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Nasal carriage of Staphylococcus aureus is a major risk factor for invasive S. aureus disease. The aim of this
study was to define factors associated with carriage. We conducted a prospective, longitudinal community-
based study of infants and their mothers for a period of 6 months following delivery. The epidemiology of
carriage was examined for 100 infant-mother pairs. Infant carriage varied significantly with age, falling from
40 to 50% during the first 8 weeks to 21% by 6 months. Determinants of infant S. aureus carriage included
maternal carriage, breastfeeding, and number of siblings. Bacterial typing of S. aureus was performed by
pulsed-field gel electrophoresis and multilocus sequence typing. The majority of individuals carried a single
strain of S. aureus over time, and the mother was the usual source for colonizing isolates in infants. The effect
of other components of the normal nasal flora on the development of S. aureus carriage was examined in 157
consecutive infants. Negative associations (putative bacterial interference) between S. aureus and other species
occurred early in infancy but were not sustained. An increasing antistaphylococcal effect observed over time
was not attributable to bacterial interference. S. aureus carriage in infants is likely to be determined by a
combination of host, environmental, and bacterial factors, but bacterial interference does not appear to be an
ultimate determinant of carrier status.

Staphylococcus aureus is a major cause of community-ac-
quired and nosocomial sepsis (7, 23). The rising prevalence of
antibiotic-resistant strains, such as methicillin-resistant S. au-
reus and S. aureus with reduced susceptibility to glycopeptides
(15, 17, 22), increases the need to prevent disease through the
identification and modification of risk factors. Three sets of
observations indicate that nasal carriage of S. aureus is an
important risk factor for sepsis with this organism: carriers
have higher rates of infection than noncarriers (16, 29, 30, 31);
the strain causing infection is usually the carriage strain in a
given individual (16, 18, 28, 31); and eradication of carriage
reduces nosocomial infection (2, 10, 20, 31). Temporary erad-
ication of S. aureus in those at high risk of sepsis is desirable
but relies on the unlikely premise of sustained susceptibility to
antibiotics such as mupirocin. There is a need to develop al-
ternative methods of S. aureus eradication, the success of
which may depend on a detailed understanding of the deter-
minants of carriage. The relative importance of host, bacterial,
and environmental factors in determining S. aureus carriage is
currently unknown. The aim of this study was to explore these
factors during a prospective, longitudinal community-based
study of carriage in mothers and their infants for a period of 6
months after delivery.

MATERIALS AND METHODS

Study design. The study was conducted in two parts. Epidemiological factors
influencing infant carriage were examined for a group of 100 consecutively
recruited infants and their mothers who were derived from a larger birth cohort

study of nasal and nasopharyngeal carriage flora conducted prospectively in
Oxfordshire, United Kingdom between July 1999 and May 2001. Bacterial geno-
typing of S. aureus isolated from these individuals was performed by pulsed-field
gel electrophoresis (PFGE) and multilocus sequence typing (MLST). The study
of the effect of bacterial interference by other members of the nasal flora on
infant carriage of S. aureus was extended to a further 57 consecutively recruited
infants. Ethical approval for the study was obtained from the Central Oxford
Research Ethics Committee. Mothers were recruited through the antenatal reg-
istry from the John Radcliffe Hospital and contacted by letter 4 to 6 weeks prior
to their expected delivery. Following delivery, trained nurses obtained nasal
swabs from mothers and infants. Infants were swabbed at 2-week intervals during
the first 3 months and at 1-month intervals for the next 3 months. Mothers were
swabbed during the first visit (week 2) and the last 3 visits (weeks 16, 20, and 24).
For each mother-infant pair, the sex, gestational age, and birth weight of the
infant, the age of the mother and whether she smoked tobacco, number of
siblings, and extent of breastfeeding were recorded.

