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Abstract
To determine the clinical efficacy of combined vaccination with 23-valent
pneumococcal vaccine (PV) and influenza vaccine (IV) against pneumonia and acute
exacerbation of chronic lung diseases (CLD), we conducted an open-label, randomized,
controlled study among 167 adults with CLD over a 2 year period. Subjects were
randomly assigned to a PV+IV group (n=87) or an IV group (n=80), respectively. The
number of patients with CLD experiencing infectious acute exacerbation (P=0.022), but
not pneumonia (P=0.284), was significantly lower in the PV+IV group compared with
the IV group. When these subjects were divided into subgroups, an additive effect of PV
with IV in preventing infectious acute exacerbation was significant only in patients with
chronic obstructive pulmonary diseases (P=0.037). In patients with CLD, the
Kaplan-Meier survival curves demonstrated a significant difference for infectious acute
exacerbation (P=0.016) between the two groups. An additive effect of PV with IV on
infectious acute exacerbation was found during the first year after vaccination
(P=0.019), but not during the second year (P=0.342), and was associated with
serotype-specific immune response in sera of these patients who used PV during the
same period.
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Introduction
Acute exacerbation frequently occurs among patients with chronic lung diseases
(CLD), such as chronic obstructive pulmonary disease (COPD) and sequelae of
pulmonary tuberculosis (SPTB)[1,2]. Morbidity, mortality and health-care costs of these
patients largely result from on acute exacerbations [3]. Acute exacerbations are primarily
triggered by bacterial or viral pathogens in COPD and SPTB. While Streptococcus
pneumoniae

(S.

pneumoniae)

is

the

most

commonly

identified

cause

of

community-acquired pneumonia (CAP) by accounting for 16.5 to 38.9% of CAP among
adults [4,5], this pathogen is also responsible for 8 to 25 % of acute exacerbation in
patients with CLD or COPD, which makes it a major bacterial pathogen [2,6,7]. Viral
pathogens are also capable of inducing acute exacerbation of COPD, and the influenza
virus was frequently detected in 5 to 29% of exacerbation of COPD [8,9].
Since antibodies to pneumococcal capsular polysaccharide (PPS) and its complement
provide protection against S. pneumoniae with homologous or cross-reactive capsular
serotypes [10], pnemococcal polysaccharide vaccine (PV) is effective for preventing
invasive pneumococcal diseases in patients with chronic illness, such as CLD. PV is,
therefore, recommended for these patients [11-13]. Although the previous studies
reported that PV is not effective in preventing pneumonia or acute exacerbation in
patients with COPD [14-16], a recent, prospective study demonstrated an effect of PV in
preventing pneumonia in such patients with aged less than age of 65 years of age with
severe airflow obstruction [17]. In addition, a retrospective study previously reported the
additive effects of PV with influenza vaccine (IV) in the reduction of hospitalization
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stays and death among elderly persons with CLD [18,19]. Although a large-scale
prospective study demonstrated the additive effects of PV and IV in reducing hospital
mortality due to pneumonia among elderly persons [20], no prospective study has been
conducted to find the additive effects of PV combined IV for preventing pneumonia or
acute exacerbation in patients with CLD. This open-label, randomized, controlled study
was designed to determine whether PV and IV combined are superior to IV alone in
preventing pneumonia or acute exacerbation among patients with CLD.
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2.Materials and methods
2.1 Study design
For this study, 191 patients with CLD in a stable condition were enrolled after
providing written informed consent at the respiratory clinic of 13 hospitals in the district
of Kyushu and Okinawa, Japan between November 2001 and April 2002. All potentially
eligible subjects (at least twice as many as the enrolled cases) were contacted by the
members of the Pneumococcal Vaccine Trialist Group, belonging to one of these
hospitals. As the study investigators, these doctors had a role in selecting the subjects
for the study enrollment. Inclusion criteria were patients with CLD who previously
experienced acute exacerbations, were able to comply with a schedule of monthly
clinical visits and were between 40 and 80 years of age. Patients who were pregnant or
had immunocompromised conditions such as active malignant diseases, renal
insufficiency in dialysis or HIV infection, hypogammaglobulinemia or anatomical or
functional asplenia and who had previously received 23-valent PV (Pneumovax, Banyu,
Japan) were excluded. The enrollees were randomly assigned in equal proportion to
either the group receiving PV and IV (The Chemo-Sero-Therapeutic Research Institute,
Kumamoto, Japan) or IV alone. By sealed envelope, each study site was randomly
allocated either 10 or 20 cases. Equal numbers of sealed envelopes each containing a
card indicating either the PV+IV group or the IV group were prepared, and each study
participant chose an envelope. This vaccine allocation was done by the study
investigators. In addition, the doctors who screened the subjects also conducted the
exclusions and enrollments.
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While the participants in the PV+IV group were separately immunized with 0.5 ml of
PV and 0.5 ml of IV on separate occasions in one-month intervals, the participants in
the IV group were immunized with 0.5 ml of IV alone. All participants received IV once
in both the 2001/2002 and 2002/2003 seasons. For this study, our group used a trivalent,
split-virion,

