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ABSTRACT

Background Multiple serotypes of pneumococci have
epidemiological and clinical implications, such as the
emergence of non-vaccine serotypes and the acquisition
of antimicrobial resistance. Prevalence of multiple
serotypes of pneumococci in adults and their risk factors
are not known.

Methods \We enrolled adult patients from age =15
years with radiologically confirmed pneumonia in four
hospitals across Japan. Pneumococcal pneumonia was
defined with a pneumococcal bacterial density of =10/
mL in sputum by /ytA quantitative PCR, and serotypes
were determined. Pneumonias with a single serotype
were categorised as single-serotype pneumococcal
pneumonia and with two or more serotypes as multiple-
serotype pneumococcal pneumonia. Multivariable logistic
regression was used to assess the risk factors.

Results 3470 patients (median age 77 years, IQR
65—-85) were enrolled. Pneumococcal pneumonia was
identified in 476 (18.3%, n=2605) patients. Multiple
serotypes were detected in 42% of them. Risk of having
multiple serotypes was low among patients who had
received 23-valent pneumococcal polysaccharide vaccine
(PPSV23) vaccines (adjusted OR 0.51 (95% C1 0.27 to
0.94)). Proportion of non-PCV7 PPSV23 serotypes in
overall distribution of multiple serotypes was 67.4%
(n=324/481) compared with 46.4% (n=128/276) in that
of single serotypes (p=0.001). Serotypes 5, IN/9L, 10A,
12/22/46, 17F and 35F were associated with multiple-
serotype pneumonia, and serotypes 6A/6B, 23F, 11 and
6C/6D were associated with single-serotype pneumonia.
Proportion of more invasive serotypes (serotypes 1,

5, 7F, 8) was significantly higher in multiple-serotype
pneumonia (p=0.001).

Conclusions Multiple serotypes of pneumococci are
common in sputum of adult patients with pneumonia.
The risk of multiple-serotype pneumococcal pneumonia
is lower than that of single-serotype pneumococcal
pneumonia among PPSV23-vaccinated patients.

Trial registration number UMIN000006909.

INTRODUCTION

Streptococcus pneuwmoniae is a common cause of
community-acquired pneumonia (CAP) worldwide.
After introduction of pneumococcal conjugate
vaccines, the diseases caused by vaccine serotypes

," Adult Pneumonia Study

What is already known on the topic?

= More than one serotype of pneumococci can
simultaneously colonise the nasopharynx in
adults and can cause invasive diseases.

= Prevalence of multiple serotypes of
pneumococci among adult patients with
pneumococcal pneumonia and their associated
risk factors are unknown.

What this study adds?

= For the first time, this study reports a
high prevalence of multiple serotypes
of pneumococci among patients with
pneumococcal pneumonia, and patients who
had 23-valent pneumococcal polysaccharide
vaccine had a lower risk of having multiple-
serotype pneumococcal pneumonia as
compared with single-serotype pneumococcal
pneumonia.

How this study might affect research,

practice or policy

= This study highlights the need for further
research in the protection offered by the
23-valent pneumococcal polysaccharide
vaccine on prevention of multiple-serotype
pneumococcal pneumonia, which may affect
the future pneumococcal vaccine policy.

have reduced remarkably; however, the incidence
of pneumonia caused by non-vaccine serotypes has
continuingly increased, particularly in adults.'”
Pneumococcal pneumonia can be divided into
invasive (bacteraemic) and non-invasive (non-
bacteraemic), and majorities are non-invasive.®
Because of the nature of non-invasive infection,
difficulty to get good quality sputum and a prior
use of antibiotics, conventional culture methods
are not efficient to diagnose non-invasive pneumo-
coccal pneumonia.® ® Real-time PCR has become
an established method to diagnose pneumococcal
pneumonia in sputum because of its increased sensi-
tivity and decreased turnaround time.*'
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Pneumococcus has at least 98 serotypes that have potential
to cause invasive (eg, meningitis, bacteraemia) and non-invasive
(eg, pneumonia, sinusitis, otitis media) diseases.” '* Although
only single-serotype infection is generally reported, which is
because of limitation of the conventional culture and identifica-
tion methods, simultaneous infections with two serotypes have
been reported. Serotype 9V and serotype 7 were isolated in the
cerebrospinal fluid (CSF) in a man aged 60 years with menin-
gitis."* Similarly, in a 10-month-old infant, serotype 23B was
isolated from the CSF, and serotype 23F was isolated from the
blood."® Pneumococci are highly recombinogenic transformable
bacteria; when two or more than two serotypes are present, they
can exchange genetic material that has implications for adap-
tation with host, drug resistance, biofilm formation and emer-
gence of non-vaccine serotypes, which may lead to treatment
failure and reduced effectiveness of vaccination.'®™*®

Besides these case reports, to our knowledge, only one epide-
miological study about multiple-serotype infections that caused
invasive pneumococcal diseases has been published.’> However,
there is no published study that describes the epidemiological
and clinical characteristics of multiple-serotype infections in
adults with non-invasive pneumonia. We did a multicentre cross-
sectional study of adult patients with pneumonia and applied
an advanced PCR system that can identify more than one sero-
type of pneumococci simultaneously.’” Here, we describe the
epidemiological and clinical characteristics of adult patients with
multiple-serotype pneumococcal pneumonia by comparing with
those with single-serotype pneumococcal pneumonia.

