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Abstract
Objective To examine the relation between use of
antibiotics in a cohort of preschool children and nasal
carriage of resistant strains of pneumococcus.
Design and participants Prospective cohort study
over two years of 461 children aged under 4 years
living in Canberra, Australia.
Main outcome measures Use of drugs, respiratory
symptoms, and visits to doctors were documented in a
daily diary by parents of the children during 25
months of observation. Isolates of pneumococci,
which were cultured from nasal swabs collected
approximately six monthly, were tested for antibiotic
resistance.
Results From the four swab collections 631 positive
pneumococcal isolates from 461 children were found,
of which 13.6% were resistant to penicillin. Presence
of penicillin resistant pneumococci was significantly
associated with children’s use of a â lactam antibiotic
in the two months before each swab collection (odds
ratio 2.03 (95% confidence interval 1.15 to 3.56,
P = 0.01)). The odds ratio of the association remained
> 1 (though did not reach significance at the 0.05
level) for use in the six months before swab collection.
The association was seen in children who received
only penicillin or only cephalosporin antibiotics in
that period. The odds ratio was 4.67 (1.29 to 17.09,
P = 0.02) in children who had received both types of â
lactam in the two months before their nasal swab. The
modelled odds of carrying penicillin resistant
pneumococcus was 4% higher for each additional day
of use of â lactam antibiotics in the six months before
swab collection.
Conclusions Reduction in â lactam use could quickly
reduce the carriage rates of penicillin resistant
pneumococci in early childhood. In view of the
propensity of these organisms to be spread among
children in the community, the prevalence of
penicillin resistant organisms may fall as a
consequence.

Introduction
The worldwide increase in pneumococcal resistance to
antibiotics is worrying.1 2 An important contributor to
antibiotic resistance is the excessive use of antibiotics in

young children with respiratory symptoms.3 It is widely
accepted that antibiotic resistance is related to both the
extent and amount of antibiotics used. However, there
are few prospective data to support these presump-
tions. A recent study showed that the carriage of resist-
ant pneumococci in children was related to the
duration of antibiotic use, for periods of > 7 days, in
the preceding month.4 Carriage of resistant pneumo-
cocci in childhood has been associated with younger
age, attendance at daycare centres, and previous use of
antibiotics.5 A cross sectional study showed that the
carriage of resistant organisms correlated with
previous exposure and total consumption of antibiot-
ics.6 In our two year prospective study in a community
setting we studied the nasal carriage of pneumococci,
their sensitivity profile, and the intake of antibiotics by
preschool children in Canberra, Australia.

Methods
A cohort of 484 children from Canberra participated
in the study from September 1997 to September 1999.
General practitioners were first recruited into the
study, then these doctors were asked to recruit the first
15 children who visited their practice for any reason.
The parents of all participants kept a daily diary of the
children’s respiratory symptoms, visits to the doctor,
and use of drugs, with detailed information on
antibiotic use, including the name of the drug, duration
of use, and the reason for taking it.

At the children’s entry into the study their parents
completed a questionnaire on demographic, environ-
mental, and health related information on the
children. Informed consent was obtained from the
parents during recruitment.

Nasal swabs were collected from the children up to
four times over the 25 months of the study.
Pneumococci were identified by colony characteristics
on blood agar plates, Gram staining, bile solubility, and
optochin disc susceptibility. The predominant type of
colony in each isolate was tested for susceptibility to
penicillin by using Etest strips (AB Biodisk, Solna, Swe-
den) on Mueller-Hinton agar with 5% blood. We inter-
preted susceptibility according to the breakpoints for
minimal inhibitory concentration published by the
National Committee for Clinical Laboratory Stand-
ards.7 The isolates were defined as sensitive to penicillin
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when the minimal inhibitory concentration was
<0.064 mg/l, of intermediate resistance when it was
> 0.064 mg/l but <1 mg/l, and highly resistant when it
was > 1 mg/l. We reported both intermediate and
highly resistant strains as penicillin resistant.

The study period was divided into 12 periods of 60
days each. To limit misclassification of antibiotic use we
considered only those children whose diary observa-
tions were complete for at least 75% of observation
days. We also excluded from the main analysis swabs
that were collected from children who were receiving
continuous antibiotic therapy.

We defined penicillin as including penicillin V,
amoxicillin, and amoxicillin clavulate. Cephalosporin
refers also to cefalexin and ceclor. The term â lactam
refers to either penicillin or cephalosporin.

