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Abstract

Background—Staphylococcal aureus (SA) colonization in early infancy is common, but the
pattern and factors affecting its acquisition and persistence in the first few months of life are not
well studied.

Objectives—To study the rate of SA nasopharyngeal (NP) colonization at monthly intervals in
the first six months of life, and its association with environmental and host factors, and other
pathogenic NP bacteria.

Methods—Data from a prospective study were analyzed on bacterial cultures of 1765 NP swabs
from 367 infants who were followed from birth to 6 months of age. Demographic, breastfeeding,
cigarette smoke exposure and daycare attendance data were collected at each monthly visit.

Results—The rate of infants colonized with SA was highest at age 1 month (25%) and declined
to lowest rate by age 6 months (12%). The proportion of SA strains that was methicillin-resistant
(MRSA) was also highest at age 1 month and declined rapidly by age 4 months (18% vs 6%, P =
0.05). Colonization with Streptococcus pneumoniae (SP), nontypeable Haemophilus influenzae
(HI) and Moraxella catarrhalis (MC) increased at different rates up to age 6 months. Univariate
analysis showed that SA colonization rate was significantly lower with increasing age, black race,
day care attendance, and colonization with NTHI, MC and SP (P <0.05). Multivariate analysis
showed that this effect was independently associated only with increasing age and MC
colonization (P <0.05). Furthermore, the time to first acquisition of SA from one month of age
onwards was significantly associated with day care attendance, and NTHI and MC colonization.
None of the infants colonized with SA developed SA infections through age 6 months.

Conclusions—SA colonization of NP begins very early in life and declines quickly. MRSA has
lower ability to maintain prolonged colonization status than methicillin-susceptible strains in the
first 6 months of life. As the NP is colonized with other respiratory bacterial pathogens, the
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colonization with SA declines; however, this effect is stronger with Gram negative bacteria such
as NTHI and MC.
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Introduction

Methods

Saphylococcus aureus (SA) infections have shown a dramatic increase in the past decade.
The burden of infection due to methicillin-resistant strains of SA (MRSA) is significantly
more evident in children compared with other age groups [1]. Children are also an important
reservoir of SA and play a central role in disseminating SA in the community and hospital
settings.

In the past few years, a large number of studies have been conducted to assess MRSA nasal
colonization in children, both in health care centers and in the community. Children and
adolescents under 20 year of age have higher persistent carriage rates than adults [1-2].
Infants are known to be colonized with SA soon after birth [3-6]. The known risk factors for
infant SA colonization include breastfeeding, number of household members, low birth
weight, early gestational age at birth, indwelling catheters, and duration of antibiotic or
ventilator days.

Previous studies have shown that Streptococcus pneumoniae (SP) colonization is negatively
associated with SA colonization [6-14]. However, some of these studies have been
performed in older children (more than 6 months of age) who are typically immunized with
protein-conjugate pneumococcal vaccine. Furthermore, there are limited number of
published studies in infants in the first few months of life with respect to interaction between
SA and Gram negative bacterial otopathogens colonized in NP, specifically nontypeable
Haemophilus influenzae (NTHI) or Moraxella catarrhalis (MC). Indeed, there is no
published report of MC interaction with SA in infants less than 6 months of age.

In this report, data on monthly NP bacterial cultures in the first six month of life from a
prospective cohort of infants were analyzed to determine the pattern of acquisition of SA
and its relationship with host and environmental factor, as well as interaction with SP, NTHI
and MC.

i. Study design and subjects

The study was part of a prospective, longitudinal study of infants in the first year of life to
evaluate the prevalence and risks for viral upper respiratory viral infections (URIs) and acute
otitis media (AOM) development [7]. Between October 2008 and April 2013, 367 subjects
were enrolled. The study was approved by the University of Texas Medical Branch (UTMB)
Institutional Review Board. Written informed consent was obtained for all subjects. Study
subjects were recruited from the newborn nursery or the primary care pediatrics clinics at
UTMB before the first month of age. The infants were otherwise healthy; preterm infants
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and those with major medical problems or anatomical/physiological defects of the ear or NP
were excluded.

All of recruited infants resided on Galveston Island. UTMB is the only primary healthcare
and emergency care provider for infants and children on the Galveston Island, and uses the
same electronic medical record system across all practice sites. Thus, documented episodes
of infection were easily available for review.

