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Methods: This is a systematic review and meta-analysis of prevalence of, and risk factors for, pneumo-
coccal colonisation in adults > 60 years of age (PROSPERO #42016036891). We identified peer-reviewed
studies reporting the prevalence of S. pneumoniae colonisation using MEDLINE and EMBASE (until April
2016), excluding studies of acute disease. Participant-level data on risk factors were sought from each
study.

Findings: Of 2202 studies screened, 29 were analysable: 18 provided participant-level data (representing
6290 participants). Prevalence of detected pneumococcal colonisation was 0-39% by conventional culture
methods and 3-23% by molecular methods. In a multivariate analysis, colonisation was higher in persons
from nursing facilities compared with the community (odds ratio (OR) 230, 95% CI 1e26-4e21 and OR
7072, 95% CI 1e15-5185, respectively), in those who were currently smoking (OR 169, 95% CI 1e12-
2¢53) or those who had regular contact with children (OR 193, 95%Cl 1¢27-293). Persons living in
urban areas had significantly lower carriage prevalence (OR 043, 95%Cl 0¢27-0¢70).

Interpretation: Overall prevalence of pneumococcal colonisation in older adults was higher than expected
but varied by risk factors. Future studies should further explore risk factors for colonisation, to highlight

targets for focussed intervention such as pneumococcal vaccination of high-risk groups.
Funding: No funding was required.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association.
This is an open access article under the CC BY license. (http://creativecommons.org/licenses/by/4.0/)

Research in context:

Evidence before this study: Nasopharyngeal colonisation
with Streptococcus pneumoniae is a pre-requisite for pneu-
monia and invasive pneumococcal disease. Carriage preva-
lence in children can be as high as 90%, and geographic loca-
tion is a strong determinant of rates. In older people, carriage
spot-prevalence and risk factors are less clear. Defining these
has implications for understanding transmission, for example
in nursing home and outbreak settings, and to identify mod-
ifiable factors or at-risk groups.

Added value of this study: This systematic analysis in-
cludes extensive participant level data in adults over 60 years
of age to define prevalence and risk factors of upper air-
way pneumococcal colonisation. We incorporate 18 studies
and more than 6000 patients from contrasting geographical
and residential settings. Adults over the age of 60 had point
prevalence between 0 and 39% using classical microbiology
and 3 to 23% using bacterial DNA detection methods. Individ-
uals who have contact with children, smoke and those who
reside in a nursing home had a higher prevalence of carriage.

Implications of all the available evidence: This evidence
is a distillation of previously fragmented data which increase
our understanding of population colonisation and risk factors
for acquisition. The findings confirm that rates are lower than
in children, but identify a significant proportion of individuals
which could be protected by developing vaccines which re-
duce carriage. Using such tools, targeted intervention might
reduce the considerable burden of pneumococcal disease in
older adults.

Introduction

Streptococcus pneumoniae represents a leading cause of morbid-
ity and mortality, resulting from pneumonia, and invasive pneu-
mococcal disease (IPD, encompassing bacteraemia and meningitis).
Pneumococcal disease is most common at the extremes of age;!->
those over 65 years old are particularly susceptible, in part from
the effects of immunosenescence and frequent co-morbidities.*
The reported overall incidence of IPD in Europe was 6.2 cases per
100,000 population in 2017.° Higher rates occur in low income
countries, although data are fewer.5-7

S. pneumoniae is a frequent transient colonizer of the human
upper respiratory tract (naso- and oropharynx). In a minority of

cases this can lead to invasive disease but more usually, asymp-
tomatic colonisation generates specific immune responses, and
protects against future re-colonisation by the same serotype.8-12

Pneumococci spread by droplet transmission of nasopharyngeal
bacteria. Young children with high density colonisation are gen-
erally considered to be the reservoir for pneumococcal transmis-
sion in the population’® but adult-to-adult transmission has also
been documented, for example in nursing home populations, par-
ticularly in outbreak settings.'*~'> An understanding of population
level colonisation and dynamics is important in order to monitor
transmission and help to reduce the burden of invasive disease.