influenza

vaccine,

containing

A/NewCaledonia/20/99H1N1,

A/Panama/2007/99H3N2, and B/Johannesburg/5/99 for the 2001/2002 season; and for
the 2002/2003 season, the study was conducted using vaccine containing
A/NewCaledonia/20/99H1N1, A/Panama/2007/99H3N2, and B/Guangdong/7/97.
Demographic data were obtained from each participant at the time of enrollment. All
participants were examined, typically once a month, at each hospital by physicians who
were the members of the Pneumococcal Vaccine Trialist Group at each study hospital in
the Kyushu and Okinawa districts. Patients were also asked to visit each study hospital
for examination by a study physician, if they developed a fever, cough and sputum, or
experienced breathlessness during the 2-year follow-up period.
To monitor the concentrations of anti-PPS IgG, serum samples were collected from the
patients of the PV+IV group immediately before and at 1 month, 6 months, 1 year, and 2
years after the initial pneumococcal vaccination. Separated sera were stored frozen at
–80℃ until used. All studies described herein were approved by the institutional review
board of each institution.

2.2 Study population
One hundred and ninety-one patients with CLD were assigned to either the PV+IV
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group (n=94) or to the IV group (n=97) (Fig. 1). During 2-year follow-up period, 2 and
11 subjects were lost from the PV+IV group and IV groups, respectively. In addition, an
early termination of follow-up occurred for 5 subjects for the PV+IV group and for 6
subjects in the IV group because they wanted to withdraw from the study. Subsequently,
87 subjects in the PV+IV group and 80 subjects in the IV group completed the analysis.

2.3 Outcome measures
The outcome measured was recorded as either the time to the first episode of
pneumonia or to acute exacerbation after the enrollment in this study. A pneumonia
diagnosis was based on either clinical symptoms (cough, sputum or fever) plus
increased white blood cell counts or serum C-reactive protein, and the appearance of a
new infiltration on a chest radiograph [21]. Acute exacerbation in CLD was defined by
criteria as previously described [22]: 1) increased dyspnea, 2) increased sputum volume,
and 3) increased sputum purulence, and 4) absence of newly appeared infiltration on a
chest radiograph. Acute exacerbation was diagnosed when two of the three respiratory
symptoms existed or when one of these and one of additional symptoms, such as a fever
without any other causes or increased cough was present [23]. When the laboratory
examinations revealed an increase in their white blood cell counts or serum C-reactive
protein, in addition to the clinical symptoms of acute exacerbation, patients were
diagnosed as infectious acute exacerbation, and were therefore classified into one of two
categories: either infectious or non-infectious acute exacerbation. Furthermore, when S.
pneumoniae was isolated from purulent sputum in cases of acute exacerbation, patients
7

were diagnosed as pneumococcal acute exacerbation as a subcategory of infectious
acute exacerbation.

2.4 Measurement of anti-PPS IgG
Serum samples for serotype-specific IgG were available from only 35 of 87 patients
with CLD in the PV+IV group for all intervals-1 month, 6 months, 1 year, and 2 years.
7 subjects died during the two-year period, and 45 of the remaining subjects lacked at
least one serum sample from the time interval at either 6 months, 1 year or 2 years. The
concentrations of serotype-specific IgG were measured as previously described
elsewhere [24]. The US reference pneumococcal antiserum (89-SF), courtesy of Dr.
Carl Frasch, was adsorbed to CWPS, but all other samples were adsorbed to CWPS (5
μg/ml) and 22F PPS (10 μg/ml) [25]. Serotype-specific IgG was determined for the four
serotypes (6B, 14, 19F and 23F) that are the most prevalent among adult patients with
pneumococcal infections in the US and Japan [5, 26].

