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Objective: To estimate the prevalence of nasopharyngeal (NP) carriage of pneumococcus (Streptococcus
pneumoniae) and describe the antibiotic resistance patterns and serotypes in young children attending group
day care in London.
Design and subjects: Cross-sectional survey of attendees at a sample of registered child day care centres
(CDCCs) in a London borough.
Setting: Urban setting with a socially and culturally diverse population.
Methods and outcomes: 19 CDCCs (13% of total) participated between March and November 2003. A
single NP swab was required from each child, and parents completed a questionnaire about their child’s
health and attendance at day care. WHO methodology for pneumococcal carriage studies was followed.
Results: 30% of parents consented. 234 swabs were collected from children aged 6 months to 5 years. 53%
were boys and 81% were white. 120 children (51%, 95% CI 45% to 58%) carried pneumococci in their
nasopharynx. None of the isolates were resistant to penicillin (upper CL 3%). 21 isolates were resistant to
erythromycin (17.5%, 95% CI 11% to 25.5%). 68 isolates (57%) were serotypes included in the 7-valent
conjugate vaccine. Non-white children had a lower prevalence of carriage (27% vs 58%).
Conclusion: The prevalence of pneumococcal NP carriage was high. The penicillin resistance rate is lower
than in many other countries and may reflect a decrease in community antibiotic prescribing in the UK.
Monitoring circulating serotypes is important in the context of recent changes to the vaccination policy.
Further study is required to explore the association with ethnicity and risk factors for antibiotic resistance.

O
ut-of-home group childcare is associated with an
increased risk of infectious illnesses1–3 including invasive
pneumococcal disease (IPD).4 Carriage studies in child

day care centres (CDCCs) have shown increased risk of
pneumococcal nasopharyngeal (NP) colonisation5 leading to
concerns that CDCCs may act as foci for the emergence and
transmission of antibiotic resistant organisms.6 7

Universal childhood vaccination against pneumococcal infec-
tion has been adopted in the US, and some European countries
include attendance at day care as one of the risk factors for
pneumococcal disease in their targeted vaccination strategies. The
UK vaccination policy has recently changed to include universal
vaccination.8 Previously only children who fell into certain clinical
risk groups were recommended to be vaccinated either with the
7-valent conjugate pneumococcal vaccine (under 5 years of age)
or the 23-valent polysaccharide vaccine and attendance at group
day care was not regarded as a risk factor.

Social changes in recent years have already led to many more
children under the age of 5 attending group day care9 and a huge
expansion of pre-school day care provision is underway in
England.10

There are few UK data on pneumococcal carriage in the day
care setting and this study was set up to address this gap. The
aim was to determine the prevalence of pneumococcal carriage
and resistance, and to describe the prevalent serotypes.

METHODS
A cross-sectional study was carried out among infants and
children attending a sample of CDCCs across a single inner
London borough between March and November 2003 (fig 1),
with approval from the Local Research Ethics Committee.

A sample size of 500 children was proposed to allow a 25%
carriage rate to be estimated with tight confidence intervals of
¡4%.

Day nurseries and nursery schools registered with the local
authority were invited to take part. Parent information packs
were distributed at participating CDCCs. All children well
enough to attend the CDCC were considered eligible for
enrolment. Written informed consent from parents was
required as well as the assent of the individual child on the day.

A questionnaire was completed and returned by parents. This
focused on three areas:

N demographic information including ethnic group, household
size and parental occupation,

N medical and antibiotic history including details of any
known medical conditions, hospitalisations and number of
ear infections in the last year, as well as antibiotic usage
currently or within the preceding 3 months and the
indication for and type of antibiotic used, and

N pattern of attendance at day care.

Enrolled children had a single NP swab test performed by a
single researcher. In accordance with the WHO core methodol-
ogy for pneumococcal carriage studies, a calcium alginate
tipped swab on a flexible aluminium shaft (Bibby Sterilin, UK)
was used.11 The swab tip was transported to the laboratory at St
George’s Hospital NHS Trust in skim milk-tryptone-glucose-
glycerol (STGG) transport medium within 4 h.

Aliquots (10 ml) from the STGG media were subcultured onto
Columbia blood agar (with 5 mg optochin disc) and strepto-
coccal selective plates, which were read after overnight
incubation in 5% CO2 at 37 C̊. Pneumococcal identification
was based on colony morphology and optochin sensitivity, with
a bile solubility test where there was uncertainty.