We used two sided Fisher’s exact tests for our
univariate analyses and multiple logistic regression
models to model the odds of carriage of a resistant
organism. We accounted for correlation between
repeated observations on the same child by using the
Huber-White robust variance estimator,8 9 which is
available in STATA (version 6; Statacorp, College
Station, TX) using the cluster option of the logistic
regression command. We assessed a range of
covariates as possible confounders of the association
between antibiotic use and carriage of a resistant
organism. A potential confounder was entered into the
logistic model if adjustment for the variable resulted in
a distortion of the odds ratio of >10%.10

Results
From the four nasal swab collections 631 pneumococ-
cal isolates from 461 children were found—37%, 46%,
39%, and 46% of the swabs collected on each occasion
(the higher percentages were from the swabs collected
in winter). Of the 631 pneumococcal isolates, 86
(13.6%) were resistant to penicillin, and six isolates
were highly resistant.

Elsewhere we have described in detail the pattern
of antibiotic resistance in the isolates collected from
these children.11 Over half (334 (52.9%)) the isolates
were resistant to at least one of the six antibiotics for
which sensitivity was tested (penicillin, erythromycin,
co-trimoxazole, tetracycline, chloramphenicol, and
cefotaxime); 119 (18.9%) were resistant to two or more
antibiotics; and 5 (0.8%) were resistant to all six. Across
the two years the rate of penicillin resistance remained
constant, but the rate of resistance to co-trimoxazole
rose from 45% to 55%, although use of co-trimoxazole
by the children was relatively low in this period.

Of the 631 pneumococcal isolates, 456 were
collected from the children whose diary records of
drug treatment and medical visits were at least 75%
complete in the six months before collection of the
swab. Of these isolates 68 (14.9%) were resistant to
penicillin. These children took â lactam antibiotics for
0 to 85 days. Of the 456 isolates, 199 (43.6%) were from
children with at least one day of â lactam use in the
previous six months.

Over three quarters of the children (355 (76.9%))
received an antibiotic at some point in the two year
study period, and the overall mean period of antibiotic
use per child per year was 17.6 days: penicillin deriva-
tives were taken on 6.5 days and cephalosporins on 6.1

days, with other antibiotics, including macrolides,
co-trimoxazole, and chloramphenicol eye or ear drops,
accounting for the other 5.0 days per child per year.11

To consider the relation between antibiotic use and
resistance, we used a logistic model to assess the odds
of carrying a penicillin resistant pneumococcal isolate
against â lactam use in each two month period before
swab collection over the 24 months of the study. Age,
sex, number of siblings, type of day care, duration of
day care, and any hospital admission were assessed for
their possible confounding effects. The use of â lactam
antibiotics in the two months before swab collection
was significantly associated with isolation of a penicillin
resistant pneumococcus, and the relation was not con-
founded by the variables tested (adjusted odds ratio
2.03 (95% confidence interval 1.15 to 3.56; P = 0.01)).
The odds ratio adjusted for the clustering effect of
multiple swabs in any one child was slightly > 1 for â
lactam prescriptions in the penultimate and last two
month periods before swabbing (odds ratios of 1.27
and 1.25, respectively), but the 95% confidence
intervals of these estimates included 1. The odds ratio
for use of antibiotics in each of the six separate two
month periods from 18 months to seven months
before swabbing was less than 1, but the 95%
confidence intervals all included 1 (these odds ratios
were 0.87, 0.66, 0.75, 0.71, 0.76, and 0.36.) If children
had received both a penicillin and a cephalosporin
preparation in the two month period before swabbing,
the odds ratio of carrying a resistant organism was 4.67
(1.27 to 17.09; P = 0.02).

To determine whether greater antibiotic use would
increase the likelihood of pneumococcal resistance to
antibiotics, we stratified children by duration of â
lactam use in the six months before swab collection
(figure). The percentages of penicillin resistant isolates
were similar in the group that had no â lactam use
(12% (32/257)) and the group that had only a relatively
short course of â lactam (11% (7/64)), but this percent-
age increased as the number of days of use increased
beyond seven days, to 26% (16/61) in children who
had > 14 days’ use.

Although the children who received â lactam anti-
biotics for > 7 days in the six months before swab col-
lection were more likely to carry a penicillin resistant
pneumococcus than the children who had not received
â lactam preparations in that period, this association

Days of β lactam use in the six months before the swab
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was significant only in children who had received > 14
days of â lactam (table).