At enrollment, demographic information including gender, race/ethnicity, use of breast milk
or formula feeding, passive cigarette smoke exposure, day care attendance, NP swabs are
collected at 1, 2, 3, 4, 5, and 6 months mostly through home visits by the study staff. Data
related to monthly NP bacterial cultures and host demographic and environmental factors
are presented in this report. At the time of these monthly encounters, data related to
symptoms of upper respiratory infection (URI) were collected, and the NP swabs were
processed for viral pathogens as described previously [15].

ii. Specimen collection

NP swabs were collected by trained study personnel by introducing Mini-Tip Culturette®
(Becton Dickinson Microbiology Systems, Cockeysville, MD, USA) through the nostrils
until resistance was met and then rotated gently 180 degrees. The specimens were submitted
to the UTMB Clinical Microbiology Laboratories for bacterial identification and
antimicrobial susceptibility testing according to standard laboratory methods.

iii. Statistical Analysis

Results

The study outcome variables of rates of co-presence of various pathogens and rates of
MRSA and MSSA were analyzed by Chi-Square test. To analyze the time to first SA
colonization, we used Cox proportional hazards modeling with recurrent events. To analyze
the risk for SA colonization, we used a generalized logistic model. Both of these models
took into account a child with multiple positive SA samples. Within each model, we used a
Type Il model which indicated that the covariates existed any time before SA sample
positivity. Finally, within each model, the marginal and multivariate P values are listed. The
marginal P values do not take into account the effects of other variables, whereas the
multivariate P values takes into account the effects of other variables. All statistical
procedures were run using libraries in the R programming environment (http://cran.r-
project.org/).

i. Demographic and clinical characteristics

As shown in Table 1, among 367 enrolled subjects, there were slightly more males (54%)
than females. The majority of infants were exclusively formula fed (63%), the remainder
being breastfed in a mixed fashion for a variable duration during 6 months of follow up.
Most infants were not exposed to cigarette smoke (80%) and did not attend daycare (83%)
during the study period.
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ii. Rates of SA and other respiratory bacteria colonization by monthly increment of age

Figure 1 shows the rates of colonization of SA, MC and NTHI by each month of age. SA
colonization was highest at 15t month of age with of 25% colonization rate of all tested
infants, and declined gradually to 12% by 6 months of age. On the other hand, SP, MC and
NTHI colonization rates were the lowest at 15t month of age. MC colonization rate increased
quickly, peaking to 39% rate by 5 months of age, while SP rate increased gradually to 22%
by 6 months of age. NTHI rate increase was even slower, rising to 15% by 6 months of age.

When the rate of MRSA among all SA isolates was evaluated by month of age (Figure 2),
the MRSA rate was highest at 15t of age (18% of all SA strains) and declined to lowest rate
of 6% by 4 months of age (P = 0.05), but rose to 12.1% by 6 months of age.

iii. Factors affecting SA colonization

Table 2 shows the factors predicting the risk for SA colonization anytime during the entire
study period. Using univariate analysis, without respect to other factors, older age, black
race, daycare attendance, SP, NTHI and MC colonization decreased the risk for SA
colonization. However, multivariate analysis showed that only older age and MC
colonization were independently associated with lower risk for SA colonization. We found
no relationship between presence of viral URI and colonization risk for SA. Furthermore,
there was no relationship between specific viral etiology of URI and SA colonization (data
not shown).

iv. Factors predicting time to first acquisition of SA

Table 3 shows the factors affecting the time to first acquisition of SA in the child from first
month of age onwards. Using univariate analysis, without respect to other factors, prior
presence of SP, NTHI and MC colonization increased the time to SA colonization.
However, multivariate analysis showed that only day care attendance and prior presence of
NTHI and MC colonization, independently increased the time to SA acquisition.

Discussion

We studied NP cultures to investigate SA colonization and its interaction with other
respiratory bacterial pathogens in the first six months of life. The study shows that the risk
for SA colonization of infants is highest in the first month of life, and thereafter declines
quickly as other respiratory bacterial pathogens are acquired.

The higher SA colonization rates in the period soon after birth has also been reported by
Jimenez-Truque et al who studied SA colonization at birth, 2 and 4 months; the SA
colonization rate peaked at 2 months of age [4]. Peacock et al performed NP cultures in the
first 6 months of life at 2-week intervals during first 3 months and at 1-month intervals for
next 3 months, and found 50% of infants colonized with SA by 2 months of age, and
declining to 21% by 6 months of age [8]. The source of early SA colonization has been
shown to be primarily of maternal NP site [4,8]; neonates can be colonized within 3-4 days
of birth [5]. However, why the rate declines over next few months is not clear. It could be
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due to either age related maturity of local innate host defenses or due to environmental
influences, including interference from other NP pathogenic and non-pathogenic flora.