Abbreviations: CDCC, child day care centre; IPD, invasive pneumococcal
disease; NP, nasopharyngeal; STGG, skim milk-tryptone-glucose-glycerol
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A single pneumococcal colony per specimen was tested for
antibiotic sensitivity to oxacillin, erythromycin, tetracycline,
cefotaxime and chloramphenicol using the British Society for
Antimicrobial Chemotherapy disc diffusion method.12

Serotyping using the Quellung reaction was performed by the
Respiratory and Systemic Infection Laboratory of the Health
Protection Agency. The original specimen in STGG and a set of
pure isolates in 15% glycerol were stored at 270 C̊.

All microbiological and questionnaire data were anonymised
and entered onto a secure database. Statistical analysis was
performed using STATA (v 8) statistical software. Categorical
variables were explored using frequency tables and cross
tabulations. The x2 test was used to assess the difference
between groups and logistic regression to assess the association
between the outcome variable (pneumococcal carriage) and
each predictor variable, with multiple logistic regression to
adjust for confounding, using a backward stepwise approach.

RESULTS
A total of 22 CDCCs initially responded to the invitation, with
19 ultimately taking part (fig 1). These CDCCs were spread
across the borough and included a range of facilities from large
day nurseries with over 90 children to a small nursery school
with just 10 children.

Overall, 30% (range 10–66%) of parents approached con-
sented for their child to take part. Of these 264 children, 30
(11%) did not have a NP swab taken. This was due to the child
being absent or unwilling to have the test done on the day. All
parents except two returned the questionnaire, although some
questionnaires were not fully completed.

The age range of participating children was 6 months to
5 years: 69% were aged between 2 and 4 years and 20% were
under 2 years, 53% were boys, 81% of the children were white
and 77% of parents belonged to social class 1 or 2 (mainly
professional, managerial or technical occupations).

Thirteen children were reported as having a chronic medical
condition, with asthma the most common complaint, and 35
children (13%) had been hospitalised in the preceding year.
Most admissions were for elective surgery or an infectious
disease (measles, chicken pox, herpes simplex infection,
gastroenteritis and other non-specific viral illness or chest
infection). No parent reported previous pneumococcal infec-
tion. However, two children were admitted with non-specified
pneumonia and one with non-specified meningitis. In the
preceding year 30% of children had experienced one or more ear
infections.

Five children had received antibiotics on the study day, in
three cases this was part of long-term prophylaxis for urinary
tract infections, and 21% had received a course of antibiotics in
the previous 3 months. Only 66% of parents could remember
which antibiotic had been taken, and in almost half of cases it
was a b-lactam. Five children had received a macrolide. The
most common indication for antibiotic treatment was ear
infection.

The majority of children attended CDCC on 4 days a week,
with a mean length of stay of 6 h per day. On average children
had been attending for 1 year, and age at first attendance
ranged from 1 month to 3 years.

Prevalence of pneumococcal carriage
Of 234 NP swabs analysed, 120 grew pneumococcus. The
overall carriage rate was 51% (95% CI 44.6% to 57.8%).
Pneumococcal carriage of over 40% was seen across each of
five age groups, ranging from 43% of 3–4-year-old children to
61% of children who were 1–2 years of age.

The number of swabs collected at each CDCC ranged from
four to 22. No pneumococcal isolates were found at the smallest
centre (10 children of whom four were swabbed), however
between one and 14 isolates were identified at the remaining 18
CDCCs, representing a range of carriage of 25–80%.

Antibiotic resistance
None of the 120 pneumococcal isolates tested was resistant to
penicillin (upper CL 3% using the exact method).

Of 120 (17.5%) pneumococcal isolates, 21 were resistant to ery-
thromycin, and nine of these were also resistant to tetracycline.

Serotype
Results were available for 119 of 120 pneumococcal isolates.
Nineteen different serotypes were identified. The most fre-
quently observed serotype was 6A (20/119) followed by 19F and
23F (17 each) (fig 1). In the 17 centres where more than one
child carried pneumococcus, at least two and up to eight
different serotypes were identified.