2.4 Statistical analysis
The case numbers of patients with COPD, SPTB, and other CLDs, and the case
number of patients experiencing pneumonia, infectious acute exacerbation,
pneumococcal acute exacerbation, and non-infectious acute exacerbation and the case
numbers of death were compared using a chi-square test. A Kaplan-Meier estimator was
used to calculate the survival curve for subjects who developed neither pneumonia nor
infectious or non-infectious acute exacerbation during the 2-years study period. The
8

Cox’s proportional hazard model was used to evaluate the effect of PV on the incidence
of pneumonia and infectious or non-infectious exacerbation both in the first and second
one-year. The effects of age (age older than 55 years, 65 years, and older than 75 years)
and female sex were considered in multivariate analysis. Differences in geometric mean
concentrations (GMCs) of serotype-specific IgG over time were assessed using the
Wilcoxon signed-ranks test. An interim target sample size of 82 was chosen to ensure
that there would be at least an 80% chance to detect a difference of 0.2 (0.2 vs. 0.4)
episodes per person per year, with a one-sided alpha level of 0.05, in the frequency of
admission due to pneumonia between groups of PV+IV and IV. Data was considered to
be statistically significant, if the P values were less than 0.05.

3.Results
Ages (mean±SD years) and male sex (%) were 69.0±9.0 and 63.5 for total subjects,
67.8±9.5 and 69.0 for the PV+IV group, and 70.1±7.4 and 57.5 for the IV group. The
numbers of patients with three subcategories of CLD (COPD, SPTB and other CLDs) in
the PV+IV and the IV groups are shown in Table 1. Other CLDs were bronchiectasis
(n=20; 10 for the PV+IV group and 10 for the IV group), bronchial asthma (n=13, 6 for
the PV+IV group and 7 for the IV group), pneumoconiosis (n=14, 7 for the PV+IV
group and 7 for the IV group), interstitial pneumonia (n=9, 3 for the PV+IV group and 6
for the IV group), diffuse panbronchiolitis (n=5, 4 for the PV+IV group and 1 for the IV
group), and sarcoidosis (n=1 for the IV group). Fifty-nine subjects received home
oxygen therapy (HOT) (27 for the PV+IV and 32 for the IV), and 11 subjects (6 for the
9

PV+IV and 5 for the IV) were treated with noninvasive positive pressure ventilation
(NPPV). While a significant difference was found in the number of patients with SPTB
between the two groups, no significant difference was found in the number of patients
with COPD or other CLDs, nor in the number of patients receiving either HOT or
NPPV.
The incidence of pneumonia (0.096 episodes/ patient/ year) with CLD in this study
was twice as higher as those of previous cohort studies of COPD patients (0.047 to
0.055 episodes/ patient/ year)[14,17]. No significant difference was found in the number
of patients developing pneumonia between the PV+IV group and the IV group (Table 1).
Similarly, no significant difference was found in the Kaplan-Meier survival curves for
pneumonia between the two groups (P=0.399, Fig 2A).
The incidence of acute exacerbation (0.53 episodes/ patient/ year) in this study was
slightly lower than those of previous studies of COPD patients (0.85-1.08 episodes/
patient/ year)[27,28]. No significant difference was found in the number of CLD
patients with pneumococcal acute exacerbation (P=0.106) or non-infectious acute
exacerbation (P=0.557) between the two groups (Table 1). In contrast, a significant
difference was found in the number of CLD patients with infectious acute exacerbation
(P=0.022) between the two groups (Table 1). The Kaplan-Meier survival curves for
CLD patients with infectious acute exacerbation (P=0.016, Fig 2B) also demonstrated a
significant difference between the two groups. However, no significant difference was
found in the mortality during the 2-years period after vaccination in both groups (Table
1).
10

Furthermore, we examined the number of patients experiencing pneumonia and
infectious or non-infectious acute exacerbation in each subcategory (Table 2). No
significant difference was found in the number of patients with COPD, SPTB and other
CLDs experiencing either pneumonia or non-infectious acute exacerbation. In contrast,
a significant difference was found in the number of patients with COPD experiencing
infectious acute exacerbation (P=0.037), but not in the number of patients with SPTB
(P=0.442) or other CLDs (P=0.599). In COPD patients, the Kaplan-Meier survival
curves for infectious acute exacerbation demonstrated a significant difference between
the two groups (P=0.041, Fig 3), while no significant difference was found in the
Kaplan-Meier survival curves for pneumonia (P=0.543) or non-infectious acute
exacerbation (P=0.426) in COPD patients (data not shown).
While neither a univariate nor multivariate analysis demonstrated a significant
association between any variables and the probability of either pneumonia or
non-infectious acute exacerbation in either the first or second year, a significant
association between the receipt of PV and a low probability of infectious acute
exacerbation was found in patients with CLD in the first year, but not in the second year
by a single variable analysis (P=0.019) or multivariate analyses (P=0.016, Table 3). No
significant association was demonstrated between any variable, such as age older than
55 years, age older than 65 years, age older than 75 years or the female sex and the
probability for infectious acute exacerbation, in either the first or second year.
The GMCs of serotype-specific IgG for four serotypes in sera from the 35 patients
with CLD during the 2 years after their vaccinations are shown in Table 4. Before
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vaccination, the GMCs ranged from 2.6 µg/ml for serotype 23F to 5.69 µg/ml for
serotype 14. One month after vaccination, significant increases in the GMCs of
serotype-specific IgG were found for all serotypes in all subjects, compared to those
before vaccination (P<0.01, Table 4). The GMCs of serotype-specific IgG declined
below pre-vaccination levels at 6 months post-vaccination for types 6B and 19F. In
contrast, the GMCs of serotype-specific IgG remained above the pre-vaccination levels
for type 23 F and type 14 at 2 years post-vaccination, although they had declined from
the immediate post-vaccine levels. Serotype-specific IgG responses to PV, therefore,
were found primarily in sera during the first year, but not during the second year,
following vaccination.

