TIGR4 was serotype
4. By contrast, no agglutination was observed for
TIGR4cps4D™. This result indicates that secretion of CPS
was interrupted by the DNA insertion into TIGR4cps4D™.

Characterization of biofilm formation

Using an in vitro batch biofilm assay performed in 96-well
microtiter plates, both TIGR4 and mutant TIGR4cps4D™
were proven capable of biofilm formation (Fig. 2). There
were no significant differences in planktonic growth
(ODy9g) between strains on day 1, and even TIGR4 seemed
to grow better than TIGR4cps4D™ on day 2. However,
there were differences in the optical densities of the

biofilms. The mean ODsg5 of TIGR4cps4D™ was 1.77 on
day 1 and 1.74 on day 2, whereas that of TIGR4 was 0.76
and  0.33, respectively. These results indicate
TIGR4cps4dD™ was more capable of forming a biofilm
in vitro than its parental strain.

Next, biofilms were grown in a continuous-flow cell
system for 24 or 48 h under once-through flow conditions.
Biofilm architectures were visualized at 400x magnifica-
tion after staining to show the viable cells in green and dead
cells in red fluorescence. Flow-cell experiments were per-
formed in triplicate, as described in “Materials and meth-
ods.” The CLSM images depicted in Fig. 3 show horizontal
three-dimensional (3-D) reconstructions scanned in the
x—y and x—z planes. The results are typical for biofilms after
24 h of culture. Each image shows a mature biofilm struc-
ture composed of a large cluster of cells. The CPS-impaired
TIGR4cps4dD™ formed a biofilm with a depth of
~12.22 pm (Fig. 3b), which was a much higher density
and thickness than the biofilm formed by TIGR4 with wild-
type CPS (x6.29 um) (Fig. 3a). Data observed after 48 h
of culture showed congruent results (data not shown).

Despite its destructive nature, scanning electron micro-
scope (SEM) observations provided useful information on
the different cellular morphologies present in the biofilms
(Fig. 3c, d). The definition of biofilm was the recognition
of slime and a multilayer formation of bacteria. As in
biofilms formed under static conditions, the TIGR4 strain
was seen to compose a dense aggregate of individual
bacteria (Fig. 3c), whereas the TIGR4cps4D™ strain was
recognized to contribute a 3-D conformation structure
similar to biofilms observed at 24 h. The pellicle was
formed by the biofilm matrix at the top of the biofilm
structure of each strain, and fibrils extending between
bacteria were also observed from both strains at 48 h. The
TIGR4cpsdD™ strain seemed to form a denser network of
cells, and the biofilms occupying the coverslip were larger
and thicker (Fig. 3d).

Real-time PCR analysis

Total bacterial RNA extracted from TIGR4 and the mutant
TIGR4cps4D™ grown under planktonic conditions and bio-
films were used to investigate the in vitro expression levels of
the seven genes (pavA, IytA, IgAl, piaA, psaA, ply, and
spxB). Compared to TIGR4, of the seven genes analyzed,
four genes (pavA, piaA, ply, and spxB) showed increased
expression of 0.9 x 10'-, 1.4 x 10, 2.9 x 10'-, and
0.7 x 10*-fold change in TIGR4cps4D™ under planktonic
conditions, respectively, whereas the expressions of [yfA,
IgAl, and psaA were decreased 1.9 x 10‘5—, 24 x 107>,
and 3.2 x 107 fold, respectively (Fig. 4a). Furthermore,
under biofilm conditions, pavA, piaA, psaA, ply, and spxB of
TIGR4cpsdD™ showed increased expression that was
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< Fig. 1 a Confirmation of the mutant by polymerase chain reaction
(PCR). Primers were designed to span a region 500 bp up- and
downstream from the ¢ps4D gene for confirmation of the capsular
polysaccharide-impaired mutant. b, ¢ Capsular polysaccharide (CPS)
on the cell surface of TIGR4 and TIGR4cps4D™ observed by
scanning electron microscopy (SEM). A representative bacterium is
shown for TIGR4 and TIGR4cps4D™, respectively. d, e CPS on the
cell surface of TIGR4 and TIGR4cps4D™ observed by transmission
electron microscopy (TEM). A representative bacterium is shown for
TIGR4 and TIGR4cps4D™, respectively. b, ¢, d, e x30,000
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Day 1 0.23 £0.04 0.18 £0.01 P=0.375
Day2 0.24 +0.02 0.13 £0.01 P=0.001