Rates of detection of S.pneumoniae in the nasopharynx of chil-
dren are reported to be as high as 90%.15-18 In ageing adults, rates
from highly disparate cohort studies are widely variable. This vari-
ation may be driven by study-level factors, including geographi-
cal location, site of sampling (nasopharyngeal vs oropharyngeal)
and detection methods (e.g., classical microbiological culture in the
case of low-density colonisation in adults may be less sensitive
than molecular methods). A recent study highlighted a decrease in
colonisation density at older ages, particularly >50 years old, and
showed improved detection of pneumococcal colonisation when
molecular methods were used.!® Putative determinants of coloni-
sation include overcrowding, smoking, increasing age, institutional-
ization, recent respiratory tract infection and contact/cohabitation
with young children.!-20-23

The burden of pneumococcal disease has been successfully re-
duced by the introduction of pneumococcal conjugate vaccination
regimens into infant immunisation programmes.?* Since the intro-
duction of the seven-valent pneumococcal conjugate vaccine (PCV)
in 2000, there has been a general decline in vaccine serotype IPD
in children and all other age groups, indicating an indirect ef-
fect. This has, however, been accompanied by a concurrent in-
crease in non-vaccine serotype carriage in vaccinated children and
adults, resulting in relatively unchanged overall carriage preva-
lence, 11:17,25-30

An understanding of population level colonisation and the in-
fluence of risk factors is important to assess the risk of acquisition
and colonisation and subsequent disease in both the individual and
the community. Furthermore, it allows identification of potentially
modifiable risk factors to reduce the burden in populations with
the highest incidence of IPD (i.e. older adults).

The objective of the systematic review and meta-analysis was
to define the prevalence and risk factors for upper airway pneumo-
coccal colonisation in adults over 60 years of age using participant
level data from previously published reports.
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Methods

We searched for articles from MEDLINE and EMBASE databases
in April 2016 for English language manuscripts published since
1946 using the following search terms: (“pneumococcus” [ti]
OR “Streptococcus pneumoniae” [MESH]) AND (“carriage” [ti] OR
“colonis* [ti]). Additional articles were identified through discus-
sion with experts with knowledge of other sources. Inclusion and
exclusion criteria are given in Box 1.

Two independent reviewers screened the resulting titles and
abstracts, reaching agreement through consensus to include studies
reporting rates of nasopharyngeal and/or oropharyngeal colonisa-
tion of S. pneumoniae by detection through classical culture and/or
PCR. We searched any adult study, excluding studies which: had
no participants over the age of 60 years as documented in the
manuscript or by subsequent confirmation with the correspond-
ing author; measured colonisation in participants with acute lower
respiratory tract infection or hospitalized participants; lacked peer
review or abstract only available; used inappropriate bacterial sam-
pling techniques; lacked clear methodology on population or sam-
pling method; abstract unavailable as English translation. Dupli-
cate articles were removed. Full text articles of the relevant ti-
tles/abstracts were evaluated independently by ELS and IW. The
review was registered with PROSPERO (#42016036891).

Assessment of study quality

Study quality data were extracted using the STrengthening the
Reporting of Observational studies (STROBE) criteria for epidemio-
logical studies (see Supplementary Table 1).

Summary data

Data were extracted from original manuscripts into a spread-
sheet, disaggregated by age. Where sufficient contextual informa-
tion was available, we inferred at the study-level pre-defined vari-
ables, which were hypothesised or previously documented risk fac-
tors for colonisation.

For each included article, we invited the corresponding author
to contribute de-identified individual participant level data includ-
ing potential risk factors for colonisation, and metadata relating to
the study. These risk factors were pre-defined by assessing previ-
ous research in pneumococcal disease and other respiratory illness.
All participants within their respective studies gave their informed
written consent to participate in the original study, and each study
was approved by their respective ethics committee.

Data extraction

We extracted information on study country and setting, dates
that the study was conducted as well as information regarding
pneumococcal vaccination programmes ongoing when the study
was conducted. We recorded the number of participants over the
age of 60 years as well as the recorded prevalence of S. pneumoniae
colonisation in that age group, where possible. Where available,
we extracted data of the prevalence of carriage across pre-defined
risk factors into a spreadsheet’. De-identified participant level data
(PLD) were cleaned and imported to R v3.4.3 for analysis.

Data analysis

We calculated exact binomial confidence intervals around the
estimate of proportion colonised for each study. For meta-analysis
of all available studies, we generated a generalized linear mixed-
effects model of logit transformed proportion using study as a ran-
dom effect.

For meta-analysis of participant level data, a joint modelling ap-
proach with multiple imputation (R package jomo)®' was fitted to
the colonisation data, to account for ‘missing’ data as a result of
differences in the risk factors being collected by each individual
study. Models fitted to the data assumed an initial fixed common
variance matrix across all individual studies. We used the Markov
Chain Monte Carlo (MCMC) algorithm (jomolran function) with a
burn in of 500,000 and a thinning factor of 1000. Two-hundred
imputed datasets were simulated, and a generalised linear mixed
model was fitted to each of the simulated datasets, including all
imputed risk factors. Imputed estimates of the log-odds associated
with each risk factor were combined according to Rubin’s rules.>?