4. Discussion
This study demonstrated an additive effect of PV with IV in preventing infectious
acute exacerbation, but not pneumonia or non-infectious acute exacerbation, when
compared to IV alone in patients with CLD. When theses subjects were divided into
three subgroups according to their type of CLD, an additive effect of PV with IV in
preventing infectious acute exacerbation was found only in COPD patients, but not in
patients with SPTB or other pulmonary diseases. Since no attempt was made to blind the
clinical assessors to the vaccine allocation in this study, the possibility of the bias on the
clinical assessment obtained by the investigators can not be dismissed.
Although this was an open-label, randomized controlled study on a small scale, the
enrolled patients with CLD in this study were at a high risk for pneumonia or acute
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exacerbation. Since pneumococci has a major role in the development of pneumonia
associated with respiratory viruses such as influenza virus, these viruses contribute to the
pathogenesis of bacterial pneumonia among children [29]. Other investigators have also
demonstrated that influenza neuraminidase facilitated bacterial adherence of S.
pneumoniae, and resulted in secondary bacterial pneumonia in mice [30,31]. Based on
the interaction between influenza virus and pneumococci on the pathogenesis of
bacterial pneumonia, an additive or synergistic effect of the combined vaccination with
PV and IV in preventing pneumococcal pneumonia can be expected.
A large prospective study in Sweden reported the additive effects of PV with IV in
reducing pneumococcal pneumonia as well as invasive pneumococcal diseases,
compared to no vaccination, among adults aged 65 years or older during the first 6
months after vaccination [32]. The authors demonstrated the additive effect of PV with
IV only in reducing the hospital mortality due to pneumonia, compared to a vaccination
with IV alone or PV alone, at 1-year after vaccination [20]. Another investigator,
however, did not find an additive effect of PV with IV in preventing pneumococcal
pneumonia as well as pneumonia, compared to IV alone, among the same population
during a 2-year period after vaccination [33].
A double-blind, randomized placebo-controlled trial in Thailand recently reported that
IV was found highly effective in preventing the influenza-related acute respiratory
illness, but not acute exacerbation or pneumonia, in COPD patients [23]. Since no effect
of IV was found for preventing acute exacerbation among patients with COPD, our data
suggests not only the importance of PV in addition to IV among patients with CLD, but
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also the role of pneumococcal infection in the pathogenesis of acute exacerbation in such
patients.
Although no significant difference was found in the number of patients with
pneumococcal acute exacerbation between the two groups in this study, a reduced
number of pneumococcal infections in the PV+IV group may suggest the contribution of
protective immunity raised by PV in such patients. More importantly, the additive effect
of PV with IV on infectious acute exacerbation was significant during the first year, but
not the second year after vaccination. This effect was associated with an immune
response of serotype-specific IgG to PV, which was prominent in all serotypes during
the first year.
Although the protective concentrations of serotype-specific IgG are not known, most
of CLD patients showed a level of IgG much higher than the threshold (0.35 μg/ml) that
predicts protection in infants against invasive disease at a population level after
immunization with pneumococcal conjugate vaccine in this study [34]. A recent study
also reported that higher levels of antipneumococcal antibodies did not correlate with
protection from pneumococcal colonization in patients with COPD [35]. Therefore, the
question arises as to why an additional increase of IgG in sera is required for preventing
infectious acute exacerbation in COPD patients. A recent report demonstrated that the
levels of anti-serotype-1 IgG in bronchoalveolar lavage (BAL) fluid were less than 10
ng/ml in 25 of 49 HIV-uninfected adults, while the mean level of serotype-1 specific
IgG in sera of such subjects was 1,608 ng/ml [36]. Thus, the level of specific IgG in the
neat BAL fluid is at least 161 times lower than that in sera. According to this
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information and the data of levels of specific IgG in sera of patients with CLD before
(2.60 to 5.69 μg/ml) and after vaccination (5.26 to 12.63 μg/ml) in this study, the levels
of specific IgG in BAL fluid are estimated to be less than 35.3 ng/ml before vaccination
and less than 78.5 ng/ml after vaccination, respectively. Since we found a significant
effect of PV+IV on infectious acute exacerbation, compared with IV alone, the levels of
serotype-specific IgG that rise higher than approximately 35 ng/ml in the lower airway
fluid may be critical for preventing infectious acute exacerbation in patients with COPD.
Furthermore, the cost of acute exacerbation on patients with COPD creates a
significant economic impact [3]. The literatures reports that the estimated costs for
hospitalization due to acute exacerbation will range from $5,655 to $7,413 in developed
countries [37-39]. The reduced frequency (27.2%) of acute exacerbation in the PV+IV
group in this study, compared to the IV group, has significant economic implications for
patients with COPD.
In conclusion, this pilot study demonstrated an additive effect of PV in combination
with IV on infectious acute exacerbation of patients with COPD. This effect was closely
associated with serotype-specific immune response to PV that was primarily found
during the first year after vaccination. Further studies on a larger scale are required to
investigate the additive effects of PV and IV on the incidence of acute exacerbation in
COPD patients with various levels of airflow limitations.

