
Lifestyle risk factors for invasive
pneumococcal disease: a systematic
review

Helen C Cruickshank,1 Johanna M Jefferies,1 Stuart C Clarke1,2,3

To cite: Cruickshank HC,
Jefferies JM, Clarke SC.
Lifestyle risk factors for
invasive pneumococcal
disease: a systematic review.
BMJ Open 2014;4:e005224.
doi:10.1136/bmjopen-2014-
005224

▸ Prepublication history for
this paper is available online.
To view these files please
visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2014-005224).

HCC and JMJ contributed
equally.

Received 13 March 2014
Revised 3 June 2014
Accepted 4 June 2014

1Faculty of Medicine and
Institute of Life Sciences,
University of Southampton,
UK
2NIHR Southampton
Respiratory Biomedical
Research Unit, Southampton,
UK
3Public Health England, UK

Correspondence to
Dr Stuart C Clarke;
S.C.Clarke@soton.ac.uk

ABSTRACT
Objective: To systematically review the literature for
evidence of smoking and alcohol intake as independent
risk factors for invasive pneumococcal disease (IPD).
Design: Systematic review.
Methods: MEDLINE (1946—May 2012) and EMBASE
(1947—May 2012) were searched for studies
investigating alcohol or smoking as risk factors for
acquiring IPD and which reported results as relative
risk. Studies conducted exclusively in clinical risk
groups, those assessing risk factors for outcomes
other than acquisition of IPD and studies describing
risk factors without quantifying a relative risk were
excluded.
Results: Seven observational studies were identified
and reviewed; owing to the heterogeneity of study
design, meta-analysis was not attempted. Five of six
studies investigating smoking reported an increased
risk of IPD in the range 2.2–4.1. Four of the six studies
investigating alcohol intake reported a significant
increased risk for IPD ranging from 2.9 to 11.4, while
one reported a significant protective effect.
Conclusions: Overall, these observational data
suggest that smoking and alcohol misuse may increase
the risk of IPD in adults, but the magnitude of this risk
remains unclear and should be explored with further
research. The findings of this review will contribute to
the debate on whether pneumococcal vaccine should
be offered to smokers and people who misuse alcohol
in addition to other clinically defined risk groups.

INTRODUCTION
Invasive pneumococcal disease (IPD) is a
serious illness caused by the Gram-positive
bacterium Streptococcus pneumoniae. The bac-
terium is responsible for a spectrum of ill-
nesses ranging from ear infections to severe
systemic, invasive disease such as bacter-
aemia, bacteraemic pneumonia or meningi-
tis, the long-term effects of which can be
profound.1

The pneumococcus is a diverse bacterium
with more than 90 serotypes and vaccines
have been developed to target the most
important of the pneumococcal serotypes.2

In the UK, two vaccines are currently in use:
a 13-valent polysaccharide conjugate vaccine
(PCV13) which replaced PCV7 in 2010 in
the childhood immunisation programme
and a 23-valent plain polysaccharide vaccine
(PPV23) for people over 65 years and
defined risk groups. The UK policy was
updated in July 2013 to offer the conjugate
vaccine to those who are clinically severely
immunocompromised, while other risk
groups continue to receive the plain polysac-
charide vaccine.3 Policy on whom to immun-
ise against pneumococcal disease varies
internationally but, like the UK, many coun-
tries offer immunisation to infants, older
people and those in clinical risk groups.4

Since the introduction of the first 7-valent
conjugate vaccine into the UK childhood
immunisation programme in 2006, there has
been an overall reduction in the incidence
of reported IPD.5 However, it is well estab-
lished that some clinical conditions infer an
increased risk of contracting IPD, and it is
becoming apparent that individuals with
such conditions remain at increased risk
despite the introduction of conjugate vac-
cines which induce large herd immunity
effects for vaccine serotypes.6 7

Current policy from the UK Department
of Health defines the following clinical risk
groups as being eligible for pneumococcal
immunisation: asplenia or dysfunction of the

Strengths and limitations of this study

▪ This systematic review provides some evidence
that smoking and alcohol independently increase
the risk of invasive pneumococcal disease in
adults.

▪ The findings of the review are relevant to policy-
makers considering which risk groups should be
offered pneumococcal vaccination.