Results

We screened 2202 studies with 2134 records excluded at this
stage (as detailed in Fig. 1). Sixty-eight full text articles were as-
sessed for eligibility of which, 23 studies were excluded due to: (1)
no data on elderly participants (n=13); (2) study article unavail-
able in English (n=5); study contained only data on IPD serotype,
not on colonisation (n=2); study included participants with acute
respiratory illness (n=2) and; alternative method of detecting car-
riage used (n=1).

Data were sought from 45 studies, and successfully extracted
from 29. Seventeen studies had data disaggregated by age in the
manuscript and had relevant data on carriage in participants over
60 years old. We received PLD from 18 studies. In the remain-
ing 27 studies PLD was not obtained due to: authors not con-
tactable (n=8), authors contacted but no data on adults >60 yrs
(n=4), authors contacted but could not give PLD for various rea-
sons (n=15). Three further studies could not give PLD but were
able to give age-specific prevalence that had not been detailed in
the original manuscript.

Summary-level data

Studies represented varied geographies: Europe (n=13), Africa
(n=7), the Americas (n=6), South-East Asia (n=2) and the West-
ern Pacific (n=1). Studies were predominantly from high income
countries (n=21), with low income countries presented by two co-
horts. Study quality analysis is given in Supplementary Table 1.

Prevalence of pneumococcal carriage in included studies was
highly variable, ranging from 0%—38e8% in those studies using
standard classical culture techniques of naso- and/or oropharyn-
geal swabs to detect S. pneumoniae carriage (Fig. 2). For classi-
cal microbiological detection, the pooled estimate of colonisation
was 9% (95% confidence interval (CI) 6-14%) representing data from
7823 participants. Using molecular diagnostics like PCR for detec-
tion, colonisation prevalence was 2¢7%—227% (Fig. 2), with pooled
estimate of 9% (95% CI 5-24%), representing 1224 individuals. One
study compared classical microbiology and PCR detection meth-
ods in the same participant group and found significantly higher
prevalence when using PCR (7¢6%, 95% CI 5¢2-10e9vs 22e7%, 95%
Cl 18e2-27¢2).33

Known and putative risk factors for pneumococcal carriage at
the study level are shown in Fig. 3, and in the Supplementary Table
4.

Participant level data

Participant level data from 6290 participants were available
within 18 studies. Studies that used microbiological culture as the
method of detection of S. pneumoniae carriage were included in a
multivariate analysis (5680 participants). Due to many missing val-
ues (more than 70% of data), the variables “passive smoking”, “lives
with children”, “number sleeping in household”, and “alcohol use”
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Fig. 1. PRISMA flowchart describing the identification and inclusion of data sources.

were excluded. The “season” variable was excluded due to incon-
sistencies in recording the timing of sampling.

In the univariate model, the variables “accommodation”, “set-
ting” and “contact with children” were found to be significantly as-
sociated with colonisation (Supplementary Table 4). Those residing
in a skilled nursing facility compared to living in the community,
those living in a rural area compared to an urban area and those
who had regular contact with young children (aged<6 years) were
found to have increased rates of pneumococcal colonisation.

The results from the generalised linear mixed model applied
to our dataset with imputed values are outlined in Table 1. For

