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Influence of child care on nasopharyngeal
carriage of Streptococcus pneumoniae and
Haemophilus influenzae
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Background. Children cared for by a child
minder (CM) should be less exposed to upper
respiratory tract infections than those in group
day care (GDC) and therefore to antibiotic treat-
ment. Thus fewer CM children should carry re-
sistant bacteria. To test this hypothesis nasopha-
ryngeal carriage of Streptococcus pneumoniae
(SP) and Haemophilus influenzae (HI) and expo-
sure to recent antibiotic treatment were investi-
gated among children in both types of care set-
tings in the Alpes Maritimes (France) between
November 1999 and March 2000.

Methods and population. A two stage cluster
sample of children attending group day care or
cared for by a child minder was selected. Naso-
pharyngeal samples were cultured for SP and HI.
Penicillin susceptibility was tested by disk diffu-
sion and E-test and beta-lactamase production.

Results. We sampled 235 children in the CM
group and 298 in the GDC group who were ages 6
to 36 months. Age and sex distribution were
similar in both groups. S. pneumoniae was iso-
lated in 80 children in the CM group (34.0%) and
in 163 (54.7%) children in GDC (P < 10�6). Propor-
tions of non-penicillin susceptible (NPSP) were
52.5 and 55.8%, respectively (P � 0.6). H. influen-
zae was present in 37.2% of children in GDC vs.
23.8% in the CM group (P < 0.001). Proportions of
beta-lactamase-positive HI (HIBL�) were 40.2%
vs. 46.4%, respectively (P � 0.4). Antibiotic expo-
sure during the previous 3 months occurred in
41.3% of children in GDC and in 47.4% in the CM
group (P � 0.16). There was no association be-

tween antibiotic use and carriage of NPSP or
HIBL� strains.

Conclusion. SP and HI carriage rates were
significantly lower among children in the CM
group than in GDC. The proportion of NPSP and
HIBL� was similar in both groups, and compara-
ble patterns of antibiotic use were observed.
Continued efforts must concentrate on parental
education and enforcement of recommendations
for management of pediatric upper respiratory
tract infections.

INTRODUCTION
Nasopharyngeal colonization by bacterial respira-

tory pathogens in infants and toddlers attending day
care has been the focus of a number of studies in the
past years.1–5 Investigation of bacterial carriage among
this population has provided a simple means for the
surveillance of resistance trends, while offering insight
into the development of resistance after antibiotic
treatment.6–8 A cross-sectional survey conducted in
Southeastern France in 1997 showed high carriage
rates of Streptococcus pneumoniae with diminished
susceptibility to penicillin.8

Although children’s day-care centers may not reflect
epidemiologic conditions within the corresponding age
group population at large, they have the advantage of
providing a group of generally healthy children in
whom surveillance of prevalence rates can be con-
ducted in a reproducible fashion. Because of the close
contacts between them, these children may be expected
to be colonized and infected by both antibiotic-
susceptible and nonsusceptible bacteria with a higher
frequency than children in other settings. In France
working parents have the choice of group day care
(GDC) or a child minder (CM), who looks after no more
than 3 children. Limited contact in the latter case
should reduce horizontal transmission, number of up-
per respiratory tract infections, antibiotic courses and
carriage of antibiotic-resistant strains. To test this
hypothesis nasopharyngeal (NP) carriage of Streptococ-
cus pneumoniae (SP) and Haemophilus influenzae (HI)
was investigated among children cared for by a CM in
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groups of up to 3 and in GDCs catering for 20 to 100
children in the Alpes Maritimes in Southeastern
France between November 1999 and March 2000.

METHOD AND POPULATION

Study population. The Alpes Maritimes area has a
population of �1 million, with an average annual birth
rate of 11 per 1000. Each parent is provided at the child’s
birth with a health booklet in which developmental data,
immunizations and illnesses are recorded by the child’s
physician. In 1999, 2500 children attended GDC in 52
day-care centers, with a capacity per center ranging from
20 to 100, whereas 1200 were cared for by a registered
CM. The aim was to obtain a sample of 300 children in
each type of child care. A two stage cluster sampling
procedure was used to obtain a random sample of 24 GDC
centers and 300 CM, and from these a random sample of
children was subsequently drawn. A single child was
randomly selected from each CM, with the possibility of
offering participation in the study to another child in the
same CM’s care in case of refusal. A cluster of 20 children
was randomly selected from each GDC to obtain an
average of 13 children per day-care center, to allow for
parental refusal or child’s absence. Parents were asked to
give informed consent and to complete a questionnaire
concerning siblings, exposure to tobacco and recent anti-
biotic treatment. Children’s health booklet and medical
prescriptions during the previous 3 months were studied.
Antibiotic treatments were assessed on both parents’
questionnaires and children’s prescriptions and/or health
booklets.

