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Diarrhea as a Minor Adverse Effect Due to Oral Polio Vaccine
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SUMMARY: Using the adverse events monitoring system of Japan, we observed diarrhea cases in approxi-
mately 10% of patients who received oral poliovirus vaccine (OPV). This study was conducted to investigate
whether diarrhea among children aged 0 to 1 is caused by OPV or by other factors such contact at the doctor’s
office and/or with others outside the home. We conducted a survey of the health of children after regular health
check-ups and after the administration of the OPV. The data from the health check-ups were used as a control for
the OPV case group. We compared the first-OPV dose vaccination group as well as the second-OPV dose vaccina-
tion group to the health check-up group. For cases of diarrhea, the odds ratio of the OPV group to the health
check-up group was 1.776. Our findings strongly suggest that post-OPV cases of mild diarrhea are closely

related to the administration of the OPV.

Oral poliovirus vaccine (OPV) is a highly effective vaccine
for the prevention of poliomyelitis and is recognized as very
safe vaccine with almost no major severe adverse side-effects,
with the exception of rare cases of vaccine-associated para-
lytic poliomyelitis (VAPP) due to the administration of live
poliovirus vaccines. On the other hand, minor adverse
effects, especially diarrhea, have been noted in a clinical
process report (1). In Japan, the Ministry of Health, Labour
and Welfare requested a report of health status after routine
vaccination during a given period every year in order to moni-
tor adverse effects resulting from the vaccination (2,3). As
many as 8,000 children are monitored for 1 month after
receiving the poliovirus vaccination. Among those, diarrhea
is reported for approximately 10% at 1-3 days post-OPV
administration.

However, since no statistical analyses including a control
group have been included in such reports, it has not yet been
established whether diarrhea is indeed caused by the OPV or
by other factors such as contact during a doctor’s visit or
contact with others. Nevertheless, the reported symptoms have
been mild and therefore have not influenced the vaccination
policy itself. Some caregivers in Japan remain concerned
about even these mild adverse effects, and very often doctors
are asked about a possible relationship between the onset of
diarrhea and the administration of the OPV. Thus, we exam-
ined the issue in more detail in order to clarify whether or not
diarrhea is indeed an adverse effect of the OPV (4).

In order to compare the health status of children who
received a check-up only with that of those who received a
first or second dose of the OPV, we asked parents to monitor
their child’s health after a visit to the doctor for a health check-
up and to monitor the child’s status post-OPV; the same ques-

*Corresponding author: Mailing address: Infectious Disease Sur-
veillance Center, National Institute of Infectious Diseases, Toyama
1-23-1, Shinjuku-ku, Tokyo 162-8640, Japan. Tel: +81-3-5285-
1111, Fax: +81-3-5285-1129, E-mail: tammy@nih.go.jp

tionnaire was used in both cases.

We conducted the survey in six cities (Sakai, Kanazawa,
Adachi, Bunkyo, Matsuyama, and Echizen) from November
2005 to March 2006. In these cities, the OPV was delivered
via group vaccination. We asked the parents of children who
received the OPV or who underwent health check-ups to
monitor their children for 2 weeks. The reports were recorded
on postcards; 8,700 cards were sent to the OPV group, and
4,130 cards to the health check-up group. The details of this
survey are summarized in Table 1.

For the purpose of comparison, the questionnaire was
designed to be similar to the post-vaccination health survey
conducted by the Ministry of Health, Labour and Welfare.
Questions included those regarding the date of fever onset,
convulsions, vomiting, diarrhea, and other symptoms.

We excluded those children for whom the observational
period was shorter than 2 weeks, those who were more than
3 years old, and those for whom complete relevant informa-
tion was not provided or available. Moreover, the observa-
tion period for children in the health check-up group who
recetved any vaccination within the 2-week period was ended
on the day before the vaccination was received.

We adopted three analytical methods. First, we compared

Table 1. Number of postcards sent and rate of returned postcards
by area

OPV group Health check-up group
No. of post- Rate of returned  No. of post- Rate of returned
cards sent  postcards (%)  cardssent  postcards (%)
Sakai 1,400 4436 1,400 35.79
Kanazawa 1,200 55.50 1,200 24.67
Adachi 5,500 41.24 1,000 29.50
Matsuyama 0 360 3833
Echizen 0 50 58.00
Bunkyo 600 46.00 120 40.00
8,700 44.03 4,130 31.65
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the incidence rate for each day among the two groups. Second,
we estimated the survival function (i.e., the rate of children
showing no symptoms in the two groups), and we determined
by log-rank test and Wilcoxon’s test the null hypothesis show-
ing that the two lines representing the two groups would be
identical. Third, when there was a significant difference be-
tween the characteristics of the two groups, we estimated the
incidence rate of the two groups using Cox’s proportional
hazard model controlling for differences in characteristics
among the two groups, and thus we tested for the potential
effects of vaccination. In our estimation, the following explana-
tory variables were used: vaccination status, age classifica-
tion, gender, and geographical region. We also examined the
first-dose vaccination group versus the health check-up group
as well as the second-dose vaccination group versus the health
check-up group, and all available samples were included in
the analysis.

Table 1 shows the number of returned postcards with the
rate of return. A total of 3,831 records were received for the
OPV group, and thus the rate of return was approximately
44.0%. For those in the health check-up group, we received
1,307 records, and thus the latter rate of return was approxi-
mately 31.7%. The rates of return for each city were as fol-
lows: 40.1% for Sakai, 40.1% for Kanazawa, 39.4% for
Adachi, 38.3% for Matsuyama, 58.0% for Echizen, and 45.0%
for Bunkyo.

Table 2 summarizes the descriptive statistics. There ap-
pears to have been no gender bias in either group, and we
confirmed this using a ¢ test (where probability under the null
hypothesis = 0.421). Conversely, we found a significant dif-
ference in age (probability under the null hypothesis <0.0005).
Therefore, to the need to control for the effect of age was
established.

The survival function for those lacking symptoms and the
95% confidence interval (CI) for the two groups were calcu-
lated for the following symptoms: fever (Fig. 1), vomiting
(Fig. 2), and diarrhea (Fig. 3). The statistical test for these
survival functions indicates that there was a significant
difference among the two groups only in the category of
diarrhea.

We also calculated the survival function of those showing
no symptoms according to each dose of OPV, i.e,, for the
first dose (Fig. 4) as well as the second dose (Fig. 5).

Table 3 shows the estimated results of Cox’s proportional
hazard model for diarrhea. The estimated numbers of each
variable represent the odds ratio comparisons with a default
status, i.e., a 3- to 5-month-old boy in Sakai who was seen
for a health check-up. We found that for diarrhea, the odds

Table 2. Descriptive statistics

Total OPV group  Health check-up group
(n=4,794) (n=3,579) (n=1,215)
N (%) N (%) N (%)
Gender Male 2,406 (50.19) 1,809 (50.54) 597 (49.14)
Female 2,388 (49.81) 1,770 (49.46) 618 (50.86)
Age 3-5m 777(1621) 171 (4.78) 606 (49.88)
6-8m 872 (18.19)  865(24.17) 7(0.58)
9-11m  864(18.02)  843(23.55) 21 (1.73)
ly 2,145 (44.74) 1,565 (43.73) 580 (47.74)
2y 136 (2.84) 135(3.77) 1(0.08)

“N” denotes the number of samples in the below analysis. Probability
for ¢ test under the null hypothesis that gender distributions are the same
in the two groups is 0.421. Conversely, probability for ¢ test for equal
average age is less than 0.0005.

ratio of the OPV group compared to the health check-up group
was 1.776 (95% Cl, 1.274-2.476). We also estimated Cox’s
proportional hazard model by each symptom.

There were no statistical differences in terms of the inci-
dence of fever, convulsions, or vomiting among the OPV and
health check-up groups; thus children in both groups showed
similar incidence rates. However, the OPV group had a statis-
tically significant higher incidence of diarrhea than the health
check-up group. Since diarrhea appears to be rare in wild-
type poliovirus-infected patients, post-OPV diarrhea has been
considered to be either a coincidental event or caused by

g Health Check
Up Group

{85%Cl of
Health Check
Up Group)

0.95

0.9
——&—Vaccination
Group

"""" {95%Cl of
Vaceination
Group)

085 |

08

P S S S S S G SO S S S S S
1 2 3 4 6§ 6 7 8 8 10 it 12 13 14
Onset date after vaccination/health check up

Probability
tog-rank test 0,205
Witconon test 0172

Fig. 1. Survival function for fever.