15

Acknowledgments
This study was supported by a Research Grant “Studies on preventable vaccines for
varicella, mumps, and pneumococcal pneumonia and other diseases” for Science and
Welfare, Ministry of Health, Labor and Welfare, Japan.
We are grateful to Naoko Kitajima, Miki Magome for technical assistance and the
members of Pneumococcal Vaccine Trialist Group in the Kyushu and Okinawa districts:
Yoshiaki Tao, National Fukuoka-Higashi Medical Center; Nobuhiro Kamikawaji,
Fukuoka National Hospital; Yoshiya Kitahara, National Omuta Hospital; Toshiyuki Oe,
National Saga-Higashi Hospital; Kenji Kawakami, Nagasaki Medical Center of
Neurology; Kenji Higashi, National Kumamoto South Hospital; Mineharu Sugimoto,
National Kumamoto Saishunso Hospital; Tatsuya Otsu, National Nishibeppu Hospital;
Ryosuke,

Kamitoku,

National

Miyazaki

Hospital;

Toshihiko

Ii,

National

Miyazaki-Higashi Hospital; Fumiyuki Iwami, National Minami-Kyushu; Shigeru
Miyagi, National Okinawa Hospital.

16

References
[1] White AJ, Gompertz S, Stockley RA. Chronic obstructive pulmonary disease. 6: The
aetiology of exacerbations of chronic obstructive pulmonary disease. Thorax 2003;
58: 73-80.
[2] Shishido H, Nagai H, Kurashima A, et al. Tuberculosis sequela: secondary bacterial
infection. Kekkaku. 1990; 65: 873-80.
[3] Mannino DM, Brown C, Glovivo GA. Obstructive lung diseases deaths in the
United States from 1979 through 1993. Am J Respir Crit Care Med 1997;
156:814-8.
[4] Ruiz M, Ewig S, Macos A, Martinez JA, Arancibia F, Mensa J, Torres A. Etiology of
community-acquired pneumonia: impact of age, comorbidity, and severity. Am J
Respir Crit Care Med 1999; 160: 397-405.
[5] Oishi K, Yoshimine H, Watanabe H, et al. Drug-resistant genes and serotypes of
pneumococcal strains of community-acquired pneumonia among adults in Japan.
Respirology 2006; 11:429-36.
[6] Sethi S. New developments in the pathogenesis of acute exacerbation of chronic
obstructive pulmonary disease. Curr Opin Infect Dis 2004; 17: 113-9.
[7] Sethi S, Evans N, Grant BJB, Murphy TF. New strains of bacteria and exacerbations
of chronic obstructive pulmonary disease. N Eng J Med 2002; 347; 465-71.
[8] Rohde G, Wiethege A, Borg I, et al. Respiratory viruses in exacerbations of chronic
obstructive pulmonary diseases requiring hospitalization: a case-control study. Thorax
2003; 58: 37-42.
17