METHODS

Study design

The Adult Pneumonia Study Group-Japan conducted this study
as a part of the multicentre prospective cross-sectional study of
adult pneumonia in four main islands in Japan.?* *' The study
sites were: Ebetsu City Hospital in Hokkaido; Kameda Medical
Centre in Chiba; Chikamori Hospital in Kochi and Juzenkai
Hospital in Nagasaki. This study was a part of the surveillance
study that was carried out from 28 September 2011 to 23 August
2014 and was registered in the University hospital Medical
Information Clinical Trial Registry.

Study population

Patients who fulfilled these three criteria in the emergency and
outpatient departments were enrolled: (1) age =15 years, (2)
symptoms suggestive of pneumonia and (3) findings sugges-
tive of pneumonia in chest X-ray or CT scan. Pneumonia cases
were classified into CAP and healthcare-associated pneumonia
(HCAP) following the American Thoracic Society/the Infec-
tious Diseases Society of America guideline.”* * Patients who
developed pneumonia after 48 hours of admission in another
inpatient facility were excluded. Pneumococcal pneumonia was
defined by positive lytA real-time PCR with a pneumococcal
bacterial density =10* copies/mL in sputum in patients with
radiologically confirmed pneumonia.” '* "’

Data collection

Using a standardised data collection form, we collected demo-
graphic and clinical data from the patients and medical charts.
Good quality sputum and blood specimens were collected at the
time of admission. If the patients could not cough up sputum, it
was induced by inhalation of hypertonic saline soon after admis-
sion, and the sputum was collected before giving antibiotics.

Chest X-rays were taken within 24 hours of admission, and CT
scans were done at the treating physicians’ discretion.

Laboratory methods

On average 250 uL of sputum was taken from each patient,
and DNA was extracted using the QIA DNA Mini Kit (Qiagen).
Identification of pneumococci by IyfA and serotyping by the
nanofluidic real-time PCR system were performed as described
elsewhere.”* Respiratory viruses were tested by in-house multi-
plex PCR which was described elsewhere.” Pneumococcal
serotypes 1, 5, 7F and 8 were categorised as highly invasive
serotypes, and remaining serotypes were grouped as less invasive
serotypes.”® Urine samples were tested by BinaxNOW Pneumo-
coccal Urinary Antigen Test (BinaxNow, Alere, USA).

Pneumococcal vaccination in Japan

PCV7 was available in Japan from February 2010, and it became
widely available for children <5 years by the end of 2010.
However, it was introduced to the routine immunisation in April
2013 and was replaced by PCV13 in November 2013. The esti-
mated vaccine coverage rate was 80%-90% in 2012 and >90%
in 2013.%” At the time of this study, 23-valent pneumococcal
polysaccharide vaccine (PPSV23) was not recommended for
adults of =65 years; however, it was introduced in the routine
vaccination in October 2014, and PCV13 was also licensed for
this age groups in June 2014. The PPSV23 coverage in 2013
was 25%.%% At present, all adults aged =635 years are eligible for
PPSV23 vaccination.

Statistical analysis

Details of the covariates are shown in the online supplemental file
6. Statistical analysis was done in Stata V.14. The y* test was used
to compare the proportions, and Mann-Whitney U test was used
to compare the medians. Unadjusted and adjusted ORs (aORs)
were estimated by logistic regression models. Stratified analysis
was done to examine the subgroups for effect modification. Vari-
ables with p value <0.05 in univariate analysis, and a priori vari-
ables (patient’s sex, age, age groups, vaccination status, present
smoking, underlying diseases, prehospital antibiotic use, study
site, study period, type of pneumonia, hypoxaemia and severity
score (Confusion, blood Urea nitrogen, Respiratory rate, Blood
pressure, 65 years of age and older (CURB-65)) were adjusted in
the final multivariable logistic regression model.?’ *°

RESULTS

Characteristics of the study population

Opverall, 3600 adult patients with pneumonia were approached.
The total number of patients enrolled was 3470 (figure 1),
the median age was 77 years (IQR 65-85), 75.5% were =65
years old and 59.5% were male. Some 30.4% of patients had
PPSV23 vaccine in last 5 years (table 1). Distribution of patients
in different age groups is shown in figure 2. Sputum was avail-
able for PCR in 2605 patients. Characteristics of patients
with sputum samples available and those with ‘not available
for PCR’ are shown in online supplemental file 1. Among the
2605 patients, pneumococcal pneumonia was identified in 476
(18.3%) patients.