Nasal swabs, bacterial isolates, and identification. Nasal swabs were per-
formed with a cotton swab moistened with sterile phosphate-buffered saline,
which was rubbed over the anterior nares of both nostrils. The tip of the swab was
broken into a bottle containing 1 ml of phosphate-buffered saline and stored at
4°C until returned to the laboratory. The sample was vortexed, and 100 �l was
spread onto blood agar and mannitol salt agar plates, which were incubated at
37°C in air for 48 h. Yellow colonies on mannitol salt agar (mannitol fermenters)
were plated to purity on blood agar and incubated at 37°C in air for 24 h. Bacteria
were presumptively classified on the basis of colonial morphology and Gram
stain results. Isolates were identified as S. aureus if positive for Staphaurex and
DNase tests. A single colony of S. aureus was analyzed for each positive speci-
men. Identification of Corynebacterium spp., coagulase-negative staphylococci
(CoNS), and alpha-hemolytic streptococci (hereafter called streptococci) present
on the blood agar plate was performed by standard laboratory techniques. CoNS
were identified to the species level by species-specific PCR of the 16S rRNA
gene. This differentiated between S. epidermidis, S. haemolyticus, S. warneri, S.
saprophyticus, S. hominis, S. sciuri, S. schleiferi, and S. capitis. Primer sequences
and PCR cycling conditions were kindly provided by T. Pitt, Staphylococcal
Reference Laboratory, Central Public Health Laboratory, London, United King-
dom (personal communication). Corynebacteria were identified to the species
level with the API System (CORYNE), as were 26 of 342 CoNS isolates which
were negative on PCR (API ID32 STAPH; bioMerieux Ltd.).

* Corresponding author. Present address: Wellcome Unit, Faculty
of Tropical Medicine, Mahidol University, 420/6 Rajvithi Rd.,
Bangkok 10400, Thailand. Phone: 66 2 354 9172. Fax: 66 2 354 9169.
E-mail: sharon@tropmedres.ac.

5718



PFGE. Preparation of chromosomal DNA, SmaI digestion, and PFGE were
performed as previously described (5). Stored gel images were analyzed with
BioNumerics, version 2.0 (Applied Maths, Kortrijk, Belgium). Using two sets of
criteria, each isolate was assigned two PFGE types on the basis of their DNA
banding patterns (24). In the first, isolates differing at fewer than 4 bands were
considered closely related and assigned the same PFGE4 type. In the second, a
separate PFGE1 type was assigned for each unique banding pattern, so that
isolates had to possess identical banding patterns to be assigned the same PFGE1
type. Hence, PFGE1 types refer to unique genotypes, and PFGE4 types refer to
related genotypes.

MLST. Chromosomal DNA was extracted by using a Puregene DNA extrac-
tion kit (Gentra Systems), with the modification that lysostaphin (30 �g ml�1)
(Sigma) was added at the cell lysis step. MLST was carried out with the method
described by Enright et al. (8). In brief, fragments of 7 unlinked housekeeping
genes were amplified by the PCR. Amplified products were precipitated and both
strands were sequenced by using BigDye fluorescent terminators and the primers
used in the initial PCR amplification. The sequences obtained were assigned
allele numbers following comparison of the DNA sequence with results from

previously typed strains found at the MLST web site (http://mlst.net/). For each
isolate, the allele numbers at each of the seven loci defined the allelic profile, or
sequence type (ST). New alleles were confirmed by repeat sequencing.

Statistical analysis. Analysis of the epidemiology of carriage and the effects of
factors such as maternal carriage, infant and maternal age, and breastfeeding was
carried out by considering mother-infant pairs as the units of analysis. Mixed-
effects logistic regression models were used to examine the effects of explanatory
factors on infant carriage at any one time (using the time series analysis facilities
of Stata 7.0 [Stata Corp., College Station, Tex.]). In this way, we attempted to
take account of any correlation in carriage between observation and minimize
any loss of efficiency due to missing data. Analysis of the effects of bacterial
genotype was carried out by using isolates as the units of analysis. For each
individual, one isolate of each genotype was selected for analysis. Nominal
variables were analyzed by Fisher’s exact or chi-squared tests, and continuous
variables were compared between groups by the Kruskal-Wallis test. Bacterial
antagonism was assessed by mixed-effects logistic regression modeling.