Fig. 2 Biofilm formation capacity of TIGR4 and TIGR4cps4D™.
Bacterial cells were cultured in BHI broth at 37 °C for 24 and 48 h,
and the growths were investigated before assay. Gray and black bars
indicate the biofilm formation of TIGR4 and TIGR4cps4D™, respec-
tively. Results are average &= SD of three independent experiments.
*P < 0.0001

4.9 x 10>, 24 x 10°-,3.2 x 10'-, 4.7 x 10>, and 3.6 x
10'-fold higher compared to TIGR4, except the expressions
of IytA and IgAl, which were 1.9 x 107>~ and 9.7 x 107°-
fold lower, respectively (Fig. 4b).

Pathogenic effect of TIGR4cps4D™ infection
on viability of BEAS-2B cells

To ensure the pathogenicity of the TIGR4cps4D™ strain in
our experiments, a cytotoxicity detection assay was per-
formed. BEAS-2B cell death was evaluated by LDH
release, following an infection with TIGR4 and
TIGR4cps4D™ after an incubation of 5 or 24 h (Fig. 5).
TIGR4 increased cell death from 33.47 to 45.41 %, and
TIGR4cps4D™ also increased cell death from 21.38 to
31.44 %, after 5 and 24 h exposure, respectively. The
figure reveals that TIGR4cps4D™ significantly reduced
BEAS-2B cell death compared to TIGR4, when observed
after 5 or 24 h exposure (P < 0.05).

Discussion

In this study we observed mature biofilms produced by
both TIGR4 and its CPS-impaired mutant TIGR4cps4D™.
These data provide direct evidence that S. pneumoniae
forms mature biofilms in vitro. Furthermore, because
TIGR4cps4D™ formed a larger and thicker biofilm than did
its parental strain, loss of CPS has the potential to promote
biofilm formation (or possibly quicken the biofilm forma-
tion in the early adherence). Previous studies reported that
a series of derivatives from the clinical or laboratory-
originated pneumococcal isolates expressed comparable
amounts of CPS that differed from that of the parental
strain, and some of these CPS exhibited reduced biofilm
formation [6]. These results indicate that CPS is actually
involved in biofilm formation. In our study, electron
microscopy confirmed the disruption of CPS secretion,
which subsequently promoted biofilm formation. This
interesting finding gives the direct evidence to reveal the
relatedness of CPS expression and pneumococcal biofilm
formation. CPS was reported to block the function of a self-
recognizing adhesin 43 through physical shielding and
sterically prevent receptor—target recognition of short
bacterial adhesins, and this negative interference affects the
ability of bacteria adherence during the initial colonization
phase.

psaA encodes a surface-exposed common 37-kDa mul-
tifunctional lipoprotein detected on all known serotypes of
S. pneumoniae. It also plays a major role in pneumococcal
attachment to the host cell and virulence [34]. In our study,
alternating expression was detected for psaA under plank-
tonic conditions and biofilms. The higher expression level
of psaA in TIGR4cps4D™ in biofilms indicated that
impaired CPS might influence psaA expression, but this
should be tested by further similar experiments with the
addition of exogenous CPS to non-CPS-expressing
TIGR4cpsdD™ or co-culture with other bacterial species
that produce biofilms. Our results indicated that the TIGR4
strain formed fewer biofilms than did the CPS-impaired
mutant, which may be caused by either sterical shielding of
adhesion proteins by the CPS or CPS production interfering
with synthesis or transport of adhesion proteins to the cell
surface, as Schembri et al. [35] demonstrated.