Clinical characteristics of patients with pneumococcal
pneumonia

The median age was 72 years (IQR 63-82.5), 70.4% of them
were =635 years of age and 62.4% were male. Clinical features,
such as fever, hypoxaemia, leukocytosis, raised CRP, lobar
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Total pneumonia patients approached

(n=3600)
Did not fulfill the criteria
(n=130)
A4
Patients enrolled in the study
(n=3470)
Sputum samples not collected
(n=299)
v

Patients with sputum samples collected
(n=3171)

Sample not available for PCR
(n=566)

\4

Sputum samples available for real-time PCR
(n=2605)

A 4
IytA positive
(n=516)

Pneumococcal bacterial density
<10%/mL (n=40)

A4

Pneumococcal pneumonia
(bacterial density 210*/mL (n=476)

v y

Single-serotype
pneumococcal pneumonia
(n=276)

Multiple-serotype
pneumococcal pneumonia
(n=200)

Figure 1 Patient enrolment and identification of pneumococcal
pneumonia. Flow chart shows the number of adult patients (=15 years)
from the enrolment to the identification of patients with single-serotype
and multiple-serotype pneumococcal pneumonias.

consolidation in chest X-ray and CAP were more prevalent in
patients with pneumococcal pneumonia than non-pneumococcal
pneumonia. Patients with pneumococcal pneumonia tended to
be current smokers, and respiratory syncytial virus and rhino-
virus co-infections were more prevalent in them than patients
with non-pneumococcal pneumonia (table 2).

Clinical characteristics of patients with multiple-serotype
pneumococcal pneumonia

Multiple serotypes were detected in 42% (n=200/476) of the
patients with pneumococcal pneumonia. Demographical and
clinical characteristics of patients with multiple serotypes and
single serotypes are shown in table 2. The proportion of patients
who received PPSV23 vaccines was lower in the multiple-
serotype group than that in the single-serotype group (19.6% vs
33.0%, p=0.007). Among patients aged =65 years, the propor-
tions of PPSV23 vaccinated were 24.7% in multiple-serotype
pneumonia and 38.6% in single-serotype pneumonia (p=0.029).
The history of vaccination is unknown in 32.5% in multiple-
serotype and 24.4% in single-serotype pneumonias (p=0.106)
in the =635 years age group.

The risk of multiple-serotype pneumonia was lower among the
PPSV23-vaccinated than PPSV23-non-vaccinated patients (aOR
0.51(95% CI 0.27 to 0.94)) (table 3). Characteristics of PPSV23-
vaccinated and PPSV23-non-vaccinated patients were compared
(online supplemental file 2), and characteristics of patients with
known vaccination history and unknown were also compared
(online supplemental file 3), and the characteristics with signif-
icant differences were adjusted for the multivariable analyses.
The association of PPSV23 with the risk of multiple-serotype

Table 1 Demographic and clinical characteristics of adult patients
with pneumonia enrolled in the study

Characteristics Overall (n=3470)

Age, median (IQR), years 77 (65-85)
Age group, =65 years 2621 (75.5)
Male sex, n (%) 2066 (59.5)
Study sites, n (%)
Ebetsu City Hospital 424 (12.2)
Kameda Medical Centre 2055 (59.2)
Chikamori Hospital 608 (17.5)
Jyuzenkai Hospital 383 (11.1)
Fever (=38.0°C), n=3369 (%) 1009 (30.0)
Tachypnoea (respiratory rate >20/m), n=2727 (%) 1860 (68.2)
Hypoxaemia (Sp0, <90%), n=3340 (%) 390 (11.7)
Leukocytosis (>11000 WBC/mm?), n=3390 (%) 1289 (38.0)
C-reactive protein (>10mg/dL), n=3368 (%) 1096 (32.5)
Chest X-ray (lobar consolidation), n (%) 2346 (67.6)
Current smoker, n=1520 (%) 272 (17.9)
Underlying disorders, n (%) 2100 (60.5)
Antibiotics prior to hospital visit, n=3427 (%) 601 (17.5)
Hospitalisation, n (%) 2526 (72.8)
Community-acquired pneumonia, n (%) 2273 (65.5)
Received PPSV23 in last 5 years, n=2033* (%) 617 (30.4)
CURB-65 score =3, n=3359 (%) 1050 (31.3)
Confusion, n=3454 (%) 578 (16.7)
Blood urea nitrogen >20 mg/dL, n=3370 (%) 1382 (41.0)
Respiratory rate =30/min, n (%) 1384 (39.9)
Blood pressure <90/60 mm Hg, n (%) 828 (23.9)
Hospital stay, median (IQR), day, n=2535 15 (9-26)
Outcome
Improved, n (%) 3075 (88.6)
Transferred to another hospital, n (%) 87 (2.5)
Others, n (%) 52 (1.5)
Death, n (%) 256 (7.4)

CURB-65 includes scores for confusion, blood urea nitrogen >20 mg/dL, respiratory
rate >30/min, blood pressure <90/60 mm Hg and age =65 years.

*Known vaccine status and received the PPSV23 from >2 weeks to <5 years' time.
PPSV23, 23-valent pneumococcal polysaccharide vaccine; Sp0,, saturation of
peripheral oxygen; WBC, white blood cells.

pneumonia was further examined in subgroups. We found the
effect size of the risk of multiple-serotype pneumonia was much
less among women (aOR 0.23 (95% CI 0.07 to 0.8)) than men
(aOR 0.62 (95% CI 0.3 to 1.29)); the test for interaction was not
significant due to a small sample size. Similar observations were
made among patients with CAP (aOR 0.40 (95% CI 0.20 to
0.82)) and lobar pneumonia (aOR 0.37 (95% CI 0.17 to 0.79))
(table 4).