We further explored the association between dura-
tion of â lactam use and penicillin resistance by using
duration of use as a continuous rather than a categori-
cal variable. Using a logistic regression model adjusted
for the effect of clustering within children, we found
that for each additional day of use in the six months
before the swab collection, the odds of a child carrying
a penicillin resistant pneumococcus increased by 4%
(adjusted odds ratio 1.04 (1.01 to 1.06; P = 0.001)).

Discussion
Several cross sectional and retrospective studies have
shown an association between use of antibiotics and
the carriage of penicillin resistant organisms. The
opportunity to study this issue prospectively, and in a
community setting, has provided some new insights.

Carriage of pneumococcus in these preschool
Australian children was high, with the highest rate
(46% of swabs) seen in winter. Because of the extensive
use of â lactam antibiotics in this population and the
similarity of the mechanism of penicillin resistance in
cephalosporins and the penicillin group of drugs,12 we
paid particular attention to penicillin resistance and
previous use of â lactam antibiotics.

In these children, the likelihood that the carried
pneumococcus would be partially or highly resistant to
penicillin was increased if the child had taken any â
lactam antibiotic in the two months before swabbing.
This odds ratio was increased by 4% for each
additional day of â lactam antibiotic use in the six
months before swab collection. The odds ratio nearly
quintupled if the children had taken both penicillin
and cephalosporin in that period, though this observa-
tion was based on small numbers.

The odds ratio that a penicillin resistant pneumo-
coccus would be carried remained > 1 for six months
after â lactam use; however, it fell to < 1 for the second
and third periods of six months after â lactam use. This
may reflect the fact that spontaneous termination of
carriage of resistant strains occurs after some weeks,
when the child seems to develop immunity to the sero-
type of pneumococcus that has been carried.13 Such
immunity would make a child less likely than
non-immune children to be colonised by that particu-
lar strain in later months if it was encountered again.
As we did not serotype these pneumococcal strains or
measure antibodies to them, we cannot do more than
speculate on the mechanism for this observation.

Resistant strains were often found in children who
had not taken any antibiotics in the six months before
swab collection. It thus seems likely that many of these
children acquired their resistant strains through trans-
mission from other children in the community, such as

in daycare centres, rather than as a result of earlier use
of â lactams.

Conclusions
Our results show that the likelihood of children
carrying a resistant organism is in the short term
related to the amount of â lactam recently taken.
Therefore if the amount of â lactam prescribed could
be reduced, it follows that selection and transmission of
resistant strains would occur less often.

Antibiotics are being overused in children of this
age group in Australia. We found that 47% of all
episodes of respiratory symptoms resulted in a visit to
the general practitioner and that up to 48% of children
who visited their general practitioner received an anti-
biotic on their first visit. Elsewhere we have examined
the severity of symptoms in children who received
antibiotics and those who did not receive them, and we
did not find any difference between the two groups.11

This accords with the growing evidence from
randomised controlled trials that the benefits of anti-
biotics in most early childhood respiratory illnesses are
trivial or non-existent.14 15 The likelihood that antibiotic
use will, in the short term, result in carriage of a resist-
ant organism needs to be built into clinical decision
making.

A substantial reduction of â lactam use in
preschool children could quickly result in reduced car-
riage of penicillin resistant pneumococci. A recent ran-
domised trial compared dosages of 90 mg/day of
amoxicillin for five days and 40 mg/day for 10 days in
children and found that the higher dose of shorter
duration was associated with lesser subsequent
carriage of resistant pneumococci.16 This supports our
findings on the duration of â lactam use. If these drugs
are to retain their clinical usefulness, new prescribing
policies are needed in community practice.

Effect on penicillin resistance in pneumococcus isolates (n=456)
of duration of â lactam use in the six months before swab
collection. No â lactam use is the reference group

No of days of â lactam use Odds ratio 95% CI P value

0 (reference group)

1-7 0.86 0.37 to 2.02 0.73

8-14 1.50 0.73 to 3.06 0.27

>14 2.50 1.30 to 4.82 0.006

What is already known on this topic

Resistance to pneumococcal antibiotics is
increasing worldwide

One possible cause of resistance is the excessive
use of antibiotics in children with respiratory
symptoms

Few cross sectional studies have looked at the
association between antibiotic use and subsequent
carriage of organisms resistant to penicillin

What this study adds

Carriage of pneumococcus is high in preschool
Australian children throughout the year and
highest in winter

The likelihood of carrying penicillin resistant
pneumococcus is doubled in children who have
used any â lactam antibiotic in the two months
before testing

The likelihood of a child carrying a penicillin
resistant pneumococcus is increased by 4% for
each additional day of â lactam use in the six
months before testing
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