In the previous studies, biofilms were most often grown
in Todd—Hewitt broth [6, 8—10] whereas very few studies
used BHI broth as the culture medium. In our studies,
mature biofilms were observed after 24 or 48 h of contin-
uous culture in BHI broth, which proved that BHI is also
suitable for biofilm study. Although in biofilms the gene
expression of IyrA in TIGR4cps4D ™ was 1.9 x 107°-fold
lower than TIGR4, we noticed that the number of dead
pneumococcal cells was increased in the TIGR4cps4D™
biofilms (Fig. 3b). The reason remains unclear; the
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TIGR4

2000x 5000x

24 h

48 h

C

Fig. 3 Biofilm architecture with confocal laser scanning microscopy
(CLSM) and SEM visually observed after 24 h of culture. CLSM
images (a, b) show the x~y and x—z planes. Flow-cell experiments
were performed in triplicate as described in “Materials and methods.”

effective inhibition of pneumococcal autolysin is thought
to be a priority of future pneumococcal biofilm studies.
Allegrucci and Sauer [9] reported the biofilm development
process occurred in three distinct stages, and biofilm viable
cell counts and total protein concentration increased stea-
dily over the course of biofilm development, reaching
~8 x 10® cells and ~15 mg protein per biofilm after
9 days of biofilm growth. However, another study {[7]
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Bars 30 pm. x400. Biofilm architecture visually observed with SEM
(c, d) after 24 and 48 h of culture, respectively; SEM images were
taken at 2,000x and 5,000 for each strain

reported that the total biofilm cell counts stabilized after
21 h, at approximately 10° cells/cm?, whereas viable
counts decreased as the biofilm aged. Thus, we think it
should not be easy to judge whether pneumococcal bio-
films detach after a longer period of time. As the biofilm
seemed to be affected by many factors such as culture
condition, medium, and strains, more studies should be
focused on this aspect.
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Fig. 4 Expression level of genes relative to adherence or virulence in
TIGR4cps4D™ compared to TIGR4. Strains were grown in BHI broth
(a) to the stationary phase, and total RNA was analyzed by real-time
PCR analysis using primers specific for pavA, IytA, IgAl, piaA, psaA,
ply, and spxB. Gene expression of RNA isolated from biofilms
(b) was analyzed
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Fig. 5 BEAS-2B cells were assessed for cytotoxicity following an
infection with TIGR4 and TIGR4cps4D™ strains. Cytotoxicity was
quantitated based on the measurement of LDH activity released from
damaged cells after 5 and 24 h culture, respectively. Results are
average &= SD of three independent experiments. *P < 0.05

S. pneumoniae is capable of producing CPS, which is
structurally distinct for each of 90 known serotypes and is
essential for pneumococcal virulence [15, 36]. Maximal