RESULTS

Epidemiology of carriage. One hundred consecutive infants,
paired with 99 mothers (there was one set of twins), were
studied. Ninety-two (92%) of the infants had all 9 nasal swabs,
with a further 5 infants missing only 1 swab. One infant had 2
swabs, and 4 infants had only a single swab and then withdrew
from the study. Of the mothers, 56 (57%) had all 4 swabs and
a further 25 (26%) had 3 swabs. Eight mothers had 2 swabs,
and 9 mothers had only a single swab. Demographic and life-
style details are summarized in Table 1.

Infants. Seventy-one (71%) infants had at least one nasal
swab that tested positive for S. aureus at some stage during the

FIG. 1. Breastfeeding and nasal carriage of S. aureus by mothers and their infants over a period of 6 months following delivery. Data are shown
as percentages (standard errors [SE]) of individuals carrying S. aureus at each time point sampled.

TABLE 1. Baseline characteristics

Characteristic Result

Mean maternal age (yr) (95% CI)........ 33.0 (31.6–34.5)
No. (%) of smoking mothers................. 32 (32)
Median no. of siblings (IQR,a range)... 1 (0–2, 0–6)
No. (%) of male infants ......................... 50 (50)
Mean gestational age at birth (days) ... 280(279–282, 266–294)

(95% CI, range)
Mean birth wt (kg) (95% CI, range).... 3.48 (3.39–3.58, 2.44–4.99)
No. (%) of breastfed infants.................. 75 (75)

a IQR, interquartile range.
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study. Carriage rates were between 40 and 50% during the first
8 weeks but fell thereafter to 21% by 6 months of age (Fig. 1).
This downward trend was statistically highly significant (P �
0.0001) and remained so after exclusion of those children (n �
8) who had missed one or more swabs. Modeling the change in
infant carriage over time showed an approximately 5% reduc-
tion in carriage rate with each 2-week period from 6 weeks
onwards (Fig. 1).

Three patterns of carriage have been described in adults,
with approximately 20% of individuals being termed persistent
noncarriers, 20% termed persistent carriers, and the remain-
der termed intermittent carriers (11). The pattern of carriage
over the first 6 months of life was examined for infants in this
study (Fig. 2). Of the 92 infants who had all 9 swabs, just over
one-quarter were never positive for S. aureus. The remainder
did not segregate into a bimodal distribution consistent with a
model of intermittent and persistent carriers.

Mothers. Fifty-one mothers (52%) had at least one swab
that tested positive for S. aureus at some stage during the study.
The mean prevalence of carriage at any one time point on a
single swab was 30% (Fig. 1). There was no variation in the
carriage rate with time (P � 0.5). Of the 82 mothers who had
3 or more nasal swabs taken, 10 (12%) were positive for S.
aureus on all swabs, 30 (37%) were intermittently positive with
1 or 2 swabs positive, and 42 (51%) were never positive.

Interactions between maternal and infant carriage. There
was a striking degree of concordance for S. aureus carriage
between mothers and infants, with 67 concordant pairs (68%).
In 45 pairs, both mother and infant carried at some stage. In
only 6 pairs was the infant a noncarrier despite the mother
being a carrier, and in 26 pairs, the infant carried at some stage
despite persistent noncarriage by the mother (P � 0.0005, by
McNemar’s test). At 24 weeks, after the decline in infant car-

riage from its initial peak, there were only 8 pairs in which the
infant was a carrier while the mother was not. The crude odds
ratio (OR) for infant carriage at any time given maternal
carriage at any time was 6.5 (95% confidence interval [CI], 2.3
to 18; P � 0.0001). However, as mothers were swabbed less
frequently than infants, the chance of them being identified as
intermittent or occasional carriers is lower. In a mixed-effects
logistic regression model stratifying for mother-infant pairs
and considering only those 4 time points at which both were
swabbed, the OR for infant carriage given maternal carriage at
any one time was 3.7 (95% CI, 1.7 to 8.0; P � 0.001).