▪ This review was limited by the relatively small
number of studies and the heterogeneity of
study design.
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spleen, chronic respiratory disease, chronic heart
disease, chronic kidney disease, chronic liver disease,
diabetes, immunosuppression, individuals with cochlear
implants and individuals with cerebrospinal fluid leaks.8

In some countries, including the USA and Australia, the
‘lifestyle’ risk factors of smoking and alcohol (cate-
gorised as ‘alcoholism’) are additionally included in
pneumococcal immunisation policy for the polysacchar-
ide vaccine, alongside clinical risk groups (table 1).
Other countries, including the UK, do not include
smoking and alcohol use in their pneumococcal immun-
isation policy.
Although other reviews have discussed risk factors for

IPD,9–11 we are not aware of any other systematic reviews
which have attempted to quantify the level of risk asso-
ciated with smoking and alcohol. As international policy
on immunisation of individuals in smoking and alcohol
risk groups varies, we set out to systematically review the
literature for evidence of these two important lifestyle
indicators as independent risk factors for IPD. We also
assess the implications of our findings on vaccination
policy. This systematic review is reported in accordance
with the PRISMA guidelines for systematic reviews.12

METHODS
Search strategy and study selection
We performed searches with MEDLINE (1946—May
2012) and EMBASE (1947—May 2012) using the follow-
ing search terms:
▸ Subject headings [risk or risk factors] OR keyword

[risk*] AND
▸ Subject headings [Streptococcus pneumoniae or

pneumococcal infection] OR keywords
[Streptococcus pneumoniae or pneumococc* or IPD
or invasive pneumococcal disease] AND

▸ Subject headings [smoking or alcohol] OR keywords
[smok* OR alcohol*]
In addition to the main database searches, the refer-

ence lists of key studies and reviews were searched to
identify any other relevant studies. There were no restric-
tions on study type or date. We included all studies inves-
tigating alcohol or smoking as risk factors for acquiring
IPD (defined as disease where S. pneumoniae had been
isolated from a normally sterile site). We excluded

studies which were conducted exclusively in clinical risk
groups (eg, patients with HIV) and studies which only
looked at risk factors for outcomes other than acquiring
IPD, for example, mortality from IPD. Studies which
only described risk factors without quantifying a relative
risk were also excluded.
Selection of studies was undertaken independently by

two reviewers (HCC and JMJ) in three stages: title scan-
ning, abstract review and full text review. If there was dis-
agreement in the studies selected, consensus was
reached before proceeding to the next stage.

Quality assessment
The selected studies were independently assessed for
quality by two reviewers (HCC and JMJ) using the frame-
work ‘Quality Appraisal of Correlation Studies’,13 which
is used by the National Institute for Health and Care
Excellence (NICE) to develop public health guidance.
This is a checklist which allows scoring of internal and
external validity of each study, with grades of ++, + and −
assigned to each question, taking into account the popu-
lation, selection of participants, exposure and outcome
measures and analyses. A summary score for internal/
external validity is obtained, where ++/++ is the highest
score which indicates that the study has been carried out
in a way which minimises bias and confounding and is
generalisable to a wider population. A lower score did
not always reflect that a study had been poorly con-
ducted, but instead could indicate that it did not contain
sufficient information to determine validity.

Data extraction and synthesis
Standard forms were used by both reviewers to extract
data. The parameters collated included study size,
setting, population, comparator group, whether smoking
and/or alcohol were assessed and analysis of confoun-
ders (table 2). As IPD can manifest in different ways and
the studies varied in which aspects they had investigated,
the studies were grouped according to the disease
outcome they had assessed. Risk estimates were extracted
for each study.

RESULTS
Identification of studies
The initial search identified 988 studies and seven add-
itional studies were identified by searching the refer-
ences of key studies and reviews. After assessment of
titles and abstracts, 36 studies were selected for full text
review (figure 1). Twenty-seven studies were then
excluded for not meeting the inclusion criteria and two
were excluded14 15 because they assessed risk factors
associated with a diagnosis of bacteraemic pneumonia
compared with non-bacteraemic pneumococcal pneu-
monia and were not designed to assess the risk of
smoking or alcohol use on all IPD compared with
healthy controls.