expression of CPS is essential for systemic virulence
because of its antiphagocytic properties. A previous study
reported that a cps2D-deleted D39 strain that produced a
reduced amount of CPS was avirulent [37]. In the present
study, the CPS-impaired mutant seemed to be reduced in
pathogenicity compared to its parental strain. We also
investigated the expression of seven genes based on their
putative functions relative to adherence and virulence. lytA
encoded autolysin, which may play a direct role in viru-
lence by mediating the release of cell-wall components
shown to be highly inflammatory, and in pathogenesis by
mediating cell lysis and the subsequent release of virulence
factors, such as pneumolysin. As a result, much higher
expressions were detected for IytA and IgAl in TIGR4
under both planktonic conditions and biofilms. Previous
studies found that disruption of the gene encoding the
autolysin LytA reduces competence-induced cell lysis two-
to fourfold [38], and interruption of the chromosomal gene
resulted in loss of expression of an approximately 200-kDa
protein and complete elimination of detectable IgAl pro-
tease activity [39]. These results suggested that the inter-
rupted lyrA and IgAl expression might be responsible for
the reduced pathogenicity of TIGR4cps4D ™. As is well
known, pneumolysin was reported as an important viru-
lence factor, contributing to multiple stages of the patho-
genic process, and it is also involved in eliciting an
immune response from the host. The cytotoxic character-
istic of pneumolysin facilitates progression of diseases by
inhibiting ciliary beating in the human respiratory epithe-
lium, and also acts by disrupting tight junctions between
epithelial cells. Additionally, numerous studies demon-
strated that mutants lacking pneumolysin showing reduced
replication and survival in the bloodstream of infected
animals [40, 41]. Higher expression was detected for ply in
TIGR4cps4D™, with reduced cytotoxicity. Because
pneumolysin production is regulated at a posttranscrip-
tional level, it may be regulated independently of envi-
ronmental stimuli, with the niche influencing the release of
the toxin rather than its transcription or translation, as
suggested by LeMessurier et al. [22]. There are some
limitations of the present study. We hypothesize the CPS
product, expressions of pavA, IytA, IgAl, piaA, psaA, ply,
and spxB, played the important role in inducing cytotox-
icity, but we did not investigate the protein/transcriptional
levels of pneumolysin, as well as the other genes; thus, we
could not demonstrate the key factor expressing cytotox-
icity in this experiment or how impaired CPS affects the
expression of virulence genes. Furthermore, whether
TIGR4cps4dD™ was able to reduce pathogenicity after
adherence to epithelial cells or tissues, and then formed
mature biofilms by avoiding the clearance of host immune
responses, has not been investigated. Thus, an animal
model is thought to be necessary for future work.
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The biofilm matrix was reported to be regulated by CPS,
protein components, and other extracellular molecules.
Pneumococci with different serotypes have different sur-
face properties that may promote (or hinder) biofilm for-
mation and may be very important for the survival of
pneumococci in different host environments. Hammersch-
midt et al. [42] found invasive pneumococci exhibited an
enhanced capacity to adhere and invade epithelial cells,
appearing to cause a reduction in capsular material, which
potentially increases biofilm formation. If invasive pneu-
mococci acquire enhanced ability to form biofilms, their
elimination would become difficult, with subsequent seri-
ous clinical implications. Variations in CPS may result in
different biofilm phenotypes. Therefore, screening of
strains that form biofilms with vaccine serotypes is
important not only for development of new vaccine can-
didates but for reevaluation of existing pneumococcal
vaccines, e.g., a 23-valent polysaccharide vaccine, or a
7-valent conjugated vaccine.

The present study demonstrated that CPS as a surface
structure seems to be essential for regulation of biofilm
development and virulence. The artificial disruption of CPS
that increased biofilm formation may be caused by inter-
ference with the initial process of attachment in pneumo-
coccus and subsequent biofilm development.
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NV ABRFFEREF Y b (ZXT54 Y A&BN, B
TLEAF) OREMHL LI

2. A VT NVIVHF YAV ARET OB RO

24 B AR H] & 2009 4E 5 A 7 H 2> 5 2009 £ 11
A6HTFTORERMEL, 4%DRAY v 7% 285
U, TAEE 17— E LREETo 7.

BHEACHWE»SQIAMpRNAH H £ v
(Qiagen) ZHWTY A4 W ARNA 2HH L, HiEE
B R (Superscript II reverse transcriptase, Invi-
trogen) ; 45C60 4, 75C5 4% 4TV, Ist PCR (Ex-
Tagq, TAKARA) % 98C10#, 55C20 %, 72C90
BE 25947 VT EHEWT 2nd PCR 2 UL&HT
fio/z. 794 <—0EFNE Table IR L7z, T
O —ZBRKE T, PHENLINY PRI SR
ek, €0y Frih L (Ultra Clean, MO-
BIO), ¥4V 7 by —2r Ly (Big Dye termi-
nator cycle sequencing kit 3 & UF ABI prism 310 se-
quencer, ABI) 12X 0 I3EFEEF 2 gtE L, BLAST
BRIZE DA VADH 24T 7.