—#—Health Check
Up Group

(35%CI of
Health Check
Up Group)

09

st Vg cination
Group

-+~ (95%Cl of
Vaccination
Group)

0.85

08 PO ST SO S G VY S TP S S U W
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Onset date after vaccination/health check up
Probability
log-rank test 0144
Wilconon test 0.t41
Fig. 2. Survival function for vomiting.

—#—Health Check
Up Group

(35%C] of
Health Check
Up Group)

095 b X

09
et Ve cination
Group

"""" (8596Cl of
Vaccination
Group)

085

0.8

12 3 4 5 6 1 8 9 10 1Y 12 13 14

Onset date after vaccination/health check up
Probability
fog-rank test 0.000

Witcoxon test 0,000

Fig. 3. Survival function for diarrhea.

—474—



45 r

35 7 W Fever
o Vomiting!
(] Diarrhea

25 r

15

05

o 1 2 3 4 5 6 7 8 9 10 11t 12 13 14
Onset date after first doze
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Fig. 5. Onset date for fever, vomiting, and diarrhea after second dose
of polio vaccination.

contact during a visit to a doctor and/or with other people.
Our results show a statistically significant higher incidence
rate in the OPV group, and thus clearly refutes previous
assumptions. However, it remains unclear whether or not the
present cases of diarrthea were caused by the virus itself in
the OPV or by another component of the vaccine.

Another potential explanation could be the use of different
inclusion criteria for the vaccination and health check-up
groups. Namely, parents may be more sensitive to adverse
effects after a vaccination than they are after a regular health
check-up, and thus they may be more vigilant about their
children’s health and in turn adopt a lower threshold for
reporting certain symptoms. In this survey, we did not ask
participants about the severity of symptoms, and aside from
body temperature, no information was collected via objec-
tive measures. Moreover, it is quite difficult to comparatively
evaluate the care with which parents assess a child’s health
status. Therefore, sensitivity may have differed among the
two groups. A double-blind test using a placebo vaccine with-

Table 3. Estimation result of Cox’s proportional hazard model for diarrhea

Odds ratio  Probability  95% confidence interval
oPV 1.776 0.001 1.274-2.476
6-8 m 1.782 0.006 1.181-2.688
9-1I' m 1.991 0.001 1.325-2.991
ly 1.491 0.035 1.028-2.164
2y 1.074 0.836 0.546-2.113
Female 1.015 0.866 0.858-1.200
Kanazawa 1.057 0.704 0.793-1.409
Adachi 1.158 0.232 0.910-1.474
Matsuyama 1.555 0.178 0.818-2.955
Echizen 3.036 0.013 1.265-7.286
Bunkyo 0.992 0.969 0.669-1.471
First-OPV dose 1.903 0.002 1.273-2.844
6-8 m 1.666 0.022 1.077-2.576
9-11 m 2.037 0.001 1.316-3.152
ly 1.519 0.04 1.019-2.264
2y 1.750 0.446 0.415-7.383
Female 1.182 0.118 0.958-1.457
Kanazawa 0.706 0.067 0.486-1.025
Adachi 1.113 0.48 0.827-1.498
Matsuyama 1.371 0.341 0.716-2.624
Echizen 2.726 0.03 1.103-6.737
Bunkyo 0.820 0.445 0.492-1.365
Second-OPV dose 1.701 0.007 1.155-2.505
9-1lm 1.413 0.323 0.712-2.805
ly 1.744 0.029 1.059-2.869
2y 1.149 0.736 0.512-2.58
Female 0.861 0.229 0.674-1.099
Kanazawa 1.413 0.077 0.963-2.074
Adachi 1.084 0.652 0.763-1.541
Matsuyama 1.560 0.191 0.801-3.04
Echizen 4.603 0.002 1.791-11.835
Bunkyo 1.132 0.665 0.646-1.983

out the live poliovirus would be needed to overcome this
limitation of the analysis. However, as previously indicated
(5), such a study would require clearance by an ethics board,
would be difficult to carry out, and its benefit might remain
limited.
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Abstract We aimed to detect causative pathogens in
cerebrospinal fluid (CSF) collected from patients diagnosed
with bacterial meningitis by real-time polymerase chain
reaction (PCR). In addition to Streptococcus pneumoniae,
Haemophilus influenzae, and Mycoplasma pneumoniae
described previously, five other pathogens, Neisseria men-
ingitidis, Escherichia coli, Streptococcus agalactiae, Staphy-
lococcus aureus, and Listeria monocytogenes, were targeted,
based on a large-scale surveillance in Japan. Results in CSF
from neonates and children (n = 150), and from adults
(n = 18) analyzed by real-time PCR with molecular beacon
probes were compared with those of conventional culturing.
The total time from DNA extraction from CSF to PCR
analysis was 1.5 h. The limit of detection for these patho-
gens ranged from 5 copies to 28 copies per tube. Nonspecific
positive reactions were not recognized for 37 microorgan-
isms in clinical isolates as a negative control. The pathogens
were detected in 72.0% of the samples by real-time PCR,
but in only 48.2% by culture, although the microorganisms
were completely concordant. With the real-time PCR, the
detection rate of H. influenzae from CSF was high, at452%,
followed by S. pneumoniae (21.4%), S. agalactiae (2.4%),
E. coli (1.8%), L. monocytogenes (0.6%), and M. pneu-
monige (0.6%). The detection rate with PCR was
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significantly better than that with cultures in patients with
antibiotic administration (x* = 18.3182; P = 0.0000). In con-
clusion, detection with real-time PCR is useful for rapidly
identifying the causative pathogens of meningitis and for
examining the clinical course of chemotherapy.

Key words Real-time PCR - Bacterial meningitis - cerebro-
spinal fluid(CSF) - Neonate - Adult

Introduction

Bacterial meningitis is a serious and sometimes fatal infec-
tion in both children and adults. The main causative patho-
gens are S. pneumoniae, Haemophilus influenzae type b
(Hib), and Neisseria meningitidis.'

The incidence rate and causative pathogens of meningi-
tis vary in various countries due to different social back-
grounds. These are heavily affected by: (i) the availability
of vaccination against Hib and S. pneumoniae, (ii) the avail-
ability of a medical insurance system, and (iii) the hygienic
and sanitary conditions of each country.

In addition to the introduction of the Hib vaccine in
1987,* developed countries in Europe, as well as United
States, implemented vaccination with a 7-valent pneumo-
coccal conjugate vaccine (7PCV) against pneumococci in
2000-2001.*¢ In these countries, the number of meningitis
cases due to Hib has decreased dramatically™® and the
number of cases of invasive pneumococcal disease has been
decreasing gradually.*’ "

In Japan, on the other hand, the incidence rate of bacte-
rial meningitis is estimated to be between 10 and 13 per
100000 in children aged less than S years." According to
the 2005 and 2006 large-scale surveillance carried out by
Sunakawa et al.,”” 55% of these cases were caused by Hib
and 19.5% by S. pneumoniae. For meningitis in neonates
and infants aged 3 months or less, Escherichia coli (2.5%)
and S. agalactiae (7.7%) were the dominant pathogens.

Among these causative pathogens, the resistance of Hib
and 8. prneumoniae to therapeutic antibiotics has rapidly
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increased from about 2000 and has became a topic of con-
troversy in the clinic.®"® B-Lactamase-nonproducing ampi-
cillin-resistance (BLNAR) Hib accounts for 40% of these
cases, and 35% of S. pneumoniae cases were penicillin-resis-
tant S. pneumoniae (PRSP) in 2007. The resistance mecha-
nism in BLNAR originated from some mutations of the fts/
gene, encoding penicillin-binding protein 3, that mediate
septal peptidoglycan synthesis."”

In 2007, Hib vaccination was finally approved by the
government in Japan, but approval has not yet been granted
for 7PCV. Considering this situation, it is desirable to create
rapid detection methods for causative pathogens in patients
diagnosed with meningitis, to allow for the proper selection
of chemotherapeutic agents.

Multiplex real-time PCR for simultaneously detecting
S. pneumoniae, Hib, and N. meningitidis was previously
reported by Corless et al.'® In addition to these pathogens,
a single identification system for S. agalactiae® and Myco-
bacterium tuberculosis® has been described, but a detection
system that covers bacterial meningitis in neonates to adults
has not been developed yet.