Sixty eight (57%) of the isolates were serotypes that are
contained in the 7-valent pneumococcal conjugate vaccine.
Additionally, 20 were serotype 6A which may be cross-covered
by the vaccine, bringing potential coverage to 74%.13 14 A further
11 isolates belonged to vaccine-associated serogroups, although
there is less evidence of cross protection for these.

Sixteen (of 21) antibiotic resistant pneumococci belonged to
a serotype contained in the 7-valent conjugate vaccine, with
another one belonging to serotype 6A. Thus, 81% of resistant
serotypes seen would be covered by the 7-valent conjugate
vaccine. Of the other four resistant pneumococci, three were
serotype 19A and one 15A.

Risk factors
Univariate analysis of each predictor variable in turn found no
significant association between pneumococcal carriage and a
range of health variables, including number of ear infections,

Figure 1 Flow chart of participants and pneumococcal carriage results.
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recent history of antibiotic use, chronic medical condition or
hospitalisation (table 1).

Ethnicity was the only variable which achieved significance on
univariate analysis, and this remained significantly associated
with pneumococcal carriage when the effect of all other
demographic, day care and health variables were taken into
consideration. The odds ratio for belonging to a non-white ethnic
group was 0.26 (95% CI 0.12 to 0.54) (adjusted OR 0.27 (95% CI
0.1 to 0.6)).

DISCUSSION
This study is the first published study of pneumococcal carriage
and antibiotic resistance in the day care setting in the UK and
the first to be conducted in a socially and culturally diverse
urban setting.

Half of all children who took part carried the pneumococcus in
their nasopharynx. These data are consistent with the prevalence
found in other day care carriage studies from northern Europe
(The Netherlands (58%), France (54%), Iceland (50%) and
Sweden (42%)), however there is significant variation in the
proportion of penicillin resistance seen between countries (0% in
Netherlands to 56% in France in the same year).15–18

This study estimated the prevalence of penicillin resistance
among isolates to be less than 3%. Although the sample size was
small, these data are consistent with most recent UK data from

surveillance of invasive disease (2%),19 and from a longitudinal
household carriage study (3.7%).20 It is possible that these low
rates of penicillin resistance are related to the substantial decrease
in antibiotic prescribing (across a range of antibiotics including b-
lactams) for children in England over the last 10 years.21

Analysis of risk factors for pneumococcal carriage did not find
any significant association with antibiotic use. Although several
other European studies have also failed to find an association,22–24

a number of studies have demonstrated a positive association
between carriage of penicillin resistant pneumococci and previous
antibiotic consumption.25–28 This study was not powered to assess
risk factors for carriage of resistant pneumococci.

Surveillance of IPD in 2000 found 75% of isolates from children
under 5 years old were serotypes present in the 7-valent
conjugate vaccine, which increased to 82% if serotype 6A was
included.13 In this study of NP carriage among under 5-year-old
children only 57% of serotypes were those present in the 7-valent
conjugate vaccine with a maximum theoretical protection of 73%
(by including serotype 6A, and this did not change when children
under 2 years of age were considered separately). The vaccine
would however protect against the majority of penicillin-resistant
pneumococcal strains. It is possible that carried isolates are less
pathogenic than those identified in invasive disease, but these
data are temporally and geographically distinct and comparisons
may not be valid. The role of non-vaccine serotypes and the
potential for serotype replacement will become increasingly
important now a universal pneumococcal vaccination pro-
gramme has been introduced, and will need careful monitoring.14

The association between ethnicity and pneumococcal carriage
was an unexpected finding and interpretation is difficult as the
‘‘non-white’’ category was heterogeneous due to small numbers of
children belonging to specific ethnic groups. Published data
regarding IPD and ethnicity contrast with our findings. In the
USA, minority ethnic groups (African Americans, Alaskan natives,
American Indians) have been found to be at higher risk of IPD,29 30

despite adjustment for confounding by socio-economic status.
Similar surveillance data for the UK are not available, however a
study of 114 cases of pneumococcal meningitis identified by
prospective laboratory-based surveillance in the North East
Thames Region demonstrated higher rates of disease in Asians
(2.1/100 000) than Caucasians (0.8/100 000) (p = 0.002).31

Pneumococcal infection usually occurs soon after acquisition of
a new serotype32 and more prolonged carriage (as may be detected
in a cross-sectional survey) may identify organisms in individuals
who are not going to develop invasive disease. Therefore, higher
carriage rates among white children would not necessarily lead to
higher rates of invasive disease. Conversely, lower pneumococcal
carriage among children belonging to non-white ethnic groups
does not imply there will be fewer infections, indeed the opposite
may be true, with children at risk of developing invasive disease
as and when new strains are acquired. Future carriage studies
should record ethnicity and ideally include some form of clinical
or case note follow-up to look for evidence of infection following
documented carriage.