3. TANVAGEE

HEBWF v b B L O RT-PCRIC X 2 HRERED
MO B Wil E 3,000 HiE, 10 4 HE O,
MDCK KU CaCo-2 Mifad¥sde 2 H HICHEA L 1 ReH
W& S&727%, MY 7YV lug/mL (Sigma) %M
L 724 13E A — 7 v MEM (Nissui) F1°C CO.{f ¥ F 2
N F—ZTCT37C THELZ. IRBIEFEHRRLE L
TS5 HBEWINA—RZ M RAT 1 BIEERE L0 R
% F L FEBIZMDCK K UF CaCo-2 M IC B/ L 218
B L L7, BHEBZELZITV CPE & b HEE
WA -80TC CTHME L. B L7-D B, 4T, 10 4 3000
508 L 72 B35 Wt LUtk BRose 48 IO s 1 e 72
L, 94 VAGHEERE L7

4. FRIMEREEERE (HA)

BRDOTL—bE2HWTELRIZY VEBEBRE R
(PBS) #90uL, 22/ S0uL oL, £1 X
WA A4 v A 10uL & A ERAL, 50ul % 2 X HIC
SUERM, DB 2EREAREITo4. o0 L0
PBS C 3 H##& %17 > 72 05% L1 B Mk % 50ul jn
AR, BRICIFEKBELIELL:. BELR
KAEFERE HAMGE L7z

5. ARMLEREEEIIHIFER (HD

FRi25% 5 A20H

&2 RDE (7~ 4 &8 % 358 AN, 56T30
SOFEMILMEE TS I NSDOMER 105~
1280 C2RBEARET oD bL Y 4 VAHK
(4HA ffi/50uL) % 25uL HE2MZ 7%, EHE T3S
Buwi, ZORAWIZ05% EHBIMmMER% 50ul Nz
FRTIHHESSEHE L GErEL21CHIEL
TeBARFHFES Y HIMie Lz, HIM=1: 40 & &
BifL~n& L.

B &

1. EFOFM (Table 2)

200058 7HXD2010FE1819H FCITHRE
KX 0 MAETH o 7. BEDERILSE~66KT
by, B4 k124, MELLFI0ETH-
7o, ERETIORERESR 1 &, WRIRITE2ETH
h, FOMIIEFEN Dol BEZHF v FTH,
MR 20EPLOBFNAL 7V Y FARK
(50%) Tholz. Z20HH AR L BRILIZHMEA 2
Btk T, BEIDOAGMEDS 1 Befkd - /2. PCRIEETIL 27
Kefkrh 14 Mtk (52%) 234 Y 7 Vv VF ABHTH
D, BEHA 7NV (A VER (HIND) 281
Bl Sz ER 30 ik EREM B4 v ova v
Fr A NVAD LY FE R IR % BT L 720,

2. RT-PCREWZIAA VIV Uy 4 VAEE

FoRl

RT-PCREWZTHEA IV 4 VAEETF
DRI EITo /2, WHEE LTiEko A VER (HIN
1), AFEE (H3N2) RUBEA VIV y¥o4
VWADTS5 4 <w— %R L7 (Tablel). Fig. 1A, B
WENZIER 10, 13 DFERERT. EF 10D L —
V5 TRENENAYFIv 4 V7 VT HF T4
VANA, M1EBIZFEY (1411835, 758 HE) 28
MH s ER 13 TH M1 OV FHRBRE SR

3. DHMEENIEBIL VIV U TAL VAL D

MR ERIR (CPE)