all variables used in this analysis, data were obtained in at least
65% of participants. This model showed a significant increase
in the prevalence of pneumococcal colonisation in those living
in assisted living and more so those in a nursing facility, com-
pared with those living in community (OR 230, 95% CI 126-
421 and OR 772, 95% CI 1¢15-51e85, respectively). Participants
from urban areas had significantly lower prevalence of pneumo-
coccal colonisation than did those living in rural settings (OR 043,
95%Cl 0e27-0¢70). Current active smoking and regular (at least
weekly) contact with children aged <6 years was also associ-
ated with significantly higher prevalence of pneumococcal coloni-
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N X Source Sample Prop (95%Cl)
Classical
Almeida (2014) [1] 3361 Tr PLD OP+NP 0.02 (0.02-0.03) [ |
Hamaluba (2015) [28] 599 11 PLD NP 0.02 (0.01-0.03) -
Palmu (2012) [34] 592 9 Study>65 NP 0.02 (0.01-0.03) =
Coughtrie (2014) [26] 449 36 Study>65 NP 0.08 (0.06 - 0.11) -
Flamaing (2010) [14] 405 18 Study>60 NP 0.04 (0.03-0.07) -
Van Deursen (2016) [33] 330 25 PLD OP+NP 0.08 (0.05-0.11) ==
Roca (2011) [63] 317 123 PLD NP 0.39(0.33-0.44) i
Nzenze (2013) [58] 258 17 PLD OP+NP 0.07 (0.04-0.1) —-—
Hammitt (2014) [57] 216 43 PLD NP 0.2(0.15-0.26) —_—
Becker-Dreps (2015) [64] 212 4 PLD NP 0.02 (0.01-0.05) -—
Regev-Yochay (2004) [47] 195 9 Study>65 NP 0.05 (0.02 - 0.09) —
Reisman (2014) [65] 136 13 Study>60 NP 0.1(0.05-0.16) —
Hammitt (2006) [24] 115 15 Study>60 NP 0.13(0.07 - 0.21) —
Usuf (2015) [18] 107 12 PLD NP 0.11(0.06 - 0.19) =
Grant (2016) [66] 102 8 Study>60 NP 0.08 (0.03-0.15) ——
Farida (2014) [22] 89 9 PLD NP 0.1(0.05-0.18) ——
Abdullahi (2008) [67] 76 3 PLD NP 0.04(0.01-0.11) e
Millar (2008) [68] 70 9 Study>65 OP+NP 0.13(0.06 - 0.23) E——
Nuorti (1998) [15] 63 18 PLD NP 0.29(0.18-0.41)
Mosser (2014) [20] 58 8 Study>65 NP 0.14 (0.06 - 0.25) —_——
Adetifa (2012) [23] 43 10 PLD NP 0.23(0.12-0.39)
Collins (2013) [29] 21 4 Study>65 NP 0.19(0.05-0.42) —_——
Schaumburg (2013) [53] 5 2 PLD OP+NP 0.4 (0.05-0.85)
Van Hoek (2014) [61] 3 1 PLD NP 0.33(0.01-0.91)
Flasche(01)30) 1 0 P NP 0(0-098)
ALL classical (12 = 93.4%) 7823 484 0.09 (0.06 - 0.14) ’
PCR
Esposito (2016) [25] 417 41 PLD OP 0.1(0.07-0.13) —=
Van Deursen (2016) [33] 330 75 PLD OP+NP 0.23(0.18-0.28) ——
Ansaldi (2013) [9] 283 53 Study>60 NP 0.19(0.14-0.24) —
Safari (2015) [69] 149 4 PLD NP 0.03 (0.01-0.07) -—
Ortega (2015) [52] 45 2 PLD OP+NP 0.04 (0.01-0.15) F——
ALL PCR (12 = 94.4%) 1224 175 0.09 (0.05 - 0.24) 1 ?I’ , : ] |

02 03 04 05 06

Fig. 2. Forest plot of pneumococcal colonisation rates by publication, grouped by country income category. ‘n’ indicates total participants contributing data. ‘data’ indicates
participant level data (PLD), or agglomerated result from manuscript which includes adults of ages 60+ or 65+ (Study>60 and Study>65, respectively. ‘site’ indicates
nasopharyngeal or oropharyngeal sampling (NP and OP respectively). Proportions colonised are given with exact binomial 95% confidence intervals for each study. Summary

using a random effects logistic model with study as the random effect [63-69].

sation (OR 169, 95% CI 1¢12-2¢53 and OR 193, 95%CI 1¢2-293
respectively).

Male participants had significantly lower pneumococcal coloni-
sation than females (OR 076, 95% CI 0¢59-0¢98). Participants’ age
was not significantly associated with colonisation.

Discussion

Our systematic review and meta-analysis incorporate 29 stud-
ies and more than 7000 participants from a variety of geograph-
ical and residential settings. Adults aged 60 years and older had
point prevalence rates of S. pneumoniae colonisation between 0%
and 38.8% using classical microbiology, and 2.7% and 22e7% using
bacterial DNA detection methods. Pooled estimates for both detec-
tion techniques were similar (9%), with the three largest studies
reporting amongst the lowest rates, notably from European popula-
tions.!28:3% While substantially lower than rates in paediatric pop-
ulations, these findings challenge the convention that adults aged
over 60 years are only infrequent carriers.