NP samples were obtained from children attending
GDC during the months of November and December
1999 and from those in the care of a child minder
during the months of January and February 2000.

The investigation protocol was approved by a local
Ethics Committee.

Laboratory studies. NP aspirates were submitted to
direct microscopic examination and cultured for identifi-
cation of SP and HI. Susceptibility of SP to penicillin,
tetracycline, chloramphenicol and trimethoprim-sulfa-
methoxazole was tested by the disk diffusion method,
whereas MICs for penicillin, amoxicillin and cefotaxime
were determined by E-test on strains with reduced pen-
icillin susceptibility. Breakpoints for penicillin, amoxicil-
lin and cefotaxime susceptibility were those from the
French Comité de l’Antibiogramme of the French Micro-
biology Society (in which S is susceptible, I is intermedi-
ate and R is resistant), i.e.: penicillin, S �0.064, I �0.064
and �1.000, R �1.000; amoxicillin, S �0.500, I �0.500
and �2.000, R �2.000; cefotaxime, S �0.500, I �0.500
and �2.000, R �2.000. HI strains were tested for beta-
lactamase production and biotype (API-NH), but they
were not serotyped. Pneumococcal serotypes were deter-
mined using the quellung reaction with antisera provided
by the Statens Serum Institute (Copenhagen, Denmark).

Only the antisera for the main serotypes observed in
previous surveys were used, i.e. 6A, 6B, 9V, 14, 19A, 19F,
23F and 24.

Statistical analysis. Data were analyzed using
Epi-Info Version 6. Proportions were compared by
means of chi square tests at the 5% level of signifi-
cance.

RESULTS
Nasopharyngeal samples were obtained from 298

children attending GDC from 25 day-care centers and
235 children cared for by a child minder between
November 1999 and February 2000. An average of 12.4
samples was obtained from each GDC center (range, 4
to 20).

Both groups of children were comparable with re-
gard to age, sex, number of siblings and tobacco expo-
sure.

The prevalence rate of SP and HI was significantly
higher among children in group day care (54.7% vs.
34.0% for SP; P � 10�5 and 37.2% vs. 23.8% for HI; P �
10�3). Likewise the prevalence rate of NPSP was
higher in group day care (30.5% vs. 17.9%; P � 10�3)
(Fig. 1). However, among SP and HI carriers the
proportion of SP and HI strains with reduced suscep-
tibility to penicillin was similar in both groups (55.8
and 52.5% vs. 41.8 and 46.4%, respectively). Within
each care setting there was no difference in carriage
rates of NPSP between children less than 2 years of age
and older children.

Parents provided information for 96 and 99% of
children in the GDC and CM settings, respectively.
During the previous 3 months, 110 of 232 (47.4%)
children received antibiotic therapy in the child minder
group vs. 118 of 286 (41.3%) in group day care (P �
0.16). Although fewer health booklets and/or prescrip-
tion forms were available from children in group day
care (75%) than for those attended by a child minder
(93%), the proportion of treated children coincided with
parental data and was comparable in both care set-
tings: 110 of 220 (50%) children cared for by a child
minder; and 104 of 226 (46.0%) of children in group day

FIG. 1. Comparative prevalence rates for SP, NPSP, Hi and
beta-lactamase-positive HI (HIBL�) according to type of day
care.
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care. There was no statistically significant difference
concerning the number of courses received between the
two care settings.

In GDC fewer children older than 2 years of age had
been recently treated with antibiotics compared with
the younger group (odds ratio, 1.93; 95% confidence
interval, 1.06 to 3.56; P � 0.02). In the CM group the
proportions of recently treated children were similar in
both age groups.

Greater than 80% of these courses were with beta-
lactam antibiotics in each group. Reasons for antibiotic
prescription are given in Table 1. No association was
observed between recent antibiotic treatment and car-
riage of penicillin-resistant strains, and stratifying by
age group (younger than vs. older than 2 years old) did
not modify this result. Likewise none of the other
factors investigated (age, gender, siblings, exposure to
tobacco smoke) was associated with carriage of either
penicillin-susceptible or penicillin-resistant SP or HI
strains.