Table 1 International comparison of IPD rates and risk

factor immunisation policy

Country

Crude rate of

reported IPD per

100 000 (2010)

Smoking/alcoholism as

risk factors in

immunisation policy?

USA 12.932 Yes (PPV)26

Australia 7.433 Yes (PPV)34

France 7.935 No

UK 9.135 No

IPD, invasive pneumococcal disease; PPV, plain polysaccharide
vaccine.
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Table 2 Characteristics of the final seven studies included in the review

Study

Study

population

Number

of cases Comparator Location IPD outcome Confounders measured

Risk

factors Quality

Flory

et al20
Adults ≥18 years 609 Regional survey

data sets

USA Bacteraemic pneumococcal

pneumonia

Gender, ethnicity, age, income,

education, diabetes, cancer, asthma

Smoking +/+

Jacups

and

Cheng21

Adults (classified

as ≥14 years)

205 Regional survey

data sets

Australia Community-acquired

bacteraemic pneumococcal

pneumonia

Age, gender, ethnicity, diabetes,

alcohol, smoking

Smoking,

alcohol

++/+

Kyaw

et al16
Adults ≥18 years 4335 National survey

data sets

USA Invasive pneumococcal

disease

Ethnicity, age, diabetes, chronic heart

disease, chronic lung disease, cancer,

HIV/AIDS

Alcohol ++/++

Lipsky

et al22
Men attending

veterans medical

centre

63 130 patients from

same medical

centre

USA All pneumococcal disease

including IPD

Age, smoking Smoking,

alcohol

+/−

Nuorti

et al17
Adults 18–

64 years

228 301 age-matched

controls

USA/

Canada

Invasive pneumococcal

disease

Smoking
Age, gender, ethnicity, socioeconomic

indicators, chronic disease, smoking

status, alcohol, study area, status of

children in household

Alcohol
Age, study area

Smoking,

alcohol

++/++

Pastor

et al19
All ages 432 National survey

data sets

USA Invasive pneumococcal

disease

Only crude rates reported Smoking,

alcohol

−/−

Watt

et al18
Adults ≥18 years

from Navajo

Nation

118 353 age-matched

and sex-matched

controls

USA Invasive pneumococcal

disease

Smoking
No adjustment in analysis but

age-matched and sex-matched control

study

Alcohol
Age, PPV, chronic renal failure,

congestive heart failure, BMI,

unemployment

Smoking,

alcohol

++/+

BMI, body mass index; IPD, invasive pneumococcal disease.
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Study characteristics
Of the seven studies remaining for full analysis, six inves-
tigated smoking as a risk factor for IPD and six looked
at alcohol as a risk factor. The study characteristics are
shown in table 2. Four of the studies16–19 used all IPD as
the definition for selecting cases, two used bacteraemic
pneumococcal pneumonia20 21 and one used any
pneumococcal disease, including IPD.22 The studies pre-
sented data on a range of risk factors; however, for the
purpose of this review, only data relating to smoking and
alcohol were extracted.
Three of the studies17 18 22 were case control studies

where controls were selected from either the hospital22

or the community.17 18 In the remaining four studies,
risk factors in the cases were compared with risk factor
data from regional or national data sets.

Quality of studies
The quality of the included studies varied from the
lowest possible score of −/− to the highest possible
score of ++/++ (table 2). Where studies did not score
highly, there tended to be possible bias from the
methods used to measure smoking and alcohol use, a
lack of consideration of potential confounders or poor
generalisibility. The highest scoring studies may still have

had limitations inherent in observational studies, but
were considered to be of a higher quality compared to
the others in the review.