Serotype distribution in single-serotype and multiple-
serotype pneumococcal pneumonias

The serotype distribution is shown in figure 3. In total, 28
different serotypes/serogroups were identified. Serotype 3,
6A/6B, 10A, 11, 19F, 6C/6D and 35B were common in single-
serotype pneumonia. Serotype 3, 10A, 19A, 15B/15C, 6A/6B
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Figure 2 Distribution of pneumonia in adults by age in Japan. Bar diagram shows the distribution of radiologically confirmed adult patients with
pneumonia (black bar), single-serotype pneumococcal pneumonia (blue bar) and multiple-serotype pneumococcal pneumonia (green bar) by age

group.

and 35B were common first dominant serotypes in multiple-
serotype pneumonia; serotype 10A, 5, 9N/9L, 4 and 17F were
common second dominant serotypes and serotype 10A, 17F, 4,
12/44/46 and 18 were common third dominant serotypes. When
overall serotype distributions were compared between these
two groups of pneumonias, serotype 6A/6B, 23F, 11 and 6C/6D
were associated with single-serotype pneumonia, whereas sero-
type 5, IN/IL, 10A, 12/22/46, 17F and 35F were associated
with multiple-serotype pneumonia (table 5). The proportions
of PCV13 serotypes in single-serotype and multiple-serotype
pneumonias were 46% (127/276) and 44.1% (212/481), respec-
tively (p=0.605), whereas, non-PCV7 PPSV23 serotypes were

46.4% (128/276) in single-serotype pneumonia and 67.4%
(324/481) in multiple-serotype pneumonia (p=0.001); similarly,
non-PCV13 PPSV23 serotypes were 25.4% (70/276) in single-
serotype pneumonia and 43% (207/481) in multiple-serotype
pneumonia (p=0.001). The proportions of PPSV23 serotypes
in single-serotype pneumonia and multiple-serotype pneumonia
were 71.4% (197/276) and 87.1% (419/481), respectively
(p=0.001). Similarly, the proportions of more invasive serotypes
(serotype 1, 5, 7F and 8) were 0.72% (2/276) in single-serotype
pneumonia and 7.7% (37/481) in multiple-serotype pneumonia
(p=0.001).

Table 2 Comparison of characteristics of patients with pneumococcal pneumonia versus non-pneumococcal pneumonia, and single-serotype
pneumococcal pneumonia versus multiple-serotype pneumococcal pneumonia

Non- Single-serotype Multiple-serotype
Pneumococcal pneumococcal pneumococcal pneumococcal
pneumonia pneumonia pneumonia pneumonia
Characteristics n=476 (%) n=2129 (%) P value (n=276) (n=200) P value
Age, median (IQR), years 72 (63-82.5) 79 (68-86) 0.001 73 (65-83) 71 (60.5-81) 0.022
Age group, >65 years, n (%) 335 (70.4) 1694 (79.6) 0.001 209 (75.7) 126 (63.0) 0.003
Male sex, n (%) 297 (62.4) 1284 (60.3) 0.400 175 (63.4) 122 (61.0) 0.593
Fever (=38.0°C), n=2560 (%) 183 (38.9) 597 (28.6) 0.001 102 (37.4) 81 (41.1) 0.410
Hypoxaemia (Sp0, <90%), n=2531 (%) 74(16.3) 249 (12.0) 0.012 42 (16.0) 32 (16.8) 0.837
Leukocytosis (>11000 WBC/mm?), n=2565 (%) 205 (43.8) 788 (37.6) 0.012 123 (45.2) 82 (41.8) 0.467
C-reactive protein (>10mg/dL), n=2551 (%) 198 (42.5) 671(31.2) 0.001 111 (41.0) 87 (44.6) 0.431
Chest X-ray (lobar consolidation), n (%) 347 (72.9) 1396 (65.6) 0.002 197 (71.4) 150 (75.0) 0.380
Received PPSV23 in last 5 years, n=1820 (%) 95 (27.8) 471 (31.9) 0.141 69 (33.0) 26 (19.6) 0.007
Current smoker, n=1386 (%) 70 (25.6) 172 (15.5) 0.001 42 (26.4) 28 (24.4) 0.699
Underlying disorders, n (%) 288 (60.5) 1320 (62.0) 0.544 171 (62.0) 117 (58.5) 0.446
Community-acquired pneumonia, n (%) 374 (78.6) 1308 (61.4) 0.001 204 (73.9) 170 (85.0) 0.004
Influenza A co-infection, n=2602 (%) 20 (4.2) 81 (3.8) 0.689 12 (4.4) 8(4.0) 0.852
RSV co-infection, n=2602 (%) 27 (5.7) 73 (3.4) 0.022 12 (4.4) 15 (7.5) 0.142
Rhinovirus co-infection, n=2602 (%) 65 (13.7) 187 (8.8) 0.001 36 (13.0) 29 (14.5) 0.648
CURB-65 score =3, n=2551 (%) 136 (29.2) 670 (32.1) 0.216 85 (31.5) 51 (26.0) 0.200
Median pneumococcal bacterial load density, (log10/mL) 7.48 - 7.50 7.45 0.920