Demographic factors and breastfeeding. Maternal age and
smoking, and infant birth weight, gestational age, and sex and
had no significant effect on infant carriage of S. aureus. Breast-
feeding at the time of each individual swab was positively
associated with infant (but not maternal) S. aureus carriage
(OR, 4.0; 95% CI, 1.8 to 9.2; P � 0.001); this association
appeared to be independent of both maternal carriage status
and infant age (both breastfeeding and infant carriage fall with
time) (Fig. 1). Breastfeeding intensity (number of feeds per
day) added nothing further to this association. There was a
weak positive association between infant S. aureus carriage and
the number of older siblings (OR, 1.5; 95% CI, 1.0 to 2.1) for
each additional child (P � 0.04). This effect was independent
of maternal carriage.

S. aureus carriage and bacterial typing. A total of 412 iso-
lates of S. aureus were identified from 1,206 nasal swabs from
100 infant-mother pairs, comprising 98 isolates from mothers
(332 swabs), and 314 isolates from infants (874 swabs). PFGE
typing of the 412 isolates demonstrated 33 PFGE4 types and 68
PFGE1 types. MLST was performed on the first S. aureus
isolate from all mothers and infants and on any isolates ob-
tained from subsequent swabs that differed by one or more

FIG. 2. The number of swabs positive (of a possible total of 9 swabs taken) from 96 infants over a period of 6 months following delivery.
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PFGE bands from the original strain in a given individual (i.e.,
had differing PFGE1 types). This makes the assumption that
consecutive isolates from the same individual with identical
PFGE1 types are the same organism. MLST of 147 isolates
from 50 mothers and 71 infants demonstrated 42 STs. Six
isolates had STs that were identical to others in the same
individual despite differing PFGE1 patterns. Two of these were
related (differing by one to three bands and therefore possess-
ing the same PFGE4 type), and four were unrelated by PFGE
(differing by four or more bands, and hence having different
PFGE1 and PFGE4 types). Within mother-infant pairs, there
was excellent concordance between PFGE types and MLST
STs. There were no cases of isolates sharing the same PFGE4
type within a mother-infant pair but possessing different STs,
although in four pairs, isolates bearing the same ST varied by
a single band and therefore had different PFGE1 types. Be-
cause isolates were selected for MLST on the basis of differing
PFGE patterns, it was not possible to assess to what degree
STs vary within identical PFGE1 and PFGE4 types, although
results from a recent study suggest that such differences may
exist but are few in number (19).

Interactions between carriage and MLST. The population
genetic structure of S. aureus carried by mothers was compared
with that for isolates carried by infants. The maternal and
infant isolate populations were similarly diverse, as assessed by
the distributions of STs (Fig. 3). Thus, infants did not appear
to acquire a set or subset of isolates (for example, adapted and
successful hospital strains) that were not represented in the
community. These data argue against the idea that S. aureus
population genetic structure shifts from one human generation
to the next.

Previous longitudinal studies of S. aureus carriage in adults
have reported that persistent carriers were colonized with a
single clone of S. aureus (9, 27) and that intermittent carriers
were colonized with genetically unrelated strains of S. aureus
isolates over time (27). This was not reproduced in the present

study in which the majority of individuals appeared to carry a
single ST, regardless of whether or not carriage was intermit-
tent or persistent during the study period (Fig. 4). More than
one ST was found in only 2 mothers (4%) and 11 infants
(15%). There were 43 mother-infant pairs in which both
mother and infant were carriers. Comparison of STs between
these pairs demonstrated that bacteria with the same ST were
recovered from both in 36 pairs (84%). In addition, one pair
was found to carry bacteria of two STs in both mother and
infant (bacteria with different STs being isolated on separate
occasions). Hence, there were 38 instances of STs being shared
between mother and infant. These data suggest that the
mother is the usual source for the primary colonizing isolate in
the infant.