Previous studies have found the average duration of colonisa-
tion in young adults is 2-3 weeks. 3236 If colonisation in older pop-
ulations is similar, the 9% point colonisation rate may have impli-
cations for the reservoir of circulating pneumococcus at the com-
munity level. For example, recent vaccine impact studies in the
UK have identified a high proportion of invasive disease caused by
a few key vaccine-type (e.g. 3, 19A) and non-vaccine type (8, 10A,

15A) pneumococci.’’ Some of these serotypes (3, 8, 19A) were in-
frequent/absent in childhood colonisation surveys carried out dur-
ing the same period,*® but have been identified in adult colonisa-
tion,?? which might explain their persistent circulation.

The most important risk factors were smoking, contact with
children and residence in a nursing home compared to living in the
community. Living in an urban setting and being male was associ-
ated with lower prevalence of carriage. Our findings are consistent
with previous studies. Cigarette smoking is a well-documented
risk factor for colonisation both directly in the elderly population!
and also exposure to passive smoke in children.* Cigarette smok-
ing has also been shown to be a strong independent risk factor
for invasive pneumococcal disease in the immunocompetent non-
elderly adult population.*! Potential mechanistic explanations in-
clude the effect of cigarette smoke on the oral microbiome*2-44
with a higher proportion of disease causing organisms and fewer
bacteria with interfering capabilities in smokers compared with
non-smokers.*> Smoking also increases host susceptibility to respi-
ratory viruses through the potential mechanisms of: impaired mu-
cocilary flow and increased permeability of the respiratory epithe-
lium.*6

Contact with young children, as an independent risk factor
for adult colonisation, has been previously documented, and con-
firms children being the most important reservoir for circulating
strains.*!-47-48 Adult-to-adult pneumococcal transmission has also
been documented within nursing homes and other institutions,
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Table 1
Multiple imputation generalised linear mixed model of risk factors for pneumococcal carriage using participant level
data.
Risk factor Missing data (%)  Odds ratio  95% confidence interval
Age (years) 0 0e99 0098-1¢01
Sex Female 005
Male 0e76 0059-0098
Accommodation type Community 0
Assisted living 230 1026-4021
Nursing facility 7072 1e15-5185
Geographical location Rural 0e07
Sub-urban 0042 0e17-1¢02
Urban 0e43 0e27-0070
Obstructive lung disease No 273
Yes 1965 0e97-281
Asthma No 3204
Yes 0e71 0e27-1086
Pneumococcal vaccination* No 009
Yes 1025 0e49-323
Smoker No 29
Yes 1969 1012-2e53
Regular contact with children’ No 10e1
Yes 1093 1027-2093
Respiratory illness* No el
Yes 1028 0e93-1e74
Received antibiotics in the past No 4e1
3 months Yes 0e71 0e38-1¢32
Climate Temperate 0
Sub-tropical 140 0e39-5e07
Tropical 2090 0086-9¢76

* Participant has ever received pneumococcal vaccination (pneumococcal polysaccharide vaccine or pneumococcal

conjugate vaccine).

T Regular contact was defined by at least weekly contact with a child/children under the age of 6 years.
¥ Any viral or bacterial respiratory illness within the past 2 weeks.

evidenced by cluster analysis of disease outbreaks within these
settings.'?:1°+49:50 Qur meta-analysis identified nursing home res-
idence as a risk factor, although total participant numbers were
small in this subgroup. Findings suggest that this, in combination
with reports of nursing home pneumococcal outbreaks, could sup-
port the designating of residents as higher-risk and therefore wor-
thy of PCV and pneumococcal polysaccharide vaccine (PPV) vac-
cination to protect against severe pneumococcal disease. A recent
study confirmed that PCV causes a transient reduction in vaccine
serotype carriage in older adults®!, and protection against vaccine
serotype pneumonia, further supporting a potential benefit of vac-
cination of higher-risk groups.

The data demonstrate stark intra-cohort differences in preva-
lence across different geographic settings, ranging from no docu-
mented carriage in a Spanish community setting®? to 40% carriage
in a community survey in Gabon.>® Living in a tropical climate
was not identified as an individual risk factor, however the ob-
served higher carriage rates in the tropics may reflect higher pop-
ulation or living densities.>*>> Nonetheless these individual fac-
tors may relate only to associations with other aspects of lower
economic status. Indeed, in keeping with paediatric data, the in-
creased risk of colonisation associated with residing in a rural set-
ting is partly explained by the economic conditions in these set-
tings, as seen in Aboriginal communities in Australia?!->6 and in
Sub-Saharan Africa.”’->8