In the present study, we aimed to develop a real-time
PCR that could simultaneously detect eight pathogens;
namely, in addition to S. preumoniae, H. influenzae, and N.
meningitides, E. coli, S. agalactiae, and Staphylococcus
aureus, which are the major causative pathogens in neonatal
meningitis; and Listeria monocytogenes and Mycoplasma
pneumoniae, which are rarely the causative pathogens.

We report an identification system using real-time PCR
with pathogen-specific molecular beacon (MB) probes and
primers for eight meningitis pathogens; we also describe the
results when applied to cerebrospinal fluid (CSF) assay,
together with the results of conventional culturing.

Methods

Clinical samples

A total of 168 CSF samples collected from patients who
were diagnosed with bacterial meningitis, based on clinical
symptoms, CSF findings, and blood examination testing,
were sent to our laboratory for bacterial identification from
doctors belonging to medical institutions throughout Japan
from January 2005 to December 2007. These samples were
transported under frozen conditions at —20°C within 24 h
of collection. For CSF collection and examination from
patients, informed consent was obtained by the doctors in
attendance from the parents or the responsible family
members.

Bacterial culture and DNA extraction

Upon arrival at our laboratory, the CSF samples were
thawed and immediately centrifuged at 10000 rpm for
10 min at 4°C.

From a total 150 pL of sediment, 10 pL. of each sample
was inoculated onto sheep blood agar and chocolate II agar

93

(Nippon Becton Dickinson, Tokyo, Japan). These plates
were then incubated overnight at 37°C in an atmosphere of
5% CO,. On the following day, if bacterial growth was
observed on the plates, the colonies were identified by the
standard methods™ and also their antibiotic susceptibilities
were measured.”

DNA extraction from 100 pL of the sediment was imme-
diately carried out by using an EXTRAGEN II kit (Tosoh,
Tokyo, Japan).” Finally, the harvested DNA pellet was
resuspended in 40 uL of DNase- and RNase-free H,0O. The
time required for the DNA extraction process was within
15 min.

Real-time PCR for bacterial detection

The following eight bacterial pathogens were subjected to
the real-time PCR analyses: E. coli, L. monocytogenes, N.
meningitidis, S. agalactiae, S. aureus, S. pneumoniae, H.
influenzae, and M. pneumoniae.

Oligonucleotide primers and MB probes were designed
using Beacon Designer 2.0 Software (Premier Biosoft Inter-
national, Palo Alto, CA, USA). The primers, MB probes,
target genes, and amplicon sizes (bp) for the eight patho-
gens are shown in Table 1.

The eight pathogens were grouped in pairs and
they were analyzed simultaneously with four tubes. Their
combinations were as follows: S. prneumoniae (a) and H.
influenzae (b) in tube A, E. coli (a) and S. agalactiae (b) in
tube B, N. meningitidis (a) and L. monocytogenes (b) in
tube C, and M. pneumoniae (a) and S. aureus (b) in tube D.
The MB probes for detecting pathogens marked (a) were
labeled with fluorescent dye, 6-carboxy-2',4,4',5',7,7"-hexa-
chloroffuorescein (HEX), at the 5-terminal, whereas those
marked (b) were labeled with 6-carboxyfluorescein (FAM).
All MB probes were labeled with black hole quencher 1
(BHQ-1) at the 3'-terminal.

The PCR reaction mixture consisted of: (i) 25 uL of
2xReal-time PCR Master Mix (Toyobo, Tokyo, Japan), (ii)
0.2 uM of each primer, and (iii) 0.3 uM of each MB probe,
and the final volume of the mixture was adjusted to 50 pulL
by the addition of DNase- and RNAase-free H,0. Four
reaction mixtures were pipetted into four wells of six-tube
strip, and two of the remaining wells were used as positive
and negative controls. The strip was filled with reaction
reagents and stored at —30°C until used. The frozen PCR
reagent, when it was used for assays, was thawed on ice and
2 uL of each DNA sample from CSF was added to each
well.

After that, real-time PCR was performed immediately
with Stratagene Mx3000P (Stratagene, La Jolla, CA, USA).
The PCR conditions were as follows: an initial DNA dena-
turation step of 95°C for 30 s, followed by 40 cycles of 95°C
for 15 5,50°C for 30 s and 75°C for 20 s, and at 75°C for 30's,
successively. S. pneumoniae chromosomal DNA was used
in each assay as a positive control.

The time required for the whole process from DNA
extraction to the end of the real-time PCR operation was
1.5h.
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Sensitivity and specificity of real-time PCR

The sensitivity of the present real-time PCR procedure was
determined for the five pathogens: E. coli, L. monocyto-
genes, N. meningitidis, S. agalactiae, and S. aureus. The sen-
sitivity for S. pnewmoniae, H. influenzae, and M. pneumoniae
had already been examined in our previous study.” The
procedure was performed with three strains each from the
five species by tenfold serial dilutions of bacterial cells from
10° to 10°mL.

The specificity of the MB probes and primers was tested
with 37 Gram-positive and -negative microorganisms in
clinical isolates in addition to the eight targeted bacteria.
The species are listed in Table 2.

Results
Sensitivity and specificity of real-time PCR

The threshold cycle (Ct) value for a positive result was
defined as the point at which the horizontal threshold line
was crossed. The sensitivities of the real-time PCR assay for
the five pathogens, E. coli, L. monocytogenes, N. meningiti-
dis, S. agalactiae, and S. aureus, are shown in Table 3. The
limits of detection per reaction tube were 2 DNA copies for

Table 2. Specificity panel: amplification-negative-control organisms

Genus Species

S. dysagalactiae subsp. equisimilis, S. mitis, S. milleri,
S. salibarius, S. oralis, S. mutans, S. sanguis, S. bovis

Streptococcus

Enterococcus  E. faecalis, E. faecium, E. avium
Staphylococcus  S. epidermidis, S. haemolyticus
Moraxella M. catarrhalis

Haemophilus  H. parainfluenzae, H. haemolyticus
Pseudomonas P, aeruginosa

Klebsiella K. pneumoniae, K. oxytoca
Pantoea P, agglomerans

Proteus P. mirabilis

Serratia S. marcescens

Acinetobacter  A. calcoaceticus

Enterobacter E. cloacae

Citrobacter C. freundii

Mycoplasma M. orale, M. hominis, M. salivarium
Cryptococcus  C. neoformans

Table 3. Sensitivities for six pathogens identified by real-time PCR
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E. coli, 16 copies for L. monocytogenes, 2 copies for N.
meningitidis, 28 copies for S. agalactiae, and 14 copies for
S. aureus. A significant correlation was found between the
tenfold diluted bacterial cell counts and the Ct values,
ranging from v = 0.9709 in L. monocytogenes to y = 0.9989
in N. meningitidis.

Although details of the results are not shown here, the
sensitivities of the remaining three pathogens have previ-
ously been revealed to be two DNA copies for S. pneu-
moniae, ten copies for H. influenzae, and five copies for
M. pneumoniae.”

The specificities of the 5-MB probe and primer sets were
examined for 37 Gram-positive and -negative microorgan-
isms selected from clinical strains as negative controls. Non-
specific positive reactions were undetectable after 40 cycles
in the present real-time PCR procedure.

Comparisons of results between real-time PCR and
bacterial culture

Table 4 shows the details of the causative pathogens identi-
fied by real-time PCR and those confirmed by culturing
from the CSF samples (n = 168) sent to our laboratory.

Among the real-time PCR-positive cases, H. influenzae
was detected at the highest incidence of 76 cases (45.2%),
followed by S. pneumoniae in 36 cases (21.4%), S. agalactiae
in 4 cases (2.4%), E. coli in 3 cases (1.8%), and L. mono-
cytogenes (0.6%) and M. pneumoniae (0.6%) in 1 case each.
There were no positive cases of N. meningitidis or S. aureus
identified during the study periods.

For bacterial culturing, H. influenzae was isolated in
48 cases (28.6%), S. pneumoniae in 27 cases {(16.1%), S.
agalactiae in 2 cases (1.2%), E. coli in 3 cases (1.8%), and
L. monocytogenes in 1 case (0.6%).