[9] Greenberg SB, Allen M, Wilson J and Atmar RL. Respiratory viral infections in
adults with and without chronic obstructive pulmonary diseases. Am J Respir Crit
Care Med 2000; 162: 167-173.
[10] Musher DM, Chapman AJ, Goree A, Jonsson S, Briles D, Baughn RE. Natural and
vaccine-related immunity to Streptococcus pneumoniae. J Infect Dis 1986;
154:245-256.
[11] Butler JC, Shapiro ED, Carlone GM. Pneumococcal vaccines: history, current
status, and future directions. Am J Med 1999; 107(1A) : 69S-76S.
[12] Center for Disease Control and Prevention. Prevention of pneumococcal disease:
Recommendations of the advisory committee on immunization practices (ACIP).
MMWR 1997; 46:1-24
[13] Shapiro ED, Berg AT, Austrian R, et al. The protective efficacy of polyvalent
pneumococcal polysaccharide vaccine. N Eng J Med 1991; 325:1453-60.
[14] Davis LA, Aranda CAP, Schiffman G, Cristianson CL. Pneumococcal infection and
immunologic response to pneumococcal vaccine in chronic obstructive pulmonary
disease. Chest 1987; 92: 204-12.
[15] Simberkoff MS, Cross AP, Al-Ibrahim M, et al. Efficacy of pneumococcal vaccine
in high-risk patients. Results of a Veterans Administration Cooperative Study. N Eng
J Med 1986: 315: 1318-27.
[16] Williams JH Jr, Moser KM. Pneumococcal vaccine and patients with chronic lung
diseases. Ann Intern Med 1986; 104: 106-9.
[17] Alfageme I, Vazquez R, Reyes N, et al Clinical efficacy of anti-pneumococcal
18

vaccination in patients with COPD. Thorax 2006;61:189-195
[18] Nichol KL, Baken L,Wuorenma J, Nelson A. The health and economic benefits
associated with pneumococcal vaccination of elderly persons with chronic lung
disease. Arch Intern Med 1999;159: 2437-42.
[19] Nichol KL. The additive benefits of influenza and pneumococcal vaccinations
during influenza seasons among elderly persons with chronic lung disease. Vaccine
1999;17: S91-S93
[20] Christenson B, Hedlund J, Lundbergh P, Ortqvist A. Additive preventive effect of
influenza and pneumococcal vaccines in elderly persons. Eur Respir J 2004; 23:
363-8.
[21] Yoshimine H, Oishi K, Mubiru F, et al. Community-acquired pneumonia in
Ugandan adults: short-term parenteral ampicillin therapy for bacterial pneumonia.
Am J Trop Med Hyg 2001; 64: 172-7.
[22] Anthonisen NR, Manfreda J, Warren CP, Hershfield ES, Harding GKM, Nelson
NA. Antibiotic therapy in exacerbations of chronic obstructive pulmonary disease.
Ann Intern Med 1987;106:196-204
[23] Wongsturakiat P, Maranetra KN, Wasi C, Kositanont U, Dejsomritrutai W,
Charoenratanakul S. Acute respiratory illness inpatients with COPD and the
effectiveness of influenza vaccine. A randomized controlled study. Chest 2004; 125:
2011-20.
[24] WHO Pneumococcal Serology Reference Laboratories. Training manual for
enzyme linked immunosorbent assay for quantitation of Streptococcus pneumoniae
19

serotype specific IgG (Pn PS ELISA). 9 June, 2004 World Health Organization.
Geneva, Switzerland. http://www.vaccine.uab.edu/ELISA%20Protocol.pdf.
[25] Concepcion NF, Frasch CE. Pneumococcal type 22F polysaccharide absorption
improves the specificity of a pneumococcal-polysaccharide enzyme-linked
immunosorbent assay. Clin Diagn Lab Immunol 2001; 8: 266-72.
[26] Feikin DR, Klugman KP, Facklam RR, Zell ER, Schuchat A, Whitney CG, for the
active bacterial core surveillance/ emerging infections Program Network. 2005.
Increased prevalence of pediatric pneumococcal serotypes in elderly adults. Clin
Infect Dis 2005; 41: 481-7.
[27] Dewan NA, Rafique S, Kanwar B, et al. Acute exacerbation of COPD. Factors
associated with poor treatment outcome. Chest 2000; 117: 662-71.
[28] Cote CG, Dordelly LJ, Celli BR. Impact of COPD exacerbations on patient-centered
outcome. Chest 2007; 131: 696-704
[29] Madhi SA, Klugman KP, The Vaccine Trialist Group. A role for Streptococcus
pneumoniae in virus-associated pneumonia. Nature Med 2004; 10: 811-3.
[30] McCullers JA, Rehg JE. Lethal synergism between influenza virus and Streptococcus
pneumoniae: characterization of am mouse model and the role of platelet-activating
factor receptor. J Infect Dis 2002; 186: 341-50.
[31] Poltola VT, Murti KG, McCuller JA. Influenza virus neuraminidase contributes to
secondary bacterial pneumonia. J Infect Dis 2005; 192: 249-57.
[32] Christenson B, Lundbergh P, Hedlund J, Ortqvist A. Effects of a large-scale
intervention with influenza and 23-valent pneumococcal vaccines in adults aged 65
20