Smoking and alcohol as risk factors for IPD
Meta-analysis was not attempted due to heterogeneity;
the studies differed considerably in methodological
design, risk factor assessment and disease groupings.
Although there was variation in how the risk factors and
comparators were defined, five of the six studies which
analysed smoking reported a significant increase in risk
for current smoking (figure 2). For the five studies
which reported an increased risk, estimates ranged from
an OR of 2.2 (1.7 to 3.0)20 for bacteraemic pneumococ-
cal pneumonia to 4.1 (2.4 to 7.3) for all IPD17 (table 3).
The sixth study reported a non-significant increase in
risk in smokers. Of the six studies which considered
alcohol as a risk factor for IPD, four reported a signifi-
cantly increased risk, ranging from an OR of 2.9 (1.5 to
5.4)18 to a rate ratio of 11.4 (5.4 to 21.916; figure 3).
Since the disease is rare, the rate ratio was considered
comparable with the ORs. In the two remaining studies,
one suggested a reduced risk of IPD with moderate
alcohol use (OR=0.7 (0.5 to 1.0))17 and the other
showed a non-significant decrease in risk for heavy
drinking and a non-significant increase for alcohol
abuse.22

DISCUSSION
This systematic review assessed the evidence for smoking
and alcohol as risk factors for developing IPD in adults.
We found that there was some limited, but not conclu-
sive, evidence that smoking and alcohol are independ-
ent risk factors for IPD. The results for smoking were
more consistent than for alcohol. All six studies investi-
gating smoking as a risk factor found an increased risk
(although 1 of these was not significant), regardless of
the quality of the study. Of the studies reporting a sig-
nificantly increased risk, OR estimates ranged from 2.2
(1.7 to 3.0) to 4.1 (2.4 to 7.3) for current smoking, indi-
cating at least a doubling of risk for IPD. The results for
alcohol were more variable, which may reflect the
greater complexity in measuring and categorising
alcohol intake compared with smoking. For alcohol, the
lowest risk estimate was an OR of 0.7 (0.5 to 1.0), which
was suggestive of a protective effect, and the highest esti-
mate was a rate ratio of 11.4 (5.9 to 21.9) indicating a

Figure 1 Literature search strategy.

Figure 2 Smoking and the risk

of invasive pneumococcal

disease.
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significant increase in risk. However, the studies used dif-
ferent methods of quantifying alcohol intake; the lowest
estimate used moderate drinking (0 to 25 alcohol drinks
per week) and the higher estimate used alcohol abuse
(men who consumed more than 20 drinks/week and
women who consumed more than 16 drinks/week).

Strengths and limitations
The studies included in this review were identified
through comprehensive and systematic searches of inter-
national databases. However, the review itself was limited
by the relatively small number of studies found which had
reported results for smoking and alcohol as risk factors for

Table 3 Estimated risks by disease outcome

Study Comparison

Estimated risk—

smoking (95% CI) Comparison

Estimated risk—

alcohol (95% CI)

All IPD

Kyaw et al16 – Not reported Alcohol abuse* vs no

alcohol abuse

11.4 (5.9 to 21.9)†

Nuorti et al17 Current‡ vs never-smoker

with no passive smoking

Former smoker‡ vs

never-smoker with no

passive smoking

OR=4.1 (2.4 to 7.3)

OR=1.1 (0.5 to 2.2)

Moderate§ vs none OR=0.7 (0.5 to 1.0)

Pastor et al19 Current vs non-smoker OR=2.6 (1.9 to 3.5)

(unadjusted)

Heavy alcohol use¶ vs

not heavy use

OR=4.1 (2.9 to 6.1)

(unadjusted)

Watt et al18 Current** vs never-smoker

Former** vs never-smoker

OR=1.1 (0.5 to 2.3)

(unadjusted)

OR=1.5 (0.8 to 2.8)

(unadjusted)

Alcohol use or

alcoholism vs no alcohol

use†††

OR=2.9 (1.5 to 5.4)

Bacteraemic pneumococcal pneumonia

Flory et al20 Current vs not current or

never

OR=2.2 (1.7 to 3.0) – Not reported

Jacups and Cheng21 Smoking vs not smoking OR=2.7 (1.9 to 3.7) Excess alcohol†† vs no

alcohol excess

OR=4.8 (2.8 to 8.3)

All pneumococcal disease

Lipsky et al22 Current‡‡ vs never

Former‡‡ vs never

OR=4.0 (1.4 to 11.6)

OR=2.1 (0.8 to 6.0)

Heavy*** vs moderate

Abuse*** vs moderate

OR=0.7 (0.5 to 3.5)

OR=1.3 (0.4 to 4.3)

(unadjusted)