CURB-65 includes scores for confusion, blood urea nitrogen >20mg/dL, respiratory rate =30/min, blood pressure <90/60 mm Hg and age =65 years.
PPSV23, 23-valent pneumococcal polysaccharide vaccine; RSV, respiratory syncytial virus; Sp0,, saturation of peripheral oxygen; WBC, white blood cells.
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Table 3 Comparing associated characteristics of multiple-serotype
pneumococcal pneumonia with single-serotype pneumococcal
pneumonia

Unadjusted OR Adjusted OR*

Characteristics (95% CI) (95% ClI)
Age group, years

>65 Reference Reference

<65 1.83(1.2310 2.73) 2.06 (0.87 t0 4.92)
PPSV23 vaccinated within 5 years

Not-vaccinated Reference Reference

Vaccinated 0.49 (0.29 t0 0.83) 0.51 (0.27 t0 0.94)
Pneumonia type

HCAP Reference Reference

CAP 2.00 (1.25 t0 3.21) 1.60 (0.82 t0 3.12)

*ORs were adjusted for patient's sex, age, age group, vaccination status, present
smoking, underlying diseases, prehospital antibiotic use, study site, study period,
type of pneumonia, hypoxaemia and severity score (CURB-65).

CAP, community-acquired pneumonia; CURB-65, Confusion, blood Urea nitrogen,
Respiratory rate, Blood pressure, 65 years of age and older; HCAP, healthcare-
acquired pneumonia; PPSV23, 23-valent pneumococcal polysaccharide vaccine.

Correlations of PCR results with urinary antigen test and
blood culture

Among 1990 patients whose urine antigen were tested, 290 were
positive (14.6%) for pneumococci. Out of these 1990 patients,
the PCR result was available for 1662 patients. Both the PCR
and the urinary antigen test were positive in 169, and both
were negative in 1249; the proportion of concordant results
was (169+1249)/1662, that is, 85.3%. Similarly, we had blood
culture results of 2041 patients; among them, S. prneumoniae was

isolated in 21 patients (1.0%). Among the 2041 patients, PCR
result was available for 1591 patients. Identification by PCR
and isolation of pneumococci in blood culture were matched
in 19 patients, and both tests were negative in 1304 patients;
the proportion of concordant results was (19+1304)/1591, that
is, 83.2%. Combinations of positive results of various tests are
shown in a Venn diagram (online supplemental file §). Among the
19 patients with matched PCR and blood culture results, sero-
typing results of blood isolates were available for 14 patients; 13
of them were matched. One unmatched sample was 6B in blood
isolate and 6C/6D in PCR. Out of the corresponding 14 sputum
samples, 6 had multiple serotypes and all the dominant sero-
types matched with serotypes identified in blood culture isolates.
We did not observe any highly invasive serotypes among these
matched serotypes.

Pneumococcal bacterial density

Median pneumococcal load density in the pneumococcal pneu-
monia was 7.48 logl0/mL (IQR 6.07-8.29 log10/mL). The
serotype-specific median bacterial density of the most dominant
serotypes in multiple-serotype pneumonia was similar to that of
single-serotype pneumonia (7.89 log10/mL vs 7.79 log10/mL);
however, the bacterial density of other serotypes in multiple-
serotype pneumonia was about 2 log10/mL lower than the domi-
nant serotype (p=0.001) (figure 4). Pneumococcal load density
was found to be positively correlated with CRP and CURB-65
scores, and negatively with SpO, in single-serotype pneumonia,
whereas in multiple-serotype pneumonia, the load density was
positively correlated with body temperature, CRP and CURB-65
scores, and negatively correlated with SpO, (figure 5; online
supplemental file 4).

Table 4 Stratified analysis of the association between 23-valent pneumococcal polysaccharide vaccine (PPSV23) and multiple-serotype

pneumococcal pneumonia

Number of multiple-serotype
versus single-serotype

Crude OR
(95% Cl)

Adjusted OR* (95% Cl)

P value for test of
interactiont

pneumonias

Overall 133 vs 209
Stratified by sex

Male 74vs 127

Female 59 vs 82
Stratified by age group (years)

<65 48 vs 51

=65 85vs 158
Stratified by underlying disorders

Present 75vs 131

Absent 58 vs 78
Stratified by pneumonia type

CAP 116 vs 163

HCAP 17 vs 46
Stratified by chest radiograph findings

Lobar pneumonia 102 vs 153

Bronchopneumonia 31 vs 56

0.49 (0.29 to 0.83)

0.65 (0.35 to0 1.22)
0.29(0.11 t0 0.77)

0.63 (0.19 to 2.06)
0.52 (0.29 to 0.94)

0.63(0.34t0 1.16)
0.27 (0.08 to 0.84)

0.42 (0.23 t0 0.76)
1.26 (0.41 to 3.87)

0.43(0.23 t0 0.79)
0.73(0.28 to 1.96)

0.51(0.27 to 0.94)

0.62 (0.30 to 1.29)
0.23 (0.07 to 0.80)

0.97 (0.20 to 4.86)
0.50 (0.25 to 1.01)

0.53(0.25t0 1.12)
0.24 (0.05 to 1.08)

0.40 (0.20 to 0.82)
1.44 (0.26 to 8.04)

0.37(0.17 t0 0.79)
1.01 (0.29 to0 3.52)

0.170

0.790

0.192

0.086

0.360

*ORs were adjusted for patient's sex, age, age group, vaccination status, present smoking, underlying diseases, prehospital antibiotic use, study site, study period, pneumonia

type, hypoxaemia and severity score (CURB-65).
tWald test was used for the test of interaction.