FEF) 10 DRk % HEFE L /2 MDCK K U CaCo-2 flifE
B 5 CPE % Fig 2C, DIZ/R L7 I 2/ E#
£ 4 H#® CPE Td 5. MDCK M2 B CTidiifa
OEBALDR Sy, B S0 RERITE
EAER N Moz —F, CaCo2 2B WvTIidM
HBORWALE ZDEEB L UHBROBERFZHAS
N FhomEnzy A VACH LT HAREKE
TFolbl s, vANVAZGELUERIL, 13&D
\= MDCK #l 2 T 13 20HA 1fi/50uL @ 11 ffi % 7= L 7z
A%, CaCo-2 ML T i% 312 80HA fli/50ul T4 FH W
TR L7z

4. MIEFRYZ R

N7 mE (B 1~3%H, BER : 2~38H)
HEREUC & 72 3IER) GERI 12, 23, 26) @ HI Hufiffi
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Table 1 Primers for RT-PCR

Target Ampli-

Subtype Designation Direction Sequence gene  con (bp)
A/HIN1/Russia RT YI-16 SAGCAAAAGCAGGGGAAAATAZ
Ist and 2nd PCR Y101 FW 5GAGGGAGCAATTGAGTTCAGY HA 479
Y13 RV 5CCAAAGCCTCTACTCAGTGCS
A/H3N2/Hong Kong RT 04NH1 STGAAGTGACTAATGCTACTGS
1st PCR 04NH1 FW 5TGAAGTGACTAATGCTACTGS
04NH2 RV STTGTCCAATAGATGCTTATTS HA 280
2nd PCR 04NH3 FW SGCAACTGTTACCCTTATGATS
04NH4 RV 5CCCCCAAATGTACAATTTGTS
Pandemic A/HIN1/2009 RT RT1 5AGCAAAAGCAGGTS
RT2 5AGCGAAAGCAGGTS
RT3 5AGCAAAAGCAGGCY
RT4 5AGCGAAAGCAGGC3
RT5 5AGCAAAAGCAGGGY
RT6 5AGCGAAAGCAGGGT
1st PCR RT1-RT6 mixture FW
NA/Rev RV SHHACTTGTCAATDGTDAATGS NA 1411
2nd PCR NA/FW FW 5ATGAATHCAAAHCADADDATS '
NA/Rev RV S5HHACTTGTCAATDGTDAATGS
1st PCR RT1-RT6 mixture FW
M1/Rev RV 5TCACTTGAAHCGHTGHATHTGCS M1 758
2nd PCR MI/FW FW SATGAGTCTTCTAACCGAGGTY
M1/Rev RV 5TCACTTGAAHCGHTGHATHTGC3
Table 2 Summary of medical history and clinical investigation
Case Davs after /(*ygrf Sex Rapidtest ~RT-PCR 1 tiver Medical history Others (travel)
Acute convalescent
1 10 NR F - + seasonal NT NT pregnant, arthralgia Las Vegas (USA)
2 NR NR NR +A +B - NT NT influenza encephalopathy
3 1 29 F - - NT NT a slight fever, anthralgia
4 16 20 M - - NT NT 39C, neck swelling
5 1 24 F - NT NT NT 39°C, gastroenterisis
6 3 52 F - NT NT NT 39,6, anthralgia, malaise
7 NR NR NR - - NT NT neonate, 39C
3 1 24 M - - NT NT 36.97C, headache
9 1 NR NR +B - NT NT 36.9C, headache
10 NR 24 NR +A +pandemic  NT NT fever Okinawa (Japan)
11 1 NR NR NT NT NT NT NR
12 NR 20 NR +A +pandemic <10 40 rhinorrhea, cough Okinawa (Japan)
13 NR NR NR +A + pandemic NT NT NR
14 NR NR NR NT - NT NT fever, liver dysfunction, unconsciousness
15 NR NR F NT - NT NT pregnant
16 3 66 F +A +pandemic  NT NT 397, respiratory disorder
17 2 9 F NT +pandemic NT NT respiratory disorder
18 2 11 M NT +pandemic NT NT fever, cough, vomiting
19 NR NR M +A +B - NT NT NR
20 3 54 F NT +pandemic  NT NT 38%C, rhinorrhea, anorexia
21 NR 5 M NT +pandemic NT NT asthma
22 1 9 M NT - NT NT myocarditis, cardiopulmonary arrest
23 1 20 F NT + pandemic 10 80 38.2TC, cough, vomiting
24 1 31 M +A - NT NT fever
25 1 24 F +A - NT NT NR
26 2 49 M NT + pandemic 20 80 38T, rhinorrhea, anorexia
27 5 9 F +A +pandemic NT NT 37C
28 NR 11 F - +pandemic  NT NT 417, respiratory failure
29 3 NR NR - - NT NT cough
30 27 56 NR +A +pandemic  NT NT fever, pneumoniae