Our present study reports for the first time the interaction between SA and three other
important respiratory bacterial pathogens, namely, SP, NTHI and MC, in the first six months
of life. We show that the decline in SA colonization is associated with increased
colonization with other respiratory bacterial pathogens, the highest influence being MC, and
then NTHI, and to a lesser extent with SP. Shiri et al conducted a longitudinal study in
infants from 1 month to 12 months of age; there was a negative association between SA and
SP or NTHI colonization, however, MC colonization was not studied [6]. Rodrigues et al
who conducted a cross-sectional study of older children, also found a negative association
between SA and NTHI colonization but not with SP, however, MC colonization was not
studied [8]. Xu et al evaluated NP colonization in infants older than 6 months of age; while
there was negative association between SP and SA colonization, there was no association
between SA and NTHI or MC [10]. On the other hand, van der Berth et al, who studied
children 6 to 24 months of age, reported a stronger negative association between SA and
MC colonization than between SA and SP colonization [11]. Other investigators have
exclusively focused on SA and SP interaction. Bogaert et al have shown that in older
children, age 1-19 years, who had not been vaccinated against SP, there was a negative
association between SA and SP colonization [7]. Regev-Yochav et al also showed a similar
negative association in non-SP-vaccinated children who were of median age 1.3 years [12].
We did not perform serotyping of SP strains to evaluate the relationship between vaccine
serotypes of SP and SA.

The mechanisms by which various factors directly or indirectly influence SP colonization
are complex and poorly understood. Several host genetic polymorphisms and local
immunity factors that contribute to predisposition to SA colonization have been described
[13]. The direct inhibition of SA colonization by SP could be due to H,0, or pilus produced
by SP [14]. However, there are no published studies of how Gram negative bacteria such as
NTHI and MC can directly inhibit SA colonization. Additional studies of SA interaction
with MC and NTHI are needed since we show that these two bacteria interfere with SA
colonization much more than SP in the first 6 months of life.

We did not demonstrate any effect of breastfeeding, daycare attendance and cigarette smoke
exposure on the overall risk for SA colonization; however, this study was not designed to
investigate these factors. Other investigators have also observed contradictory effects of
these factors on SA colonization. In our study, daycare attendance was shown to increase the
time to SA colonization. The reasons for our observation may be that the daycare attendance
rate was low in our study, and the attendance began towards the end of the study period
which led to increased colonization risk at a later age in this group.

Viral URI was also not a risk for SA colonization in our study population. This lack of
association may not be surprising in the first few months of life as the colonization rate of
SA is highest soon after birth, which is primarily of maternal origin, and as the infant grows
older, SA colonization rate continues to decline even though there is more community
exposure to respiratory viruses. There are few studies investigating the role of URI in SA
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colonization in infants. Van der Bergh et al showed that in older infants and young children,
influenza virus infection was positively associated with SA colonization [11]. Rodrigues et
al observed falling rates of SA colonization even as rhinitis symptoms increased [8]. On the
other hand, NTHI and SP colonization increased as rates of rhinitis increased. Xu et al also
observed that the SA colonization rate at visits for acute otitis media, which typically occurs
following URI, was not significantly different that at healthy visits [9].

Another observation in our study was that the proportion of SA strains that were MRSA was
highest in the first month but the subsequent decline was proportionately greater for MRSA
strains than MSSA. This observation is similar to those of Jimenez-Truque et al and Peacock
et al who showed that after peaking at 2 months of age, MRSA colonization rate declines by
4 months of age [4,7]. The reasons for the faster decline of MRSA have not been explored,
but it is possible that MRSA strains have lower colonizing advantage due to alterations in
surface adhesins and biofilm formation than MSSA strains, or that MSSA strains acquired at
later age occupy a competitive niche that directly inhibits MRSA colonization. In the present
study, we did not perform the strain typing of SA isolates to show whether any specific
strain, such as USA300, has any relationship to the colonization pattern in the nasopharynx
of young infants. Further studies are needed to explore these associations.

The SA colonization rate in our young cohort was not associated with the risk for invasive
infections. This low risk of infection despite high colonization rate is in keeping with the
study of Chatzakis et al who showed that during one year of follow up of 128 infants from
birth, infants with NP colonization with SA did not have any invasive infection [3].
Nonetheless, infrequent occurrence of infection has been documented among colonized
young infants [4].