CAP, community-acquired pneumonia; CURB-65, Confusion, blood Urea nitrogen, Respiratory rate, Blood pressure, 65 years of age and older; HCAP, healthcare-acquired

pneumonia.
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Figure 3  Distribution of pneumococcal serotypes. Bar diagram showing the distribution of pneumococcal serotype/serogroups in single-serotype
pneumococcal pneumonia (number of serotypes=276) and multiple-serotype pneumococcal pneumonia (number of serotypes=481). Blue bar
represents serotype distribution in single-serotype pneumonia, whereas orange, green and purple bars represent serotype distributions of first, second
and third dominant serotypes in multiple-serotype pneumonia. PPSV23, 23-valent pneumococcal polysaccharide vaccine.

DISCUSSION

This multicentre study of adult pneumonia showed that multiple
serotypes were prevalent in pneumococcal pneumonia. To best
of our knowledge, this is the first study that describes the demo-
graphic and clinical characteristics of multiple-serotype pneu-
mococcal pneumonia in adults. Compared with single-serotype
pneumonia, the risk of multiple-serotype pneumonia was lower
among patients who had taken PPSV23 vaccine in last 5years,
and the risk was much lower in female sex. Serotype distribu-
tions in single-serotype and multiple-serotype pneumonias were
different, and the proportion of non-PCV7 PPSV23 serotypes
was significantly higher in multiple-serotype pneumonia than
single-serotype pneumonia.

Multiple-serotype pneumonia constituted 42% of pneumo-
coccal pneumonia. This high prevalence was in concordance
with a high prevalence (50%) of multiple serotypes detected as
carriage in healthy adults in Japan.*! Pneumococcal pathogenesis
starts with nasopharyngeal colonisation®?; two or more than two
serotypes can colonise at the same time, and studies in children
have shown that the multiple-serotype colonisation is associ-
ated with pneumonia.”> Multiple-serotype colonisation, which
we assume the precursor of multiple-serotype pneumonia, has
implications for vaccine serotype replacement, pneumonia diag-
nosis and antimicrobial resistance.'® Therefore, it is important
to explore the epidemiological and clinical characteristics of
multiple-serotype pneumonia.

Most studies of pneumococcal invasive diseases show single
serotypes. Conventionally, serotypes are determined by Quel-
lung reaction on one or two colonies picked up from the culture
plate. Molecular methods, such as real-time PCR show higher
sensitivity to detect multiple serotypes than WHO-recommended
culture method.**** When multiple serotypes are present in the
culture plate, dominant serotype is generally picked up by the
conventional method. In this study, 14 patients had serotyping
results of blood culture isolates, 6 of them had multiple sero-
types by PCR and the serotypes identified by the conventional
method were all of the dominant ones identified by PCR. Our
data also show that there is about 100 folds (2 log10) difference
in bacterial loads between dominant and subdominant serotypes.
Therefore, in sputum culture, to detect 2 serotypes, we probably

need to serotype 100 colonies. However, this ratio of bacterial
loads in invasive disease is unknown. Our colonisation study in
healthy elderly in Japan shows that the median bacterial load
is 3.98 log10/mL in saliva or nasopharyngeal samples (data not
published), which is 100 times lower than that of second domi-
nant serotype (6 log10/mL) in multiple-serotype pneumonia.
Due to such a high bacterial load of second dominant serotypes,
we think at least second dominant serotypes may have a patho-
logical role in non-invasive pneumonia. However, it may be
possible that the most dominant serotypes are the ones that often
invade into the circulation.

Receiving PPSV23 vaccine within § years was associated with
a lower risk of multiple-serotype pneumonia. The risk was much
lower in female sex, patients with CAP and patients with lobar
pneumonia (although not significantly due a small sample size).
Studies have shown that the effectiveness of PPSV23 is higher
among female patients than male patients.”! 2 The reasons
behind higher immune response among female patients are
not fully known; however, humoral responses as well as type
I hypersensitivity reactions are found to be stronger in female
patients.**™® Our observation of lower risk of multiple-serotype
pneumonia in comparison with single-serotype in PPSV23-
vaccinated female patients is in line with the implications of
the previous studies; however, the mechanisms of protection
by PPSV23 vaccine in this pneumonia group, needs to be eluci-
dated. We observed the risk of multiple-serotype pneumonia
was lower in PPSV23-vaccinated patients than not-vaccinated
patients, and the proportion of multiple-serotype pneumonia
was significantly higher in CAP than HCAP (45.5% vs 29.1%,
p=0.004); that may lead to a much lower risk of CAP than
HCAP among PPSV23-vaccinated patients. We did not find any
protection of the vaccine against multiple-serotype pneumonia
after 5 years of the vaccination; however, we think a larger study
is needed.?! In this study, the sample size of the vaccinated for
>3 years was small, six in multiple-serotype and seven in single-
serotype pneumonias (data not shown).