*Alcohol abuse: men who consumed more than 20 drinks/week and women who consumed more than 16 drinks/week.
†Rate ratio.
‡Current smoker: still smoking or quit within the previous year and former smoker: quit more than 1 year previously.
§ Moderate drinking: more than 0 and fewer than 25 alcoholic drinks per week in the previous month. Heavy drinking was also included in this
study but excluded from this analysis because of low numbers (n=2).
¶Heavy alcohol use: daily consumption of alcohol or a diagnosis of alcoholism.
**Current smoking: at least 100 cigarettes in the past year and former smoking (at least 100 cigarettes in the past without current smoking.
††Alcohol excess: average daily consumption greater than 60 g alcohol for men and 40 g for women.
‡‡Current smoker: smoked within the previous 6 months and former smoker: quit more than 6 months previously.
***Heavy alcohol use (at least 5 drinks on at least 5 days a week) and alcohol abuse (documented medical or psychosocial problems caused
by alcohol).
†††Uses alcohol: self-reported alcohol use or alcoholism (either a diagnosis of alcoholism in medical record or documentation of conditions
due to alcohol use).
IPD, invasive pneumococcal disease.

Figure 3 Alcohol and the risk of invasive pneumococcal disease.
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IPD. Given the heterogeneity of study design, including
different clinical end points, meta-analysis was not appro-
priate and thus a summary estimate was not obtained.
All the seven studies were observational studies, and as

such were inherently vulnerable to bias. A particular
source of bias in individual studies was likely to be the
way in which smoking and alcohol status were deter-
mined. ‘Smoking’ and ‘alcohol’ are broad terms and
were interpreted differently in the studies, but the way
in which the data were collected also varied, for
example, by questionnaire or extracting data from
medical records. Self-reporting of lifestyle risk factors or
reliance on clinicians’ recording of them will inevitably
result in some degree of error. Risk factors are likely to
be under-reported in both cases and controls, leading to
bias towards the null hypothesis. The differences in how
smoking and alcohol use were defined also made it diffi-
cult to compare the risks between studies. Publication
bias may also be a consideration in this review if there
was a tendency to publish only those results where a
positive association is shown.
The data in this review were derived from studies which

took place at different time points over three decades.
Over this period, there have been changes which may
have influenced risk factor studies, for example, develop-
ment of vaccination policy and practice, and changes in
circulating pneumococcal serotypes. An additional con-
sideration is that the methodology used in these studies
meant that exposure was assessed at, or around, the time
that the outcome (IPD diagnosis) occurred, rather than
measured over time. The studies did not describe the
duration of exposure, apart from in the most general
terms, and this is another factor which could account for
some variability between studies.
The quality of studies in this review was influenced by

the extent to which confounding was taken into
account, either at the design or analysis stage. Two of
the case control studies17 18 used matching of age and/
or gender of cases and controls to reduce confounding
by these factors in the design stage. Other studies
attempted to eliminate potential confounders using mul-
tivariable analysis techniques. There was no consistency
in how the risk estimates had been adjusted for confoun-
ders, and one study19 reported only unadjusted ORs.
Confounding could have a significant impact on the
results of these risk factor estimates. For example, a
recent study reported a more than fourfold increased
risk of IPD among adults with chronic obstructive pul-
monary disease (COPD)23 and, given the link between
smoking and COPD, this could be an important con-
founder. Despite the limitations associated with observa-
tional studies, they remain a useful tool for the
investigation of multiple risk factors in relatively rare dis-
eases such as IPD.

Biological mechanisms
Observational studies may provide evidence for an associ-
ation between an exposure and a disease but cannot

establish causality. In the case of IPD, there is some evi-
dence from this review that smoking and alcohol can be
independent risk factors for the disease. This epidemio-
logical link is supported to some extent by the existence of
possible biological mechanisms through which smoking
and alcohol could increase the risk of IPD. There are a
number of ways in which smoking may increase the risk of
invasive pneumococcal infection: by increasing bacterial
carriage; suppressing the immune system; impairing
wound healing; disrupting the respiratory epithelium or
impairing mucocilliary clearance.24 There is a substantial
body of evidence that shows that alcohol has specific
effects on particular parts of the immune system (for a
review, see Szabo and Mandrekar25) and this could lead to
an increased susceptibility to bacterial infections such as
IPD in people who drink above safe levels.