Microbiologic data. Streptococcus pneumoniae.
Serotype distribution of pneumococcal strains is shown
in Table 2. The majority of strains belonged to sero-
types 6B, 14, 19 and 23F. A higher prevalence rate was
observed for serotype 6B in group day care than in the
child minder setting (30% of strains vs. 15%, respec-
tively; P � 0.01). Among NPSP strains distribution of
serotypes was similar for both types of care. Penicillin
MICs for NPSP ranged from 0.094 to 2 mg/l. Most
strains were intermediately resistant to penicillin.
Amoxicillin MICs for NPSP ranged from 0.023 to 2
mg/l, with 34% intermediately resistant, and there
were no resistant strains. Susceptibilities of all pneu-
mococcal strains to erythromycin, tetracycline and
chloramphenicol were similar in both groups, with
three-fourths, one-half and one-third of nonsusceptible
strains, respectively. In the GDC group, fewer strains
were nonsusceptible to trimethoprim-sulfamethox-
azole than in the CM group (46.6% vs. 62.5%, respec-
tively; P � 0.02).

Haemophilus influenzae. Most HI strains belonged
to biotypes I, II and III.

DISCUSSION
This survey showed a lower carriage rate of SP and

HI among children cared for by a child minder than in

those attending group day care. However, no difference
in the proportion of strains with reduced susceptibility
to penicillin was observed between the two modes of
care. Exposure to antibiotic treatment during the pre-
vious 3 months was similar in both groups. Although
the number of courses may have been underestimated
as a result of the fact that for some children neither
health booklet nor prescriptions were available, espe-
cially among children attending group day care, there
was no difference in the distribution of previous treat-
ment courses as declared by parents and as docu-
mented in the health booklets.

There was no difference in either group in the
proportion of NPSP carriers among children exposed to
recent antibiotic treatment and those not exposed.
Antibiotic prescription was just as frequent in group
day care as in the child minder setting, suggesting that
the frequency of upper respiratory tract infections
must be comparable. Thus the difference in pneumo-
coccal prevalence rates between the two types of child
care lies in the lower opportunity for a child to come in
contact with a carrier. De Lencastre et al.5 observed
extensive clonal spread of resistant SP in day-care
centers in Lisbon. Bogaert et al.9 also found a higher
risk for horizontal spread of pneumococci in Dutch
DCCs than in the general population.

Unlike other studies, in this survey recent antibiotic
treatment was not associated with carriage of a resis-
tant strain, even in the child minder setting where
horizontal transmission has less chance of occur-
ring.6, 7 This may be related to the high carriage rates
which can mask the effect of antibiotic use.

The magnitude of antibiotic exposure among small
children is consistent with previous data and in line
with recently published statistics concerning antibiotic
use in France.10 Inappropriate antibiotic prescription
is particularly frequent in children with upper respira-
tory tract infections,11 and in this study prescriptions
for colds, cough and bronchitis as labeled in the child’s
health booklet are of questionable relevance. Although
most children appear to be healthy carriers, Kronen-
berger et al.12 observed that invasive pneumococcal
infections caused by resistant strains were linked to
the presence within the household of a child attending

TABLE 1. Diagnosed infections resulting in antibiotic
treatment

Diagnosis
Child

Minder
(n � 145)

%
Group

Day Care
(n � 115)

%

Acute otitis media 43 29.7 43 37.4
Colds 27 18.6 22 19.1
Bronchitis 43 29.7 24 20.9
Pharyngitis/tonsillitis 14 9.7 13 11.3
Cough � laryngitis 6 4.1 5 4.3
Other 12 8.3 8 7.0

TABLE 2. Pneumococcal serotypes

Serotype
Child Minder Group Day

Care P

No. % No. %

6A 4 5 9 6 NS
6B 12 15 49 30 0.01
9V 5 6 6 4 NS
14 10 13 18 11 NS
19 10 13 14 9 NS
23 F 13 16 30 18 NS
Other 26 33 37 23 NS
Total 80 100 163 100
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a day-care center. The main serotypes identified among
pneumococcal isolates were those contained in the
pneumococcal conjugate vaccine. Vaccination should
thus reduce carriage, although colonization by substi-
tute serotypes may be expected to follow.13

Effective public health policies have succeeded in
reducing or maintaining low resistance rates by reduc-
ing antibiotic use as in Iceland14 or favoring parental
leave to isolate carriers as in Sweden.15 In an attempt
to curb antimicrobial resistance, a campaign began in
2001 in the Alpes Maritimes to encourage both physi-
cians not to prescribe antibiotics and parents not to
request antibiotics for young children with mild upper
respiratory tract infections.
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