We found that the proportion of non-PCV7 PPSV23 or non-
PCV13 PPSV23 serotypes was significantly higher in multiple-
serotype pneumonia than single-serotype pneumonia. Serotypes
5, 9N/IL, 10A, 12/44/46, 17F and 35F were found to be
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Table 5 Overall serotype distribution in multiple-serotype pneumococcal pneumonia and single-serotype pneumococcal pneumonia

Number of serotypes
in multiple-serotype
pneumococcal pneumonia

Number of serotypes
in single-serotype
pneumococcal pneumonia OR

Serotypes n=481 n=276* (95%Cl) P valuet
PCV7 serotypes Serotype 4, n (%) 25(5.2) 7(2.5) 2.1(0.87 t0 5.82) 0.079
Serotype 6A/6B, n (%) 20 (4.2) 23(8.3) 0.48 (0.24 t0 0.93) 0.016
Serotype 9V/9A, n (%) 2 (0.4) 3(1.1) 0.38 (0.03 to 3.34) 0.360
Serotype 14, n (%) 13(2.7) 7(2.5) 1.07 (0.39 to0 3.20) 0.890
Serotype 18, n (%) 14(2.9) 2(0.7) 4.10 (0.93 t0 37.4) 0.063
Serotype 19F, n (%) 18(3.7) 18 (6.5) 0.56 (0.27 t0 1.16) 0.083
Serotype 23F, n (%) 3(0.6) 9(3.3) 0.19 (0.03 to 0.76) 0.011
Additional serotypes in PCV13 Serotype 1, n (%) 6(1.2) 0(0.0) NA
Serotype 5, n (%) 25(5.2) 2(0.7) 7.51 (1.85 to 65.8) 0.001
Serotype 7F/7A, n (%) 4(0.8) 0(0.0) NA
Serotype 3, n (%) 53(11.0) 44 (15.9) 0.65 (0.42 t0 1.03) 0.051
Serotype 19A, n (%) 29 (6.0) 12 (4.3) 1.41 (0.68 to 3.09) 0.325
Non-PCV13 PPSV23 serotypes Serotype 2, n (%) 5(1.0) 0(0.0) NA
Serotype 8, n (%) 2 (0.4) 0 (0.0) NA
Serotype 9N/9L, n (%) 22 (4.6) 1(0.4) 13.2 (2.1 to 545) 0.001
Serotype 10A, n (%) 82 (17.0) 22 (8.0) 2.37 (1.42 t0 4.09) 0.001
Serotype 11, n (%) 15 (3.1) 21(7.6) 0.39(0.18 t0 0.81) 0.005
Serotype 12/44/46, n (%) 16 (3.3) 1(0.4) 9.46 (1.45 to 398) 0.008
Serotype 15B/15C, n (%) 15(3.1) 5(1.8) 1.74 (0.59 to 6.20) 0.350
Serotype 17F, n (%) 23 (4.8) 1(0.4) 13.8(2.21 t0 570) 0.001
Serotype 20, n (%) 2(0.4) 1(0.4) 1.15 (0.06 to 68.0) 1.000
Serotype 22F/22A, n (%) 17 (3.5) 13 (4.7) 0.74 (0.33 t0 1.69) 0.425
Serotype 33F/33A/37, n (%) 8(1.7) 5(1.8) 0.92 (0.26 to 3.60) 1.000
Other serotypes Serotype 6C/6D, n (%) 14 (2.9) 18 (6.5) 0.43 (0.19 to 0.93) 0.018
Serotype 23A, n (%) 11(2.3) 5(1.8) 1.27 (0.40 to 4.71) 0.800
Serotype 34, n (%) 8(1.7) 4(1.4) 1.15(0.30 t0 5.27) 1.000
Serotype 35F, n (%) 12 (2.5) 1(0.4) 7.04 (1.03 to 301) 0.039
Serotype 35B, n (%) 17 (3.5) 18 (6.5) 0.53 (0.25 t0 1.10) 0.060

*NT serotypes were 33 (12.0%). These samples were /ytA PCR positive but could not be serotyped by our present system. It may be possible that some of these samples may
contain multiple serotypes beyond the 50 serotypes that the nanofluidic PCR system could detect. As the median bacterial load of NT was almost 1 log10/mL lower than that of

multiple serotypes, we considered most of NT were essentially single serotypes.

tFisher's exact rest was performed when the number of serotypes was <5in any of the cells.

NT, non-typeable; PPSV23, 23-valent pneumococcal polysaccharide vaccine.

associated with multiple-serotype pneumonia, whereas serotypes
6A/6B, 23F, 11 and 6C/6D were associated with single-serotype
pneumonia. Among these serotypes, from our previous study
of serotype-specific vaccine effectiveness of PPSV23, we found
the point estimates of the vaccine effectiveness for serotype 10A
was 30.5%, and for serotype 6A/6B, it was —35.9%.%' Because
of the small sample size, serotype-specific vaccine effectiveness
could not be calculated for all these serotypes in that study;
from our observation of the association of serotype 10A with
multiple-serotype pneumonia and serotype 6A/6B with single-
serotype pneumonia in this study, it is plausible that the vaccine
effectiveness of the PPSV23 could be higher among the serotypes
prevalent in multiple-serotype pneumonia, especially non-PCV7
PPSV23 or non-PCV13 PPSV23 serotypes than those prevalent
in single-serotype pneumonia.