Ultimately, the causative pathogens were determined in
as many as 72.0% of all samples by real-time PCR, but in
only 48.2% by bacterial culturing. The microorganisms
obtained by bacterial culture and by real-time PCR showed
complete concordance. The sensitivity and specificity of the
real-time PCR were calculated as 100% and 54.0%, respec-
tively. However, this specificity does not reflect the true
percentage, because in many cases with a negative culture
an antibiotic had been prescribed before the bacterial
cultivation of the CSF.

No. of DNA copies/50 uL Threshold cycle (Ct)

of reaction tube

E. coli L. monocytogenes N. meningitidis S. agalactiae S. aureus
10° 18 21 16 26 26
10* 21 24 20 29 28
10° 25 28 24 33 31
10 28 31 27 36 34
10 31 >40 31 >40 >40
Correlation coefficient® 0.9987 0.9709 0.9989 0.9988 0.9783

*Each value was calculated between the 10 fold diluted bacterial calls and the Ct values
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Table 4. Causative pathogens identified by real-time PCR and by culture of the CSF samples (n = 168)

Causative pathogen PCR (%)

Culture (%)

No. of positive (%)

subtotal (%)

No. of positive (%) subtotal (%)

S. pneumoniae 36 (21.4) 121 (72.0) 27 (16.1) 81 (48.2)
H. influenzae 76 (45.2) 48 (28.6)

S. agalactiae 4(24) 2(1.2)

E. coli 3(1.8) 3(1.8)

L. monocytogenes 1 (0.6) 1(0.6)

M. pneumoniae 1 (0.6) 0

Not detected 47 (28.0) 87 (51.8)

*Sensitivity and specificity of the real-time PCR was calculated 100% and 54.0%, respectively; PCR and culture both positive (n = 81), PCR
and culture both negative (n = 47), PCR negative and culture positive (n = 0), PCR positive and culture negative (n = 40)

Table 5. Relationship between positive identification of pathogens in meningitis by real-time PCR and age of the patients

Causative pathogen  n* Pediatrics (n = 106) Subtotal  Adults (n=15) Subtotal
<3m 4-11lm 1ty 2y 3y 4y 5-17y 1834y 3549y 50-64y >65y

positive case

S. pneumoniae 36 2 6 3 2 3 1 5 22 1 3 6 4 14

H. influenzae 76 3 34 14 7 9 4 5 76

S. agalactiae 4 3 3 1 1

E. coli 3 2 1 3

L. monocytogenes 1 1 1

M. pneumoniae 1 1 1

Subtotal 121 10 41 18 9 12 5 11 106 1 4 6 4 15
negative case 47 11 13 2 1 1 1 15 44 1 1 1 3

*Number of real-time PCR positive case

Relationship between real-time PCR-positivity and age of
the patients

The relationship between positive identification of patho-
gens by real-time PCR and the age of the meningitis patients
is shown in Table 5.

Among pediatric patients aged 17 years or less, a patho-
gen was suspected in 106 patients (70.7%) by real-time
PCR. Five of the 6 patients in whom the pathogen was sus-
pected to be either E. coli or S. agalactiae were neonates
and infants aged 3 months or less. For patients aged between
4 months and 17 years, H. influenzae and S. pneumoniae
were the major pathogens.

Among adult meningitis patients aged 18 years or more,
15 cases (83.3%) were real-time PCR-positive, and most of
them were caused by S. pneumoniae, with the exception of
1 case caused by S. agalactiae.

Influence of prior antibiotic use

The relationship between a history of antibiotic use prior
to CSF collection and the pathogen-positive rate by real-
time PCR or culturing was analyzed in 115 patients for
whom a history of antibiotic use could be accurately fol-
lowed up.

As shown in Fig. 1, 62 patients (53.9%) had received
antibiotics prior to hospital admission. Fifteen patients had
received an injection and 47 patients had been treated by
oral administration. In these 62 patients, the causative

pathogens were identified by culturing in only 18 patients
(29.0%) and by real-time PCR in 36 patients (58.1%).

In the 53 patients without a history of antibiotic admin-
istration, causative pathogens were detected by culturing in
37 patients (69.8%) and by real-time PCR in 47 patients
(88.7%).

Regarding the detection rate of causative pathogens,
real-time PCR was significantly better than culturing
both in patients with antibiotic administration (y’ = 18.3182;
P = 0.0000) and those without antibiotic administration
(3% = 12.1338; P = 0.0005) prior to the evaluation.

Of the 32 patients for whom a causative pathogen was
not detected by either culturing or real-time PCR, 26
patients (81.3%) had previously received antibiotics.

Discussion

In bacterial meningitis, rapid and accurate diagnosis is
essential for the appropriate selection of chemotherapeutic
agents to be used against the putative pathogens in a timely
manner. Causative pathogens in such patients are usually
estimated by Gram staining or agglutination testing of CSF
upon hospitalization. We frequently encounter patients,
however, in whom it is difficult to estimate the causative
pathogen due to previous treatment with an antibacterial
agent.

Considering such a situation, studies applying real-time
PCR, which is becoming more advanced, have been reported
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Fig. 1. Influence of prior antibiotics on the detection of causative pathogens by real-time PCR or culturing

for the detection of causative pathogens in meningitis.'****

In particular, multiplex real-time PCR, for the identification
of three bacterial species, S. pneumoniae, H. influenzae, and
N. meningitidis, is noteworthy." This technique is beneficial
for the rapid identification of a causative pathogen with
high sensitivity and specificity.

Distributions of causative pathogens of meningitis and
their mortality rates vary significantly among countries,
however, owing to different levels of infrastructure devel-
opment,such as the availability of vaccination and a medical
insurance system, and the hygienic and sanitary conditions
in each country.

According to a recent large-scale survey conducted in
Japan,” S. agalactiae and E. coli are the most dominant
pathogens for meningitis in infants aged 3 months or less,
and only rarely is meningitis caused by S. aureus or the
Enterobacteriaceae family. In contrast, Hib (55%) and S.
pneumoniae (19.5%) are reported to be the major causative
pathogens in meningitis cases in children aged 4 months or
more, followed by L. monocytogenes, N. meningitidis,
Gram-negative bacilli, and some other bacterial species.
This high dominance of Hib as a causative pathogen reflects
the situation in Japan that the Hib vaccine had not been
approved by the Ministry of Health, Labor and Welfare
until 2007.

Based on the frequencies of these meningitis pathogens,
as described above, we aimed to develop a real-time
PCR that could also be suitable for identifying suspected
meningitis pathogens in infants. Although this real-time
PCR is limited to the detection of eight causative patho-

gens, we designed it to assay two different bacterial species
simultaneously in one tube to avoid decreasing the sensitiv-
ity of the species. In 98.3% of cases with a positive real-time
PCR result the pathogen could be detected using two reac-
tion tubes, tube A for S. pneumoniae and H. influenzae, and
tube B for E. coli and S. agalactiae.

Additionally, as described in the “Results” section, the
detection rate of the real-time PCR was significantly higher,
at 72.0% of all 168 CSF samples, compared with that of
culturing, at 48.2%. These performance results of real-time
PCR can be considered satisfactory for the detection of
causative pathogens in cases diagnosed as bacterial
meningitis.

Although the results are not shown here, a second-stage
PCR assay was performed to detect antibiotic resistance
genes, using the remaining DNA samples obtained from
CSF, when H. influenzae or S. pneumoniae was suspected
as the causative pathogen. More specifically, the assay for
H. influenzae aimed to detect the P-lactamase gene, PBP3
gene, to identify BLNAR and capsule type b.”’ In cases
where S. pneumoniae was suspected, the presence or
absence of an abnormality in each of three genes encoding
PBP1A, PBP2X, and PBP2B, which affect a decrease in -
lactam susceptibility, was investigated.™

As we previously reported, the antibiotic susceptibility
of causative pathogens can be estimated by the 90%
minimum inhibitory concentration (MICy) values once the
resistance genes are revealed, because MICy, is statistically
calculated based on the relationship between gene muta-
tions and antibiotic susceptibility.”*° The time required for
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identifying resistance genes is 3.0 h, including the initial
1.5 h for the process from receiving the samples to detecting
the causative pathogen by the real-time PCR. The ability to
reveal resistance genes is hugely beneficial when determin-
ing the appropriateness of an antibiotic.

According to the Practice guidelines for bacterial menin-
gitis,”* which were published in consideration of the current
situation of bacterial resistance in Japan, the carbapenem
antibiotic, panipenem, is recommended for PRSP meningi-
tis, whereas the concomitant use of meropenem and either
cefotaxime or ceftriaxone is preferred for Hib meningitis.