+ A: influenza virus A; +B: influenza virus B; NR: no record; NT: not test

BHAEFHERE B8TH B35
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Fig. 1 RT-PCR products from patient’s samples. A) patient case 10
B) patient case 13 M: size marker. RT-PCR was performed with
primers specific for A/HIN1/Russia (lanes 1 and 2), A/H3N2/Hong
Kong (lanes 3 and 4) and pandemic A/HIN1/2009 (lanes 5 and 8§).
The expected sizes of NA and M1 genes of pandemic A/HIN1/2009
are 1411 bp and 758 bp, respectively. *NC: Negative Control.
**non-specific band. Expected size of A/HIN1 Russia is 479 bp.

H1N1/Russia H3N2/Hong Kong

pandemic H1IN1/2009

A HA  NC* HA
M 1 2 3

NC NA NC M1 NC
4 5 6 7 8

H1N1/Russia H3N2/Hong Kong

pandemic HIN1/2009

B HA NC  HA
1 2 3

4

NC NA NC M1 NC

5 6 7 8

(Table 2) ZABEMIMFECIX 10U TA14, &Y

F10fEE 208 CTH o7z —F, BEEMIIE Tk

IR 40~80 M5 2 Y, &T 4L LR BERPUAME

OERBALN, UL VTN U FORYEDIFERT

EAN

5. RMADOHEA Vv INT I AL VAT 7 F V3
TR OPUME D ZE)

Table 2127R L 7ZEFI LA OB N EEH (24~60 %)
OFEA T VL U H 4 v AHRE % Table 3127
L7, U0 F VBT 1149413 10 15 R
(82%) T, 20f% (G8REHEM) BILU 40 (41 RH
W) BENREFN L &dHoT. —T, 77 FrEMEE20
A#BLBOREMIZERARTOM0FEAL AT, 40
EAR6BTHRDLE L, 80ME3HTHY, fER 3, 10,
BEBROVTTRT—HRBIIEbI T DL RYERH L

YER254F 5 A20H

ANV 40 R OB LABSR Sz
z &

LS EOBAERBIEG ONTIL, A Y7V
EVIHEBEFELRTHETF o TV RWIRED —H &
oT, BECHNRELREOMEI LA YTV W
SEROIEBNC N Z, ZIaAEp R Eme (GEPF 16
R v 30), BOE GEBI14), L%k GEFI23) LD
BREGINH 52—, FRPWE CORENH LoONE
B LRITOAERLPDLIERN R ELEHTH 72,
COBRWEF ORI T I v FEIICSEES v
VI U FREREDD o 72RE P S O E R WA D
RIFZ L2 onEERTn/ BEEILZENFTF
RENLEDEAN LNV FI v 7 DAL ABERAR
HFHEENED, $FICSREERL 28O —KRRAET
HRBED 72 WIRRE S O B FEHE LT X DA ATEIEAY R
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Fig. 2 Cytopathic effect (CPE) of pandemic influenza A (HIN1) 2009 4 days post inocula-
tion. A: MDCK cells of mock inoculated; B: CaCo-2 cells of mock inoculated; C: MDCK
cells inoculated with virus isolated from case 10; D: CaCo-2 cells inoculated with virus
isolated from case 10.