Our data show the proportions of serotype coverage by
PCV13 and PPSV23 were 46% and 71.4%, respectively in
single-serotype pneumonia; other studies show the proportion

of PCV13 serotypes from 40.2% to 46.0% and PPSV23 sero-
types from 63.1% to 66.0% among adults in Japan in the study
period from 2013 to 2016.%** We found a higher proportion of
PPSV23 serotypes in multiple-serotype pneumonia (87.1%) than
single-serotype pneumonia (71.4%) (p=0.001); this was mostly
because of a significantly higher proportion of non-PCV13
PPSV23 serotypes in multiple-serotype pneumonia as discussed
above.

Routine serotype surveillance is important as non-PCV13
serotypes have emerged to cause pneumococcal diseases after
introduction of the pneumococcal conjugate vaccines, and these
replacement diseases most commonly occur in elderly.! 2 *!
Comparing serotype distribution before and after introduction
of PCV13 in Japan, a study has found that the proportions of the
non-PCV13 serotypes, such as 11A, 35B and 33F have increased
significantly, along with vaccine serotype 3 after introduction
of PCV13 in Japan.** In our study, non-vaccine serotypes (non-
PCV13 serotypes) IN/IL, 10A, 12/44/46, 17F and 35F were
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Figure 4 Bacterial density in single-serotype pneumococcal pneumonia and multiple-serotype pneumococcal pneumonia. Box and whisker
plot showing the distribution of bacterial density of serotypes in single-serotype pneumococcal pneumonia and multiple-serotype pneumococcal
pneumonia in order of dominance. The total number of serotypes identified was 242 in single-serotype pneumonia and 481 in multiple-serotype

pneumonia.

associated with multiple-serotype pneumonia, and serotype 11
and 6C/6D were associated with single-serotype pneumonia. As
the proportion of non-vaccine serotypes (non-PCV13 PPSV23)
was found to be significantly higher in multiple-serotype pneu-
monia than single-serotype pneumonia, we believe that the
emergence of non-PCV13 vaccine serotypes would be more

common in multiple-serotype pneumonia than single-serotype
pneumonia after introduction of PCV13.

Very few colonisation studies have been conducted in adults
and elderly in Japan.”' ** A study conducted in 2011 shows that
serotype 3 (19.0%), 19F (14.3%), 11A (12.7%), 23F (9.5%),
6B (9.5%) and 15B (7.9%) were common.” Our study showed
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Figure 5 Scatter plot showing the relationship between pneumococcal bacterial density and C-reactive protein in single-serotype pneumococcal
pneumonia and multiple-serotype pneumococcal pneumonia. Solid lines represent the linear regression fit across the patients. Spearman’s
rank correlation coefficients were 0.205 (p=0.001) and 0.184 (p=0.009) for single-serotype pneumococcal pneumonia and multiple-serotype

pneumococcal pneumonia, respectively.
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that serotype 3 was dominant both in single-serotype pneumonia
(15.9%) as well as multiple-serotype pneumonia (11.0%), 19F
was fifth common (6.5%), 11 was fourth common (7.6%) and
6B was second common (8.3%) in single-serotype pneumonia.
‘Highly invasive serotypes’, such as serotype 1 (1.2%), 5 (5.2%),
7F (0.89%) and 8 (0.4%) were detected in our cohort of multiple-
serotype pneumonia, but not in the colonisation study. The other
study was conducted in 2018, and it showed that serotype 10A,
12 and 35F were common (sample size, n=22).%'

We found bacterial density of one serotype was dominant to
that of other serotypes in multiple-serotype pneumonia. This
dominance of one serotype is similar to the findings when more
than one serotypes are present in nasopharyngeal colonisation
in healthy babies and children with acute respiratory tract infec-
tions.*> * These similarities in density of serotypes in colonisa-
tion and in pneumonia may indicate that the multiple-serotype
colonisation could be the precursor of multiple-serotype infec-
tions. This is also supported by the high prevalence of carriage
of multiple serotypes in saliva of healthy adults.®!

Our study has limitations. We defined pneumococcal pneu-
monia when PCR was positive with a bacterial density >10*/mL;
although it is a robust technique and is being used increasingly
for the diagnosis, we might have included some cases of carriage
in the sputum, as the PCR had sensitivity of 85.4% and speci-
ficity of 94.6% at that bacterial load cut-off." Another limitation
is that the nanofluidic PCR system can only detect 50 serotypes;
therefore, the characteristics of non-typeable serotypes could
not be determined. Clinical and epidemiological characteristics
of individual serotypes could not be explored because of low
numbers of the serotypes. Similarly, we could not follow-up
the patients to know some outcomes, such as 30-day mortality;
therefore, their association with multiple-serotype pneumonia
could not be examined.

CONCLUSION

We found a high prevalence of multiple serotypes of pneumo-
cocci in adult patients with pneumonia. The risk of multiple-
serotype pneumonia was lower among those who were PPSV23
vaccinated. We observed a significantly higher proportion of
non-PCV13 PPSV23 serotypes in multiple-serotype pneumonia
than single-serotype pneumonia that may have implication for
differential vaccine effectiveness of PPSV23 between these two
groups of patients.
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