In the future, diagnosis by the real-time PCR presented
in this article also seems promising for the treatment of
severe invasive infections in addition to meningitis.
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Streptococcus agalactiae isolates (n = 189) from patients with invasive infections were analyzed for capsular
type by PCR, for antimicrobial susceptibility, and for the presence of resistance genes. In contrast to the
predominance of capsular type III in children, types Ib and V were most common among adults. All 45
levofloxacin-resistant strains had two amino acid substitutions, Serg,Leu in the gyr4 gene and Ser,,Phe in the
parC gene, and showed similar pulsed-field gel electrophoresis patterns.

Streptococcus agalactiae (a group B streptococcus {GBS]) is
the main microorganism causing meningitis and sepsis in in-
fants and also sepsis in nonpregnant adults (12, 14).

GBS infection in infants is classified as early onset, occurring
in newborns within the first week of life, or late onset, devel-
oping in infants more than 1 week old, with most infections
arising in the first 3 months and only extremely rarely in older
infants (18). In the 1970s, morbidity and mortality from these
GBS infections were high (3, 4, 9). In 1996, however, recom-
mendations for the prevention of perinatal GBS infection were
issued by the American College of Obstetricians and Gynecol-
ogists (2), the Centers for Disease Control and Prevention (7),
and later also the American Academy of Pediatrics (1). As a
result, preventive efforts increased and the incidence of early-
onset disease decreased substantially (6, 23). A more detailed
revised guideline, based on prenatal bacterial cultures and
epidemiologic studies, was recommended in 2002 (17).

Recently, Phares et al. (15) reported on a 7-year epidemio-
logic survey of invasive GBS disease in the United States that
demonstrated a significant decline in the incidence of early-
onset disease in infants, contrasting with an increase in GBS
disease among adults =65 years old.

In the present paper, we describe details concerning patient
age, disease, and underlying diseases associated with invasive
GBS infection, as well as the capsular types, antimicrobial
susceptibilities, and resistance genes of isolates in Japan.

Between August 2006 and July 2007, our laboratory received

* Corresponding author. Mailing address: Laboratory of Molecular
Epidemiology for Infectious Agents, Graduate School of Infection
Control Sciences, Kitasato University, 5-9-1 Shirokane, Minato-ku,
Tokyo 108-8641, Japan. Phone: 81-3-5791-6385. Fax: 81-3-5791-6386.
E-mail: ubukatak@lisci kitasato-u.ac.jp.

¥ Published ahead of print on 30 March 2009.

189 GBS strains from the bacteriologic laboratories of 97 med-
ical institutions participating in the Invasive Streptococcal Dis-
ease Working Group at the 19th Annual Meeting of the Jap-
anese Society for Clinical Microbiology. All isolates were from
sterile sites: blood (n = 124), cerebrospinal fluid (n = 54),
pustule fluid (n = 7), joint fluid (» = 3), and tissue (n = 1).

To identify the capsular type of GBS by PCR, we used nine
sets of primers from types Ia to VIII as reported by Poyart et
al. (16). We also applied our newly designed dltS primers for
the identification of GBS (Table 1).

One colony was picked up from each agar plate and placed
in 30 ! of lysis solution containing 1 U of mutanolysin. The

TABLE 1. Primers for PCR and sequencing for FQ resistance
in S. agalactiae

Gene and o Length  Amplicon
primer Sequence (5'-3') (mer)  size (bp)

ditS
dits-F  CTGTAAGTCTTTATCTTTCTCG 22 199
dits-R ~ TCCATTCGCTTAGTCTCC 18

grA
gyrA-F  GGTTTAAAACCTGTTCATCGTCGT 24 407
gyrA-R  GCAATACCAGTTGCACCATTGACT 24

grB
gyrB-F CGAAGCTTTCAATCGATTCCTATT 24 495
gyrB-R  GGTCGCATAAAACGATAAATCAGAG 25

parC
parC-F  CCGGATATTCGTGATGGCTT 20 403
parC-R  TGACTAAAAGATTGGGAAAGGC 22

parE
parE-F  GCAAAGCAACTTCGATATGAAATTC 25 368
parE-R  CGGAGCTATTTACAGACAACGTTTT 25
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TABLE 2. Correlation of capsular types of strains with 189 invasive GBS infections

Patient group

Capsular type (no. of cases)

f . Total
and infection Ia b 1 it v v VI VIl VIII
Children
Meningitis 3 5 39 3 50 (76.9)
Sepsis 5 2 2 5 14 (21.5)
Other 1 1(1.5)
Subtotal 8 (12.3) 8(12.3) 2(3.1) 44 (67.6) 3 (4.6) 65 (100)
Adults
Meningitis 1 1 2 4 (0.8)
Sepsis 9 31 12 6 20 6 1 8 93 (75.0)
Other 2 7 2 7 3 3 3 27 (21.8)
Subtotal 11 (8.9) 39(315)  15(121)  15(121) 23(185)  9(73)  1(08)  11(89)  124(100)

¢ Values in parentheses are percentages.

lytic reaction was carried out for 20 min at 60°C, followed by 5
min at 94°C. The lysate was added to each of five tubes con-
taining PCR mixtures for individual capsular types: types Ia
and Ib in tube A, types II and III in tube B, types IV and ditS
in tube C, types V and VIL in tube D, and types VI and VIII in
tube E. The reaction mixture (25 ul) consisted of 20 pmol of
each primer, 0.625 U of AmpliTag Gold polymerase (Applied
Biosystems, Tokyo, Japan), 2.5 wl of 10X PCR Gold buffer, 2.5
wl of 25 mM MgCl,, 2 pl of a 2 mM deoxynucleotide triphos-
phate mixture, and 16.875 ul of DNase- and RNase-free dis-
tilled water. DNA amplification was carried out with 40 cycles
of 94°C for 1 min, 53°C for 2 min, and 72°C for 2 min.

We measured the antimicrobial susceptibilities of GBS
strains to 14 antibiotics including oral and parenteral agents by
agar plate dilution methods using blood agar.

Three genes for macrolide (ML) resistance, erm(A), erm(B),
and mef(A), were identified with the three sets of primers and
PCR conditions described previously (21).

To identify fluoroquinolone (FQ) resistance, four sets of
primers were designed based on the sequences of the gyrd,
gyrB, parC, and parE genes (Table 1). The PCR mixture (50 wl)
consisted of 20 pmol of each primer, 0.625 U of TaKaRa Ex
Taq polymerase (Takara Bio, Kyoto, Japan), 5 ul of 10X Ex
Taq buffer, 4 pl of the 2.5 mM deoxynucleotide triphosphate
mixture, and 38.25 pl of DNase- and RNase-free distilled wa-
ter. Amplified and purified DNA samples were sequenced with
a BigDye Terminator cycle sequencing kit (version 3.1; Ap-
plied Biosystems, Foster City, CA). The pbp2x gene encoding
the PBP2X enzyme, which mediates septum formation during
cell wall synthesis, was also sequenced with primers reported
previously (11).

We performed pulsed-field gel electrophoresis (PFGE) on
the 45 GBS strains determined to have FQ resistance accord-
ing to mutations in the gyr4 and parC genes. Plug-embedded
GBS cells were lysed with lysozyme (5,000 U/3 ml) and mu-
tanolysin (20 U/ml) at 50°C for 3 h by a modification described
previously (5, 8). Chromosomal DNA was digested at 37°C
for 18 h with Apal (100 U/ml). PFGE was performed with
1% agarose and 0.5X TBE buffer (1X TBE is 90 mM Tris
base, 88 mM boric acid, and 2 mM EDTA) at pulse times of
2.91 to 17.33 s, at an angle of 120°, at 6.0 V/cm, and at 14°C

for 20 h with the CHEF Mapper (Bio-Rad Laboratories,
Hercules, CA).