Our results derive from rigorous systematic and approved
methodology, with strenuous effort to obtain participant-level data.
However, the results should be interpreted in light of several con-
siderations. As described, our data was derived from vast ge-
ographical settings and as such it is difficult to draw compar-
isons between such starkly contrasting populations. We used both
participant-level data (from 18 studies), and meta-data derived
from the study setting and inclusion/exclusion criteria. Not all
studies followed the WHO recommendation for measuring na-

sopharyngeal colonisation.”® Our analysis therefore combines na-
sopharyngeal and oropharyngeal colonisation into a single categor-
ical variable, in order to maximise statistical power. The combi-
nation of oro- and nasopharyngeal sampling may have influenced
results, incurring a bias towards lower values compared to using
nasopharyngeal sampling alone.

Risk factors are necessarily restricted to those for which data
were collected (or inferable); some, including alcohol consumption,
number of household members and participants’ cohabitation with
children had to be excluded due to insufficient completion rates.
We were also unable to codify data on seasonality. In order to anal-
yse the remaining variables, we used imputation. Imputation may
introduce bias, and although this overall dataset does represent a
very large proportion of published data, publication or reporting
bias may contribute significantly. There may also be other poten-
tial sources of bias in the data as a result of recruitment or sam-
pling methods, which might favour those with certain risk factors
for carriage giving a falsely elevated or decreased carriage risk

We have been unable to fully ascertain the association of
colonisation with some important risk factors, particularly im-
munisation. Data on individual elderly participant’s pneumococcal
vaccination history (with PPV) was included in the meta-analysis
and was found to not be a significant factor in pneumococcal
colonisation. National paediatric pneumococcal conjugate vaccine
policy was not codified into a study variable. This was due to stud-
ies being conducted over a number of years, during vaccination
policy change, as well as a number of studies in which vaccina-
tion policy was not outlined within the journal article. Results from
adult populations in high income countries demonstrate reduced
vaccine-serotype carriage where paediatric immunisation has been
programmatically introduced.??:39.60.61 However, in some cohorts
from low income countries, the effect on even paediatric circulat-
ing serotypes has been suboptimal, demanding better vaccination
coverage and time to eradicate PCV serotype circulation.’? It may
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Fig. 3. Each panel describes the colonisation rates for a given variable. Studies are
indicated by dots which size describes the number of participants contributing data
(see key). Lines connect data from the same study where these are available (where
dots exist with no line, all participants who were colonised from that study fell
into the given category). Graphs indicate studies with participant level data (green
circles) and those with only summary data (purple triangles) PLD: Participant Level
Data. (For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)

therefore be useful for a longitudinal study to be conducted in-
vestigating colonisation in the elderly in the context of childhood
vaccination programmes.

We also could not capture potentially significant differences in
living environment (for example crowding and paediatric preva-
lence rates), due to lack of granularity. Data for colonisation den-
sities were unavailable. We recommend that a consistent approach
to data capture and reporting is taken in studies; we have sug-
gested a core set of variables which should be considered in the
design of such future research (see Box 1). Standardising sampling
methods as described by the World Health Organisation®, or clar-
ifying the site and diagnostic method within the study protocol is
also a priority to enable accurate comparisons to be made between
population groups.

Box 1
Data elements to include in studies of colonisation rates for Streptococcus pneumo-
niae in older adults*.

Individual

Age

Sex

Smoking and passive smoking

Accommodation type (community, institutional facility)
Accommodation density (# per house and per bedroom)

Contact with children (<5 years) in the home

Contact with children (<5 years) at work

Exposure to household air pollution (by specific domestic fuel types)
Antibiotic use (in the preceding 1 month)

Hospital admission (in the preceding 3 m)

Influenza vaccine in the preceding year

Pneumococcal vaccine (type and date)

Vaccination programme in children, time since introduction and coverage
Chronic respiratory illness (COPD, asthma)

Diabetes

® & & 0 0 0 0 0 0 0 0 0 0o o o

Study

e Sample timing (relative to climate and ‘flu season)
e Urban or rural setting
e Country pneumococcal vaccination policy

* Based on the appearance in multiple existing studies, or plausible or measur-
able effect on colonisation to allow future meta-analysis.

Paradoxically, older adults have high incidence rates and case-
fatality of pneumococcal disease, despite low observed carriage
rates. Given a limited and transient reduction in colonisation after
PCV13°! in older adults, we need to understand this relationship
and the factors which drive progression from colonisation to severe
illness. When performing epidemiological and laboratory-based re-
search, this review identifies the core measures which should be
consistently reported.
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