The main limitation of this study is its small size. Uptake was
variable, with poorest uptake associated with local difficulties
distributing information about the study. However, the low
overall uptake rate (30%) may mean that only more highly
educated and/or more health conscious or concerned parents
consented, and it is possible that this may have produced a bias
towards higher carriage levels. However, resistance levels are
consistent with other recent UK data. The initial hypothesis that
day nurseries may be foci for resistant organisms was not
supported. Although formal cluster analysis was not possible due
to small numbers at each CDCC, there was evidence of variability
within and between CDCCs, with multiple serotypes identified at
individual CDCCs, and resistant pneumococci found at over half

Table 1 Demography and risk factors by carrier status

Characteristic (n) n

Carriers
Non-
carriers x2 Test

n (%) n (%) p value

Age (234)
6 months–1 year 19 9 (47) 10 (53) 0.2
1–2 years 34 21 (62) 13 (38)
2–3 years 63 35 (56) 28 (44)
3–4 years 93 40 (43) 53 (57)
4–5 years 25 15 (60) 10 (40)

Gender (234)
Male 126 64 (51) 62 (49) 0.87
Female 108 56 (52) 52 (48)

Ethnicity (232)
White 187 108 (58) 79 (42) 0.005*
Non-white 45 12 (27) 33 (73)

Social class (229)
1 and 2 179 100 (56) 79 (44) 0.08
3 24 9 (38) 15 (62)
4, 5 and other 26 10 (38) 16 (62)

Household size (229)
(3 85 40 (47) 45 (53) 0.59
4 96 53 (55) 43 (45)
5 33 19 (58) 14 (42)
>6 15 7 (47) 8 (53)

Ear infections in last
12 months (227)

0 161 85 (53) 76 (47) 0.94
1 36 18 (50) 18 (50)
>2 30 16 (53) 14 (47)

Antibiotics today (231)
Yes 5 2 (40) 3 (60) 0.58
No 226 118 (52) 108 (48)

Antibiotics in last
3 months (231)

Yes 50 22 (44) 28 (56) 0.2
No 181 98 (54) 83 (46)

Hospitalisation in last
12 months (231)

Yes 27 15 (56) 12 (44) 0.69
No 204 105 (51) 99 (49)

Chronic medical
condition (230)

Yes 12 5 (42) 7 (58) 0.47
No 218 115 (53) 103 (47)
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of all sites. This study took place in an inner London borough,
recruited a range of different CDCCs across the borough, and
reflected the ethnic diversity of the area. Although more parents
in higher social classes participated, these results may be
generalisable to other urban settings in the UK.

Carriage of pneumococcus among healthy pre-school chil-
dren attending CDCCs is common and not confined to the
youngest age groups. These children represent an important
potential pool of infection (the majority of new colonisations in
a UK household study were introduced from outside, mainly by
children under 5 years of age).20 While the low levels of
antibiotic resistance found are reassuring, we would continue
to advocate judicious use of antibiotics to prevent increases in
levels of resistance in the future. The pneumococcal vaccination
policy in the UK has recently been changed to introduce
universal childhood vaccination and carriage studies such as
this play an important role in providing baseline serotype data
for subsequent comparison.
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What is already known on this topic

N Attendance at group day care is associated with an
increased risk of pneumococcal infection and carriage of
both antibiotic susceptible and resistant pneumococci.

N Some European countries consider attendance at day
care to be a risk factor for invasive pneumococcal
disease and recommend vaccination on this basis.

What this study adds

N This is the first study in the UK to estimate the prevalence
of pneumococcal carriage and antibiotic resistance in the
day care setting.

N Half of all infants and children under 5 years of age tested
carried pneumococci, with high levels across all age bands.

N Penicillin resistance was not found, with an upper
confidence limit for resistant strains of 3%.
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