Table 2 shows relationships between capsular types of GBS
pathogens and diagnoses, separately considering children =17
years old (n = 65) and adults (n = 124). Diseases were clas-
sified into meningitis, sepsis, and other infection groups. In
children including newborns (10.8%) with early-onset disease
and neonates (70.8%) with late-onset disease, capsular type 111
predominated at 67.7%, with small numbers of other types.
Among adults, those at least =50 years old accounted for
83.1% of the cases; capsular type Ib predominated at 31.5%,
followed by V (18.5%), 11 (12.1%), and III (12.1%). In addi-
tion to sepsis (75.0%), a variety of diseases were noted: cellu-
litis, arthritis, necrotizing fasciitis, meningitis, and bacterial
endocarditis. Importantly, 88.7% of the affected adults had
underlying disease such as diabetes, liver dysfunction, or im-
mune compromise. Instances of death and neurologic sequelae
included one of each among children, and eight (6.4%) and
two (1.6%) among adults, respectively.

TABLE 3. Susceptibilities of 189 S. agalactiae isolates to 14
antimicrobial agents

Delivery route and

antibiotic MIC range” MICq* MICyy"
Oral
Penicillin G 0.016-0.125 0.063 0.063
Ampicillin 0.031-0.25 0.125 0.125
Amoxicillin 0.031-0.25 0.063 0.125
Cefdinir 0.016-0.125 0.031 0.063
Cefditoren 0.016-0.063 0.031 0.031
Erythromycin 0.016-=64 0.032 =64
Clarithromycin 0.031-=64 0.125 =64
Clindamycin 0.031-=64 0.063 =64
Levofloxacin 0.5~-=64 2 =64
Intravenous
Cefazolin 0.063-0.5 0.125 0.25
Cefotiam 0.125-2 0.5 0.5
Cefotaxime 0.016-0.125 0.031 0.063
Panipenem 0.008-0.031 0.016 0.031
Meropenem 0.031-0.125 0.063 0.063

“ Values are in micrograms per milliliter.
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TABLE 4. Correlation of capsular types with FQ and ML resistance

Patient group and

No. of strains of serotype:

resistance pattern

Total no. (%)

Ia ib 1 I v \4 Vi vil VIl
Children
FO' 6 6(9.2)
ML [erm(A)] 2 2(3.1
ML' [erm(B)] 1 6 7(10.8)
Susceptible 7 2 2 36 3 50 (76.9)
Subtotal 8 8 2 44 0 0 3 0 0 65
Adults
FQ* 32 1 1 1 35(28.2)
FQ" ML' [erm(A)] 1 1(0.8)
FQF ML [erm(B)] 2 1# 3(24)
ML [erm(B)] 1 4 4 1 10(8.1)
Susceptible 11 5 13 8 19 8 0 11 75 (60.4)
Subtotal 11 39 15 15 0 23 9 1 11 124

% This strain showed three amino acid substitutions in PBP2X. The MICs of ampicillin and cefotiam for the strain were 0.25 and 2.0 pg/ml, respectively.

Table 3 shows the MIC ranges and MICs for 50 and 90% of
the strains tested (MIC;,, and MIC,,, respectively) of oral and
intravenous antibiotics for GBS strains. The MIC range of
B-lactam agents was narrow, and penicillin-resistant strains
were not recognized. Notably, in a strain where cefotiam sus-
ceptibility was reduced to 2 pg/ml, four amino acid substitu-
tions, Gly,eg to Ala, Glny,, to Leu, His,sg to Tyr, and Ileg, to
Val, were identified in the pbp2x gene.

Table 4 shows relationships between ML and FQ resistance
and capsular type, separately considering children and adults.
Of 23 strains showing ML resistance (12.2%), 3 possessed the
erm(A) gene and 20 possessed the erm(B) gene. The M type
was not recognized. ML-resistant strains detected in both chil-
dren and adults were mostly type II, but a few strains showed
other capsular types.

In 45 strains showing high levofloxacin resistance (23.8%),
two amino acid substitutions, Serg, to Leu encoded by the gyr4

. Ib(chid)
£ 1P0 JPO RE R
22 49 35 197 477

e RE RE HE RE
18 440 165 202

. -~ ~ 1B (adult
RE HE RE RE WE 8E RHE RE RE RE RE RE IRE B
228123 249 ;21 391437 388 338 139 383123

gene and Ser,, to Phe encoded by the parC gene, were iden-
tified simultaneously. The capsular type of these strains, in-
cluding six isolated from children, was predominately Ib, which
was observed in 34 strains; other types (I, III, and VI) were
each seen in a few strains.

The PFGE patterns of 45 FQ-resistant strains are shown in
Fig. 1. These strains included 40 strains of type Ib and 5 strains
representing other types. All type Ib strains showed highly
homologous restriction patterns that differed clearly from
those of type II or III strains.

In Japan, the proportion of the elderly population with un-
derlying diseases has increased rapidly. As a consequence,
invasive infections caused not only by GBS, but also S. dysga-
lactiae subsp. equisimilis and S. pneumoniae, are expected to
increase gradually and to become serious problems (19, 20).

The capsular type in isolates from newborns was mostly type

- Wmow
RE HE 'RE RE RE RE RE RE M
138 328 99 38 117 347 450 10,

FI1G. 1. PFGE patterns of levofloxacin-resistant S. agalactiae isolates. Each DNA sample was digested with the Apal restriction enzyme. Lanes

M, lambda ladder.
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111, in agreement with previous results. In most cases involving
adults at least 50 years old, however, type Ib was predominant,
followed by type V. These findings differ from previous epide-
miologic data from the United States; the reason for this dis-
parity is not known.

The percentage of ML resistance was not particularly high
compared with that in other countries. Much attention has
been drawn to the emergence of GBS with reduced suscepti-
bility to penicillin and cephalosporin antibiotics arising from
mutations in the pbp2x gene (11). One of our collected strains
had mutations of the pbp2x gene; this was a type III strain with
multiple-antibiotic resistance to ML and FQ. FQ-resistant
strains have been reported previously (10, 13, 22) but at ex-
tremely low rates. In our results, however, strains resistant only
to FQ accounted for 23.8% of the isolates, and most of these
were type Ib. FQ-resistant GBS from newborns, who had not
been exposed to the agent, showed a PFGE pattern very sim-
ilar to type Ib from adults. The observations suggest that a
single clone acquired FQ resistance and spread rapidly
throughout Japan.

Antimicrobial use in Japan favors oral cephalosporins as the
drugs of first choice for children, while oral FQ and ML, as well
as cephalosporins, are often prescribed for adults. Notably, the
size of individual doses of antimicrobials typically is small in
Japan compared with that in other countries. These factors will
expand the mutant selection window for many pathogens, in-
cluding GBS, and thus may cause an increase in resistant
microorganisms.

To control the emergence of resistant organisms, continuous
molecular epidemiologic surveillance for pathogens is needed.

This study was planned at one of the workshops at the 19th Annual
Meeting of the Japanese Society for Clinical Microbiology, aiming to
determine the molecular epidemiology and clarify background factors
in invasive S. agalactiae infection. We express our thanks to staff mem-
bers at all participating institutions.

This work was supported by a grant under the category Research
Project for Emerging and Re-emerging Infectious Diseases (H-19-002)
from the Japanese Ministry of Health, Labor and Welfare.
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To analyse the characteristics of infections caused by Streptococcus dysgalactiae subsp.
equisimilis, clinical isolates (n=145) were collected at 11 medical institutions between
September 2003 and October 2005. These isolates belonged to Lancefield group A (n=5),
group C (n=18) or group G (n=122). Among all isolates, 42 strains were isolated from sterile
samples such as blood, synovial fluid and tissue specimens from patients who were mostly over
50 years with invasive infections, and included seven cases of streptococcal toxic shock
syndrome and necrotizing fasciitis. In contrast, the remaining 103 were isolated mainly from
patients of all age groups with non-invasive infections such as pharyngotonsillitis. These isolates
were classified into 25 types based on emm genotyping. A significant difference in emm types
was observed between isolates from invasive and non-invasive infections (P<0.001): stG485,
stG6792 and stG2078 predominated among isolates from invasive infections. A phylogenetic
tree of complete open reading frames of emm genes in this organism showed high homology with
those of Streptococcus pyogenes, but not with those of other streptococci. The presence of five
different clones was estimated based on DNA profiles of isolates from invasive infections obtained
by PFGE. Genes for resistance to macrolides [erm(A), three isolates; erm(B), five isolates; mef(A),
seven isolates] and levofloxacin (mutations in gyrA and parC, four isolates) were identified in this
organism. These results suggest the need for further nationwide surveillance of invasive infections
caused by S. dysgalactiae subsp. equisimilis.

tococci with Lancefield group C or G antigens were long

Most B-haemolytic streptococcal pathogens isolated from
humans are identified as Streptococcus pyogenes (group A
streptococci; GAS), Streptococcus agalactiae (group B
streptococci; GBS), Streptococcus dysgalactiae subsp. equi-
similis and species of the anginosus group that belong to
Lancefield groups A, B, C, G or F (Facklam, 2002; Ruoff
et al., 2003). In contrast to GAS and GBS, which are known
to cause serious and systemic invasive infections, strep-

Abbreviations: GAS, group A streptococci; GBS, group B streptococci;
ML, macrolide; STSS, streptococcal toxic shock syndrome.

considered to be commensal organisms that only rarely
caused invasive infections as opportunistic pathogens.