Table 3 Seroconversion by vac-

cination
HI titer
Case Age Sex
pre post™*
1 24 F <10 80
2 34 F <10 40
3 35 M - 10
4 36 M <10 40
5 37 M <10 40
6 41 M - 40
7 41 M 40 80
8 42 M <10 80
9 43 F <10 40
10 43 M <10 20
11 51 M <10 40
12 58 M 20 640
13 60 M <10 20

*20 days after the vaccination

BEOWR L FNIH  BEDHKOL-DERICL S
LEZD, LIRS TEONRYT I v 7 BICIZEsH
B Y BHEIEE 3G D T & 5 MR PER A WE &
E25.

WAL, MFEA CINIZ UL N RICE B b
DFTEFDPKRE LT 2T IHIIWY BT S5 HETRE
DAL L2LCDCIZL ) EHZ I E

BHHIBREOTMHEEFEOLDPEVELE VI RRIZLY
EEEL72Y. He b3 CICHMBMEREEL, 11&H
2% (18%) (Table 3) MMEMETH 50tk ERE L
TWb I L 2R L. BEIICRERIIEEREBT
B, BBHEBEBTIREI -85 CDCORERITE
Lo Z:l EdURaEN/z. Lo L—HomeEit, 8
BEEDNIIGREFE L 20 E W) Kz R LY.
BRI DORRICEERR LB EOTEHREL L THOHR
RLEZEPPELEbNS. 1976 EOKRET +— b -
FA w7 ABLETORERA v 7 VL Uy FRITE, B
WHEBICERECB TIERAMEZ e LY, Y
FKETRELZICH 22D S TRABRAOLZ ) O
HENIOFA IV T AL VR T AR %
BELTWABERZHESHIZLE, A Y IV UFy4
WAD LX) RIK, BhEWNMEL TURET 2 HEMAE
bHTTICRESEL, BOoMICEIIgEERL T
LGENHHEEZONDL. BEOBKRTOHEAL v
VI TT M T UL 710D TELRwWrEEZS
ns.

WkDAL VIV UFIAL VAT 7 F v (A/HIND)
OEHEEBEEEEHIMA0ELZBLI 2D 00K
90% LLEROSNAE?. &S0, HEAL VIV FT S
F TR LR I0%MHIM40 L E (91%) I

k=3
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Review of a Community-based Laboratory Diagnosis of Pandemic Influenza A (HIN1) 2009

Yoshihiro IMAMURA, Nobuyuki HAMADA, Koyu HARA, Takahito KASHIWAGI & Hiroshi WATANABE
Division of Infectious Diseases, Department of Infectious Medicine, Kurume University School of Medicine

We performed a community-based laboratory diagnosis of pandemic influenza A (HIN1) 2009 with the
RT-PCR technique using originally constructed primers. Of 30 patients who were suspected to be infected
with the influenza virus from May 2009 until January 2010, the A (HIN1) 2009 virus was detected in 13 pa-
tients (43.3%). Three cases were immunologically confirmed to be infected with the A (HIN1) 2009 virus, be-
cause significant increases in the HI titer were observed in the convalescent sera. We also measured the an-
tibody titers to the A (HIN1) 2009 virus in 13 healthy individuals with the HI assay using originally isolated
virus. In most cases, the HI antibody titers were less than 10, except two cases with titers of 40 and 20. Our
inspection system organized in the early phase of the A (HIN1) 2009 pandemic contributed to disease con-
trol in an outpatient clinic and a hospital in a small city. The process which we used to construct the system
would be a good reference for a treatment protocol in the case of a future literal pandemic.
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