The subset of infants that carried more than one ST over
time was examined to determine how replacement strains in
the infant related to those carried by the mother. There were
11 infants with more than one ST over time. In five of these,
the first ST appeared to be permanently replaced by a new ST,
which in 3 cases was the dominant ST carried by the mother. In
the remaining 6 infants, there was a switch from the first ST to
a second ST and then a switch back to the first ST. The first ST
was the dominant ST of the mother in four of these cases.
These data suggest that the mother is the usual source for
strain replacement. The maternal strain also appeared to be
the source for recolonization in intermittent carriers, although
this could also be explained by persistent carriage where iso-
lation of S. aureus intermittently fell below the level of detec-
tion.

The relationship was also explored between ST and both
transmissibility and duration of carriage. The approach taken
was to divide the isolates into two groups according to the
frequency with which they colonized the study group. STs were
referred to as common if they were found in more than one
mother-infant pair or sporadic if occurring in only a single
mother-infant pair. Of the 141 isolates, 103 (74%) were rep-

FIG. 3. Graphical representation of S. aureus multilocus STs distributed between mother and infant isolate groups. Each ST is represented by
a unique color so that the relative proportions in each group can be seen.
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resented by 12 common STs and 38 isolates segregated into 30
sporadic STs. The group of isolates with common STs were
more likely to occur in both mother and infant than in only one
of a pair (49 versus 27%, P � 0.05), suggesting increased
transmissibility within pairs. However, the duration of carriage
in an individual was not significantly different between com-
mon and sporadic STs in either infants or mothers.

Effect of other members of the nasal flora on S. aureus
carriage. The effect of other members of the nasal flora on S.
aureus carriage was examined for 157 infants by using swabs
taken at the 2-, 12-, and 24-week time points, which were
selected to allow feasible identification of the development of
carriage over the full study period. Overall carriage rates for S.
aureus and the three other bacterial groups all varied signifi-
cantly with time (P � 0.002 in all cases) (Fig. 5a), indicating
that the development of the normal nasal flora is a dynamic
process during the first 6 months of life.

Considering all swabs together, carriage of CoNS and car-
riage of corynebacterial species were each inversely associated
with carriage of S. aureus, while no significant effect was seen
with streptococci (Table 2). These findings were reproduced on
multivariate analysis (Fig. 5b). When the three time points
were examined separately, it became clear that the interaction
between S. aureus and the other bacterial groups was not
constant with time. The putatively antagonistic effect of CoNS
carriage was most marked at week 2 and had disappeared by
week 24 (Table 2; Fig. 5b), and on species-specific analysis, it
was found to be due entirely to S. epidermidis (representing

70% [441 of 633] of all CoNS isolates). The negative associa-
tion between carriage of S. aureus and corynebacteria was only
present at the 12-week time point and could not be related to
a specific corynebacterial species. Thus, all associations with S.
aureus carriage had disappeared by 24 weeks. Streptococci
were not associated with S. aureus carriage at any stage. There
were no significant associations (and by inference, bacterial
competition) at any time point between carriage of CoNS,
corynebacteria, and streptococci.

S. aureus carriage at 24 weeks was predicted by S. aureus
carriage at 2 weeks (OR, 2.4; 95% CI, 1.1 to 5.3; P � 0.033)
and at 12 weeks (OR, 5.6; 95% CI, 2.4 to 12.8; P � 0.0001); this
effect was not seen for carriage of other bacterial groups at any
of the three time points. Considering S. aureus and S. epider-
midis together, there was evidence for an antistaphylococcal
effect which increased with time; the number of infants who
were noncarriers for these two staphylococcal species in-
creased from 12 (7.6%) at 2 weeks to 41 (26%) at 12 weeks and
68 (43%) at 24 weeks (P � 0.0001). This was independent of
any bacterial interference from corynebacteria or streptococci.