years or older: a prospective study. Lancet 2001; 357:1081-11.
[33] Honkanen PO, Keistinen T, Miettinen L, et al. Incremental effectiveness of
pneumococal vaccine on simultaneously administered influenza vaccine in
preventing pneumonia among persons aged 65 years or older. Vaccine
1999;17:2493-2500.
[34] World Health Organization. Pneumococcal conjugate vaccines. Recommendations
for the production and control of pneumococcal conjugate vaccines. WHO
Technical

Report

Series

No.927,

Annex

2,

2005.

http://www.who.int/biologicals/publications/trs/vaccines/pneumo/en/index.html.
[35] Malley R, Lipsitch M, Bogaert D, et al. Serum antipneumococcal antibodies and
pneumococcal colonization in adults with chronic obstructive pulmonary diseases. J
Infect Dis 2007; 196: 928-35.
[36] Eagan R, Twigg HL, French N, et al. Lung fluid immunoglobulin from
HIV-infected subjects has impaired opsonic function against pneumococci. Clin
Infect Dis 2007; 44: 1632-8.
[37] Motegi T, Yamada K, Kida K. Cost analysis inpatient therapy for patient with acute
exacerbation of chronic obstructive pulmonary disease. Nihon Kokyuki Gakkai
Zasshi 2006; 44: 787-94.
[38] Connors AF, Dawson NV, Thomas C, et al. Outcome following acute exacerbation
of severe chronic lung disease. The SUPPORT investigators (Study to understand
prognoses and preferences for outcomes and risks of treatments). Am J Respir Crit
Care Med 1997; 154: 959-67.
21

[39] Simonens S, Decramer M, De Coster S, Celis G, Laekeman G. Clinical and
economic analysis of antimicrobial therapy of chronic obstructive pulmonary disease
exacerbations. Int J Clin Pract 2007; 61: 200-6.

22

Figure legends
Fig. 1. Flow diagram of study patients with chronic lung disease.
Fig. 2. Kaplan-Meier survival curves for patients with chronic lung diseases (CLD)
showing the proportion of subjects free from pneumonia (A) and infectious acute
exacerbation (B) between PV+IV group and IV group during the follow-up period.
Fig.3. Kaplan-Meier survival curve for patients with chronic obstructive pulmonary
diseases (COPD) showing the proportion of subjects free from infectious acute
exacerbation between PV+IV group and IV group during the follow-up period.
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Table 1. Demographic features and outcome of patients with chronic lung diseases (CLD)
No. of patients (%)
Characteristics

All subjects
n =167

PV+IV group
n = 87

P-value
IV group
n = 80

Subcategories of CLD
COPD
Sequelae of
pulmonary tuberculosis

55 (32.9)

24 (27.6)

31(38.8)

0.125

50 (30.0)

33 (37.9)

17 (21.3)

0.018

Other CLDs

62 (37.1)

30 (34.5)

32 (40.0)

0.461

25 (32.9)

13 (27.6)

12 (38.8)

0.284

76 (45.5)

32 (36.8)

44 (55.0)

0.022

6 (3.6)

1 (1.1)

5 (6.3)

0.106

15 (9.0)

9 (10.3)

6 (7.5)

0.557

7 (8.0)

7 (8.8)

0.870

Outcome
Pneumonia
Acute exacerbation
Infectious
Pneumococcal
Non-infectious
Death

14 (8.4)

PV;pneumococcal polysaccharide vaccine, IV; influenza vaccine, COPD; chronic obstructive pulmonary disease.
Acute exacerbations are classified into two categories; infectious and non-infectious acute exacerbation. Infectious
acute exacerbation involves pneumococcal acute exacerbation.