In 1996, S. dysgalactiae subsp. equisimilis was proposed as a
new streptococcal taxon (Vandamme et al, 1996).
Although rare, S. dysgalactice subsp. equisimilis strains
having group A antigen rather than group C or G antigen
have also been reported (Bert & Lambert-Zechovsky, 1997;
Brandt et al., 1999; Katsukawa et al., 2002). Many recent
studies have reported that this organism causes invasive
and systemic streptococcal infections like GAS (Natoli et al,
1996; Wagner et al., 1996; Hirose et al.,, 1997; Kugi et al,
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1998; Barnham et al., 2002; Cohen-Poradosu et al., 2004;
Hashikawa et al, 2004). The organism has also been
reported to cause a wide variety of human infections such
as pharyngitis, cellulitis, sepsis, meningitis and endocarditis
(Woo et al, 2001).

Qur group has reported that most Japanese patients with
such invasive infections are older persons with severe
underlying diseases (Ubukata et al, 2006). Recently, a
population analysis in the USA reported the incidence of
invasive diseases caused by f-haemolytic streptococci,
mostly S. dysgalactiae subsp. equisimilis (Broyles et al., 2009).

Notably, S. dysgalactiae subsp. equisimilis possesses many
virulence factors shared with GAS, such as M protein
(Fischetti, 1989; Schnitzler et al, 1995), streptolysin O
(Gerlach et al., 1993; Okumura et al., 1994), streptolysin S
(Humar et al., 2002) and streptokinase (Walter et al., 1989;
TIkebe et al, 2004). It has been suggested that these factors
were transmitted from GAS to this species (Kalia et al., 2001).

In the present report, we have described S. dysgalactiae
subsp. equisimilis isolates from patients with invasive and
non-invasive infections, and analysed the relationship with
patient age and disease, emm genotyping and DNA profiles
of isolates from invasive infections according to PFGE and
antimicrobial susceptibilities.

METHODS

Phenotypic testing of isolates. From September 2003 to October
2005, a total of 593 f-haemolytic streptococcus isolates identified as
causative pathogens were sent to our laboratory from 11 medical
institutions throughout Japan. The isolates were accompanied by medical
information about the patients using an anonymous questionnaire,

S. dysgalactiae subsp. equisimilis was identified in accordance with the
differentiating characteristics described by Ruoff et al. (2003). These
included: (i) agglutination positivity for Lancefield group A, C or G
determined using antiserum (Streptex; Remel Europe); (ii) strong -
haemolysis; (iii) formation of large, glossy colonies; (iv) bacitracin
resistance; (v) negative pyrrolidonylarylamidase test; (vi) negative
Voges—Proskauer test; and (vii) positive $-D-glucuronidase test.

Ultimately, 145 isolates were identified as S. dysgalactiae subsp.
equisimilis, and of these, five possessed group A antigen, 18 had group
C antigen and 122 had group G antigen.

Antimicrobial susceptibility. The susceptibility of all isolates to 12
antimicrobial agents was determined by a microdilution method using
cation-adjusted Mueller~Hinton broth (Becton Dickinson) supple-
mented with 5% lysed horse blood according to the guidelines of the
Clinical and Laboratory Standards Institute (CLSI, 2007). Oral
antimicrobial agents employed in this study were penicillin G,
ampicillin, amoxicillin, cefdinir, cefditoren, faropenem, clarithromy-
cin, azithromycin and levofloxacin. Cefotaxime, panipenem and
meropenem were also evaluated as representative parenteral agents.
The antimicrobials were obtained from pharmaceutical manufacturers.

{dentification of macrolide (ML) and fluoroquinolone resist-
ance genes. Three ML resistance genes, erm(A) (Seppild et al,
1998), erm(B) (Trieu-Cuot et al, 1990) and mef(A) (Clancy et al,
1996; Tait-Kamradt et al., 1997), were identified by PCR, as described
previously (Wajima et al., 2008). Isolates with the erm(A) gene show

an inducible ML/lincosamide/streptogramin B resistance phenotype,
whilst strains with the erm(B) gene show a constitutive ML/
lincosamide/streptogramin B resistance phenotype arising from
methylation of 23S rRNA. Strains with a mef{A) gene show an M
phenotype involving an active efflux pump system for 14- and 15-
membered MLs.

Four genes related to fluoroquinolone resistance, gyrA, gyrB, parC and
parE, were analysed using four sets of primers as described previously
(Wajima et al,, 2008).

Genotyping of emm and bootstrap analysis. For emm genotyping
by PCR, a primer set was used as described previously (Beall et al,
1996; Whatmore & Kehoe, 1994). Sequencing reactions for purified
PCR products were performed using the primer 5'-TATTCGC-
TTAGAAAATTAAAAACAGG-3' and an ABI PRISM 3130/3130x1
Genetic Analyser (Applied Biosystems). The first 300 bases of the
5' end of the emm gene were compared with those in the CDC
emm sequence database (http://www.cdc.gov/ncidod/biotech/strep/
strepblast.htm). An emm type showing more than 98 % identity with
a CDC reference strain was identified as that particular emm type.

Sequences of open reading frames of emm genes in 25 strains were
determined using sense primer-1 (3'-ACGGCTAACCTTAGGA-
TTGG-5') and reverse primer-2 (3'-CGTCTTTAGTCGCAAA-
CAGG-5'). The results were compared with those for GAS using
CLUSTAL W (v.1.83; http://clustalw.ddbj.nig.ac.jp/top-j.html). The
Kimura method was used to estimate the number of amino acid
substitutions between sequences in each strain. A phylogenetic tree
from bootstrap analysis by the neighbour-joining method was obtained
using TreeView (v.1.40). Sequences of the open reading frames of emm
genes and deduced amino acids used to depict the phylogenetic tree
included seven strains of Streptococcus pyogenes (MGAS5005, emm1.0;
MGAS9429, emm12; MGAS6180, emm28; SSI1, emm3; MGAS10750,
emmd4; NZI131, emm49;, MGAS10394, emm6), four strains of S.
dysgalactiae subsp. equisimilis [CAA63750 (protein id), stC1400.2
CAA42694, stG166b.0; CAA42693, stC74a.0; AAA26928, stG1750.0)], S.
dysgalactiae subsp. dysgalactiae (CAB65413, demB encoding M-like
protein), Streptococcus equi (AAB71984, seM encoding M-protein),
Streptococcus iniae (ACF25917, simA encoding M-like protein) and S.
equi subsp. zooepidemicus (ACG63129 and ACG63223, cspZ.1 and
espZ.2 encoding Emm-like cell surface protein, respectively), with
Streptococcus pneumonine (ACH85940, a gene encoding a putative
surface protein) used as an outgroup.

PFGE. PFGE was carried out by modification of a method described
previously (Murayama et al, 2009). Each strain was cultured in 2 ml
Todd-Hewitt broth (Becton Dickinson) for 18 h, harvested by centrifu-
gation at 5000 g at 4 °C for 5 min and then washed with saline/EDTA
solution. Plugs with embedded bacterial cells were incubated in restriction
enzyme buffer containing 30 U Smal at 30 °C for 16 h. Electrophoresis
was performed with a CHEF Mapper (Bio-Rad Laboratories). Separation
of the fragments was carried out at 6 V cm™ " at 14 °C for 18 h.

Statistical analysis. A y* test was used to test for a significant

difference between invasive and non-invasive infection groups by age
distribution and by emm typing.