DISCUSSION

This study has provided an opportunity to follow the evolu-
tion of nasal carriage of S. aureus during the first 6 months of
life and to explore factors that influence this process. One of
the advantages of studying carriage in this age group is that
newborns are immunologically and microbiologically naive.

FIG. 4. Graphical representation of the number of S. aureus STs carried over time by infants according to number of positive swabs over 6
months.
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Observing the development of bacterial colonization during
the emergence of acquired immunity could provide important
insights into how host factors and bacterial factors influence
carriage.

The concordance in carriage between mother-infant pairs in

this study indicates a strong influence from a shared environ-
ment and/or common host genetics. The study design does not
allow us to differentiate between the two. However, the obser-
vation that most infants of noncarrier mothers were also non-
carriers suggests that genetic susceptibility is a major factor,

FIG. 5. (A) Percentage of infants colonized with each species or genus at three time points; (B) antagonism between S. aureus and the other
bacterial groups. Antagonism is represented by the OR for not being colonized with S. aureus if positive for a particular bacterial group, derived
by multivariate logistic regression analysis. Error bars represent 95% CIs in all cases.
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since infants are likely to be exposed to S. aureus carried by
others on a regular basis. Previous studies that shed light on
host factors in relation to S. aureus carriage relate largely to the
immune response. Regulation of carriage via acquired immu-
nity was strongly implied by a study in which a strain of S.
aureus was established in the nares of healthy volunteers for at
least 5 days (6). After spontaneous nasal elimination, duration
of colonization with a second strain reflected that of the pri-
mary inoculation but carriage of the same strain after reinoc-
ulation was uniformly brief. Carriage rates have also been
reported to be higher in groups of patients who are immuno-
compromised because of a variety of causes, including insulin-
dependent diabetics, patients on continuous ambulatory peri-
toneal dialysis and hemodialysis, and in those infected with
human immunodeficiency virus (11). Other soluble antibacte-
rial factors secreted in the nose may also be involved in deter-
mining carriage, based on work by Cole et al., who reported
that nasal secretions from 3 individuals who were S. aureus
carriers lacked antimicrobial activity against S. aureus in vitro
while fluid from noncarriers was bactericidal (4).

Given the likely role of acquired immunity in carriage of S.
aureus, it is possible that the decline in carriage rate after the
8th week of life in infants in this study reflects the development
of an immune response to S. aureus and subsequent eradica-
tion of carriage in some individuals. Another possible expla-
nation for the fall in carriage was that the number of mothers
changing from breastfeeding to bottle feeding increased over
the course of the study. This is an important potential con-
founder, given that breastfeeding was a risk factor for carriage.
However, this did not appear to be the case, as the reduction
in carriage rate with time appeared to be independent of
breastfeeding. S. aureus bacterial factors examined in this study
also failed to explain the fall in infant carriage. There was no
evidence for strain switching at around the time that the de-
cline in rate began or at any point thereafter. In addition, the
ecological fitness of the strain (as measured by the frequency of
a given ST in the bacterial group as a whole) did not appear to
equate with the duration of carriage. However, it is still pos-
sible that infants became colonized with new bacterial species
on leaving the home environment and that this influenced
carriage through a process of bacterial interference.

Although acquired immunity could be responsible for the
decline in carriage in infants over time, this does not explain
the finding that around one-quarter of the infant group did not
appear to carry S. aureus at any time point. It seems likely,

therefore, that one or more additional host factors are in-
volved. One possible explanation for the apparent inability to
carry S. aureus is a lack of host receptors for bacterial adher-
ence in the nares. This is supported by a study which found that
adherence of S. aureus to desquamated epithelial cells from
carriers was significantly greater than that for noncarriers (1),
although the nature of putative epithelial cell receptors is un-
known.

Environmental factors were also shown to influence carriage
of S. aureus. One possible reason why breastfed infants had a
greater chance of carriage is that S. aureus may colonize the
nipples, an idea that is consistent with the fact that breast
infections with S. aureus during lactation are relatively com-
mon. The presence of older siblings may increase the risk of
carriage through an increased chance of being in regular and
close contact with an S. aureus carrier; however, this associa-
tion was weak and may have been due to chance.