Implications for policy
Alcoholism has been an indication for pneumococcal
immunisation of adults in the US national recommenda-
tions for many years, and smoking has more recently
been included.26 These two risk factors are also included
in Australia’s pneumococcal vaccination programme.
The UK vaccination recommendations do not include
either of these indications, in line with other European
countries. The results of the review provide some evi-
dence that smoking and alcohol are risk factors for IPD.
However, this was based on a small number of heteroge-
neous studies and should be interpreted with caution.
Any decision on changing vaccination recommenda-

tions to include people who smoke or misuse alcohol in
the risk groups for pneumococcal vaccination needs to
take into account not only the epidemiological evidence
but also the wider considerations such as: the uncer-
tainty over the effectiveness of vaccination in adults with
chronic disease;27 whether priority should be given to
improving immunisation rates in currently defined risk
groups (eg, the HIV-positive population has an esti-
mated incidence of IPD 40 times higher than the
HIV-negative population28) or whether resources should
be focused instead on reducing the burden of smoking
and alcohol misuse in the population.
In England, 20% of adults report current smoking.29

A potential increase of this magnitude in the demand
for pneumococcal immunisation would impose a signifi-
cant additional burden on primary care services.
However, many smokers will already be eligible for
pneumococcal vaccination as smoking is a risk factor for
chronic health conditions such as COPD and coronary
heart disease that are currently included in the criteria.
Likewise, alcohol misuse is a risk factor for chronic liver
disease, which is also included. It is therefore difficult to
estimate the additional immunisation burden such a
policy change would create.

Implication for clinical practice
Specifying risk groups for pneumococcal immunisation
is just one aspect of the vaccination programme. The
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process through which the recommendations are imple-
mented and risk groups are targeted presents its own
challenges. A successful vaccination programme needs
to have appropriately trained health professionals, suffi-
cient vaccine and clinic resources and a range of oppor-
tunities for vaccination and willing patients. A study in
the UK showed that only 8% of adult patients with IPD
with a known risk factor (excluding age) had been vacci-
nated.30 In the USA, PPV coverage for high-risk adults
aged 19–64 in 2009 was 17.5%.31 This demonstrates the
challenge in identifying risk groups and the need to
opportunistically vaccinate wherever possible. Given
these low estimates of vaccination in high-risk groups, it
is important that attention is focused on improving
immunisation rates alongside consideration of which
risk groups to include in the immunisation programme.
If the UK did, in the future, expand its recommenda-
tions to include smoking and alcohol or other risk
factors, consideration would need to be given to how
the groups could effectively be targeted and vaccinated.
Alcohol use in particular would need clear definitions to
enable health professionals to identify appropriate
individuals.

Implications for further research
This review has identified that further research would be
helpful in understanding lifestyle risk factors for IPD.
The published studies quantifying smoking and alcohol
as risk factors are few in number and variable in meth-
odology and quality. Additional research with a more
detailed exploration of the exposures (eg, dose
response) and using consistent classifications of levels of
use would further develop understanding in this field
and help to inform policy. If smoking and alcohol
misuse were to be included in pneumococcal risk
groups in countries where they are not currently
included, policymakers would need to be confident that
the available vaccines would provide adequate protec-
tion. The UK Green Book states that PPV23 is ‘relatively
inefficient’ in chronic alcoholism, although this is not
referenced. Further studies on the efficacy of PCV13
and PPV23 in smokers and people who misuse alcohol
are required.

CONCLUSIONS
Although limited by the small number of eligible studies
and the variation in methodology, this is an important
review as it brings together the existing evidence for a
significant public health question and highlights the
need for further investigations. Policymakers may want
to consider offering pneumococcal vaccine to smokers
as there appears to be some evidence for an increased
risk of IPD in this group. However, the large number of
smokers in the UK means that such a decision should
also consider the efficacy of pneumococcal vaccines in
this group, the cost effectiveness of this approach as well
as the opportunity costs. Further evidence on the risk of

alcohol use for IPD and the effectiveness of pneumococ-
cal vaccines for those who misuse alcohol is required
before considering their inclusion in those indicated for
pneumococcal vaccine.
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