RESULTS AND DISCUSSION

Age distribution of patients with S. dysgalactiae
subsp. equisimilis infection

Fig. 1 shows the age distribution of patients with S.
dysgalactine subsp. equisimilis infection, categorized as
either invasive (n=42) or non-invasive {(n=103).

http://jmm.sgmjournals.org
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Fig. 1. Age distribution of patients with
Streptococcus dysgalactiae subsp. equisimilis
infection. In patients with invasive infection
(black bars; n=42), causative agents were
isolated from blood (n=32), synovial fluid
(n=6) and tissue (n=4). In patients with non-
invasive infections (grey bars; n=1083), the
agents were isolated from non-sterile sites
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such as pharynx/tonsils (n=37), sputum
(n=31), pus (n=13), middle ear fluid (n=4)
and other (n=18).

The invasive infections comprised sepsis (n=26), purulent
arthritis (n=6), cellulitis (n=3), necrotizing fasciitis (n=3)
and streptococcal toxic shock syndrome (STSS, n=4).
Their causative agents were isolated from normally sterile
samples such as blood (n=32), synovial fluid (n=6) and
tissue (n=4). The non-invasive infections included pha-
ryngitis, tonsillitis, acute otitis media and local pyogenic
infection. These agents were isolated from sputum (n=31),
pharynx/tonsils (n=37), pus (n=13), middle ear fluid
(n=4) and other sources (n=18).

Invasive infections occurred mostly in patients who were at
least 50 years old, especially elderly adults of 60-80 years
(P<0.001). Severe underlying conditions such as diabetes
mellitus, liver dysfunction, renal dysfunction, medical
treatment for malignant disease, immobility and immune
deficiency were present in 85.7% of invasive infection
cases.

Although group C and G streptococci — the most
frequently identified S. dysgalactiae subsp. equisimilis —
are usually found as commensal organisms in the throat,
skin and occasionally the female genitourinary tract, these
organisms are increasingly being recognized as important
human pathogens (Brandt & Spellerberg, 2009). Most
human infections with S. dysgalactiae subsp. equisimilis are
caused by person-to-person transmission and often involve
the throat and skin, with patterns similar to those of GAS
(Baracco & Bisno, 2006). In patients with severe underlying
diseases, the organisms may invade the bloodstream and
become widely disseminated to many deep sites where they
can cause life-threatening invasive infections.

Susceptibility to 12 agents

Table 1 shows the MIC ranges and MICsy and MICyq
values of 12 antimicrobial agents for S. dysgalactiae subsp.
equisimilis strains. The antimicrobial activities of the oral
p-lactam antibiotics penicillin G, ampicillin, amoxicillin,
cefdinir, cefditoren and faropenem were excellent, with
MICgo values of <0.031 pg ml™". No strains with reduced
B-lactam susceptibility were recognized. The activities of

the parenteral agents cefotaxime, panipenem and merope-
nem were also excellent.

The activities of clarithromycin, azithromycin and levo-
floxacin against these strains were less than those of the -
lactams. Strains possessing ML resistance genes identified
by PCR accounted for 10.3% of all strains: three strains
(2.1%) possessed an erm(A) gene (stG6979, two strains;
stCK401, one strain), five strains (3.4%) had an erm(B)
gene (all stG10) and seven strains (4.8 %) had a mef(A)
gene (stGI0, three strains; stC36, two strains; stG2078, one
strain; and stG840, one strain).

Four strains isolated from synovial fluid or sputum showed
high resistance to levofloxacin, with MICs >32 pg ml ™%
All four strains had amino acid substitutions, changing Ser-
81 to Phe or Tyr in GyrA and Ser-79 to Tyr in ParC,
together with ML resistance genes erm(B) or mef(A), and
they all had emm type stGI0.

Table 1. MIC range and MICse and MICg, values of 12
antimicrobial agents for Streptococcus dysgalactiae subsp.
equisimilis

Antibiotic MIC (ug ml™")
Range MICs, MICqp
Oral
Penicillin G 0.008-0.016 0.016 0.016
Ampicillin 0.016-0.031 0.031 0.031
Amoxicillin 0.016-0.063 0.016 0.016
Cefdinir 0.016-0.031 0.016 0.031
Cefditoren 0.008-0.031 0.016 0.016
Faropenem 0.016-0.031 0.031 0.031
Clarithromycin 0.063—>64 0.125 4
Azithromycin 0.5->64 1 32
Levofloxacin 0.25-64 1 2
Parenteral
Cefotaxime 0.008-0.031 0.016 0.016
Panipenem 0.004-0.016 0.008 0.008
Meropenem 0.008-0.016 0.016 0.016
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Fig. 2. Comparison of emm types in Streptococcus dysgalactiae subsp. equisimilis isolates separated into invasive (black bars;
n=42) and non-invasive (grey bars; n=103) infections. The distribution of emm types was significantly different between the
two groups (2 test, P<0.001).

ML and levofloxacin resistance rates of S. dysgalactiae Typing of emm and PFGE profile

subsp. equisimilis were the same as for GAS (Wajima et al,

2008), but different from those reported for GBS in Japan Fig. 2 shows the results of emm genotyping for 145 S.

(Murayama et al., 2009). dysgalactiae subsp. equisimilis strains classified into invasive
M M M

L]

L L | oo ] I a L | |
SIG6(B)  stGI0 | stG480  stG485(C) stG643(C) s1C74a| stG652 (B) s1G2078 (A) s1G6792 (A) stG5420 (B)
E E
stG245 ® s1C6979 ~ “stC1400 stG653 (A) stG4974 stC36
(B) © (B) (A) A

Fig. 3. PFGE profiles and their classification into five clones of chromosomal DNA from Streptococcus dysgalactiae subsp.
equisimilis isolates from patients with invasive infection. Chromosomal DNAs were digested with Smal. Capital letters in
parentheses represent clones. Lanes: M, size marker (1 phage DNA); 1—4, stG6; 6-7, stG10; 8, stG245; 9 and 10, stG480;
11-18, st(G485; 19, stG643; 20, stC6979; 21 and 22, stC74a; 23, stC1400; 24-26, stG652; 27 and 28, stG653; 29-32,
stG2078; 33, stG4974; 34-39, stG6792; 40, stC36; 41 and 42, stG5420.
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and non-invasive groups. Each emm type included several

subtypes.

Three types, stG485, stG6792 and stG2078, predominated
among the 42 invasive strains, but the predominance of a
specific type was not recognized. In contrast, stG10, stG6
and stC36 were predominant relative to the other non-
invasive strains. The distribution of emm types was
significantly different between the invasive and non-
invasive groups {(P<<0.001).

The PFGE profiles of invasive strains digested with the
restriction enzyme Srnal are shown in Fig. 3. Strains with
the same emm type showed uniform DNA profiles and
were classified into five clones in accordance with the
criteria for interpreting PFGE patterns (Tenover et al.,
1995): strains (n=14) identified as stG6792, stG2078,
stG653, stC36 and stG4974 belonged to clone A; strains
(n=11) identified as stG6, stG652, stG5420, stG245 and
stC1400 belonged to clone B; strains (n=10) identified as

stG485, st(G643, and stC6979 belonged to clone C; strains
(n=3) identified as stG10 belonged to clone D; and strains
(n=4) identified as stG480 and stC74a belonged to clone E.
The emm types of four strains isolated from patients with
STSS were 5tG2078, stG485, stG653 and stG6792, respect-
ively. Two patients later died shortly after hospitalization.
No bias was observed in the emm type of isolates from
invasive infections.

Our results of the emm type of invasive strains differed
from the surveillance results recently reported by Broyles
et al. (2009). In their results, strains identified as types stG6,
stG245, stG2078 and stG643 predominated, and types
stG6792 and stG485 were heavily outnumbered. At present,
although the epidemiology is unknown, it seems that a new
emm type organism may have entered Japan and may be
spreading rapidly among increasing numbers of elderly
people with underlying diseases living in densely populated
cities.
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Fig. 4. Phylogenetic tree of the complete M protein in Streptococcus dysgalactiae subsp. equisimilis (n=25) isolated from
patients with invasive infections. A phylogenetic tree based on deduced amino acid sequences was constructed by the
neighbour-joining method. Bootstrap analyses of 1000 replications were carried out using CLUSTAL W. Each strain number
analysed and the clone type is indicated in parentheses. The sequences of the other streptococcal strains were derived from the
GenBank/EMBL/DDBJ database. Species have been given a five-letter code: Spneu, S. pneumoniae; Sdysg, S. dysgalactiae
subsp. dysgalatiae; Sequi, S. equi; Szooe, S. equi subsp. zooepidemicus; Sinia, S. iniae.
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