Table 2. Outcome of patients with COPD, sequelae of pulmonary tuberculosis (SPTB) and other
chronic lung diseases (CLDs) by vaccine group during 2 years after vaccination
Subcategories of CLD/ Outcome

No. of patients (%)

P value

PV+IV group (n=87)

IV group (n=80)

6 (6.9)

5 (6.3)

0.615

9 (10.3)
5 (5.7)

21 (26.3)
2 (2.5)

0.037
0.315

3 (3.4)

2 (2.5)

0.218

10 (11.5)
2 (2.3)

7 (8.7)
3 (3.8)

0.442
0.594

4 (4.6)

5 (6.3)

0.379

13 (14.9)
2 (2.3)

16 (20.0)
1 (1.3)

0.599
0.616

COPD
Pneumonia
Acute exacerbation
Infectious
Non-infectious
SPTB

Pneumonia
Acute exacerbation
Infectious
Non-infectious
Other CLDs
Pneumonia
Acute exacerbation
Infectious
Non-infectious

PV；pneumococcal polysaccharide vaccine, IV; influenza vaccine, COPD: chronic obstructive pulmonary diseases.
Acute exacerbations are classified into two categories; infectious and non-infectious acute exacerbation.

Table 3. Estimated result of Cox’s proporti onal hazard model for pneumonia, infectious acut e
exacerbation, and non-infectious acute exacerbation in patients with chronic lung diseases during the
first and the second year
Period

Variables

Pneumonia
Hazard ratio
(95% CI)

First
year

Second
year

Acute exacerbation,Infectious
P value

Hazard ratio
(95% CI)

Acute exacerbation, Non-infectious

P value

Hazard ratio
(95% CI)

P value

PV

0.70 (0.31-1.60)

0.402

0.58 (0.37-0.91)

0.019

1.40 (0.50-3.94)

0.522

PV

0.72 (0.32-1.68)

0.452

0.56 (0.35-0.90)

0.016

1.56 (0.54-4.52)

0.411

Age older than 55 y.o.
Age older than 65 y.o.
Age older than 75 y.o.
Female

N.A.
1.05 (0.13-8.52)
2.63(0.33-20.8)
0.41(0.14-1.23)

N.A.
0.963
0.359
0.113

1.02 (0.33-3.12)
1.15 (0.40-3.27)
0.92 (0.31-2.75)
1.01 (0.63-1.61)

0.973
0.798
0.878
0.972

1.97 (0.22-17.4)
0.33 (0.03-3.76)
1.97 (0.23-17.1)
1.01 (0.33-3.08)

0.543
0.375
0.534
0.982

PV

0.54 (0.13-2.25)

0.397

0.65 (0.26-1.59)

0.342

0.99 (0.28-3.51)

0.987

PV

0.47 (0.11-2.05)

0.314

0.64 (0.25-1.64)

0.351

1.03 (0.26-3.98)

0.969

Age older than 55 y.o.
Age older than 65 y.o.

N.A.
0.31 (0.31-3.05)

N.A.
0.315

1.11 (0.11-10.76)
1.46 (0.18-12.1)

0.93
0.725

1.36 (0.12-14.97)
0.36 (0.03-4.29)

0.800
0.418

Age older than 75 y.o.

0.60 (0.61-5.77)

0.655

0.81 (0.09-7.73)

0.857

1.09 (0.11-10.78)

0.939

Female

0.22 (0.27-1.84)

0.163

1.18 (0.47-2.99)

0.72

1.18 (0.32-4.37)

0.797

N.A.: not applicable, PV: pneumococcal vaccine. CI: confidence interval

Table 4. Serotype-specific IgG in sera from 35 patients with chronic lung diseases before 1 month, 6 months, 1 year and 2 years after vaccination
Time
point

GMC of IgG
(μg/ml) (95% CI)

6B

pre
1 month
6 months
1 year
2 year

3.46 (2.51-4.76)
5.26 (3.78-7.54)*
3.51 (2.48-5.1)
3.41 (2.48-4.85)
2.68 (1.86-3.97)

14

pre
1 month
6 months
1 year
2 year

5.69 (4.44-7.03)
12.63 (8.76-16.61)*
10.35 (7.17-13.6)*
8.97 (6.36-11.47)*
7.76 (5.53-10.07)*

19F

pre
1 month
6 months
1 year
2 year

4.91 (3.67-6.55)
7.05 (5.37-9.3)*
4.81 (3.56-6.49)
4.60 (3.56-5.93)
4.58 (3.46-6.05)

23F

pre
1 month
6 months
1 year
2 year

2.60 (1.97-3.42)
5.82 (3.71-9.12)*
4.06 (2.72-6.05)*
3.56 (2.48-5.1)*
2.8 (1.9-4.1)

Serotype

GMC: geometric mean concentration; CI, confidence interval;
*P<0.01 (for comparison with prevaccination value).