The observation that bacterial strains were often the same in
mother-infant pairs suggests that the mother is the usual
source and that the strain acquired is therefore dictated by
environmental factors. It is also possible that shared host ge-
netics determine the strain carried by imposing restriction bar-
riers to certain strains. This seems unlikely, however, since the
carriage strain appeared to be established by the time of the
first infant swab at 2 weeks of age, and the mechanism of
restriction to given strains would probably rely on a developed
immune response. Bacterial factors may, nonetheless, influ-
ence the strain carried once primary colonization is established
through a process of colonization resistance, where a resident
strain of S. aureus resists replacement by a second S. aureus
strain (3, 12, 13, 21). This may explain why most individuals
carried a single ST throughout the study period. Bacterial
factors also had an effect on transmissibility, with strains with
common STs being more frequent in both mother and infant
than in one of the pair alone. It is interesting to speculate
whether this is one of the factors on which bacterial ecological
success relies.

Studies defining the relevance of bacterial interference be-
tween members of the flora residing in the nose on S. aureus
carriage are few to date; Uehara et al. found the rate of
methicillin-resistant S. aureus acquisition by newborn infants in
a neonatal intensive care unit to be lower in those who were
colonized in the mouth and nose with viridans group strepto-
cocci than in those who were not (25). The same investigator
reported a low incidence of nasal S. aureus carriage in hospital

TABLE 2. Antagonism between S. aureus and other bacterial groupsa

Bacterial group
OR (95% CI) at wk:

Overall OR (95% CI)
2 12 24

Corynebacteria 1.3 (0.55–2.8)b 2.8 (1.4–5.6)c 1.5 (0.65–3.4)b 2.0 (1.3–3.0)d

CoNS 8.6 (2.8–26.7)e 2.1 (1.0–4.2)f 0.78 (0.34–1.8)b 1.7 (1.1–2.5)g

Streptococci 0.78 (0.27–2.3)b 2.3 (0.97–5.6)b 0.57 (0.25–1.3)b 1.3 (0.81–2.1)b

a OR (95% CI) and P values are given for the absence of S. aureus given colonization with each bacterial group. ORs were derived from univariate analyses, with
conditional logistic regression used to calculate the overall effect, allowing for correlation between swabs taken from the same infant.

b Result was not significant.
c P � 0.003.
d P � 0.002.
e P � 0.0001.
f P � 0.04.
g P � 0.014.
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staff with nose swabs positive for corynebacteria (26). A recent
cross-sectional study by Lina et al. reported that S. aureus
colonization was lower in individuals colonized by Corynebac-
terium spp. and/or S. epidermidis (14). This effect was depen-
dent on the number of colonies present and was seen when
�103 colonies of Corynebacterium spp. or �102 S. epidermidis
organisms were present. Our data based on qualitative culture
suggest that bacterial interference occurs early in infancy in the
form of antagonism between S. aureus and other bacterial
members of the normal flora, and the longitudinal design of
the study allowed us to conclude that this is not sustained. The
observation that early isolation of S. aureus predicted carriage
at 24 weeks may reflect predetermination of S. aureus carriage
at birth by host factors in a proportion of individuals. However,
the antistaphylococcal effect which increased with age implies
that acquired host factors, such as the development of an
immune response, modulate the number of individuals ulti-
mately carrying S. aureus.

In conclusion, determining the individual roles of host, en-
vironmental, and bacterial factors in the process of S. aureus
carriage is complex. The findings of this study suggest that host
factors play a key role in this process. Environmental factors
also influence carriage status, whereas bacterial factors appear
to be involved in defining the strain carried rather than the
actual carriage status. Bacterial interference, while present
early after birth, did not appear to determine S. aureus carriage
by the age of 6 months. We propose that host factors are of
overriding importance and that studies of host genetic suscep-
tibility to carriage may help to elucidate the nature of these.
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