Our study limitations are that we did not analyze the source of various bacterial species, the
genetic profile of bacteria to assess longitudinal persistence of the same species, and the
effect of family size and antibiotic use during the study period. We also did not analyze the
influence of SP vaccine as our study subjects were not immunized with SP vaccine in the
first two months of life (as per vaccination schedule), they did not complete the primary
series until 6 months of age, and the SP colonization rate rose even as immunization began
after 2 months of age; therefore, the overall SP vaccination impact on SA colonization
through indirect effect on SP colonization is likely to be limited in our study group.

In summary, the present study shows that SA colonization is negatively associated with
other common respiratory bacterial pathogens in first six months of life, specifically with
MC. Other than these bacteria, other environmental and host factors do not appear to be
important. Additional studies are needed to identify direct and indirect factors that alter the
dynamics of colonization of bacterial pathogens in NP of infants after birth.
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Table 1
Demographic and clinical characteristics of infants (n=367)
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Characteristics | No. | %
Gender
Male | 199 | 54
Race/ethnicity
Hispanic | 184 | 50
White” | 94 | 26
Black | 84 23
Asian | 5 1
Feeding pattern
Breastfed< 3 Months | 71 19
Breastfed> 3 Months | 66 18
Formula fed only | 230 | 63
Cigarette smoke exposure**
No | 294 | 80
Yes | 73 20
Daycare attendance™*
No | 304 | 83
Yes | 63 17
Diagnosed with URI™™
Yes | 287 | 78
No | 80 22

*
Non-Hispanic white

*%

During any period of study follow up
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Table 2
Factor s predicting SA colonization of the nasopharynx at any time during monthly
evaluation (n =1765 cultures from 367 infants)
| Univariate analysis | Multivariate analysis
Factor | coetficient (95% c1) | Pvalue | coefficient (95% c1) | Pvalue
Age | -0.011 (-0.014, -0.0079) | <0.001 | -0.0086 (-0.012, -0.0050) | <0.001
Gender (ref. female) | -0.29 (-0.81, 0.23) | 0.27 | -0.34 (-0.90, 0.22) | 0.24
Race/ethnicity
White* | 0.013 (-0.57, 0.59) 0.96 Comparator
Hispanic | 0.40 (-0.12, 0.93) 0.13 0.16 (-0.52, 0.84) 0.64
Black | -0.62 (-1.28, 0.0049) 0.056 | -0.78 (-1.63, 0.081) 0.076
Asian | 0.26 (-2.04, 2.44) 0.81 0.24 (-2.20, 2.68) 0.85
Breastfeeding | -0.35 (-0.86, 0.16) | 0.18 | -0.51 (-1.07, 0.054) | 0.076
Cigarette smoke exposure | -0.27 (-0.88, 0.31) | 0.37 | -0.11 (-0.76, 0.54) | 0.74
Daycare attendance | -0.74 (-1.42, -0.094) | 0.028 | 0.10 (-0.61, 0.81) | 0.78
NTHI Colonization | -1.12 (-1.76, -0.53) | <0.001 | -0.41 (-1.09, 0.27) | 0.23
MC colonization | -1.09 (-1.52, -0.68) | <0.001 | -0.52 (-1.00, -0.034) | 0.036
SP colonization | -0.84 (-1.38, -0.33) | 0.002 | 0.011 (-0.59, 0.61) | 0.97

*

Non-Hispanic white

Above statistical analysis used logistic mixed model. This model took into account a child with multiple positive SA samples All of the factors
were present prior to the positivity of SA colonization. NS = not significant; URI = upper respiratory infection; SA = S aureus, SP =S
pneumoniae, NTHI = non-typeable H. influenzae, MC = M. catarrhalis; CI = confidence interval.
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Factor s predicting timeto SA colonization of the nasopharynx from age one month
onwards (n=1765 cultures from 367 infants)
| Univariate analysis | Multivariate analysis
Factor | coetricient (95% c1) | Pvaiue | Effect | Paive
Gender | -0.13 (-0.44, 0.17) | 0.39 | 013 | 0.38
Race/ethnicity 0.09 0.13
White® | 0-028 (-0.31, 0.47) Comparator
Hispanic | 0.24 (-0.064, 0.54) 0.14 (-0.22, 0.49)
Black | -0.45 (-0.84, 0.065) -0.37 (-0.84, 0.10)
Asian | 0.39 (-1.09, 1.87) 0.38 (-1.10, 1.86)
Breastfeeding | -0.11 (-0.42, 0.19) | 0.46 | -0.24 (-0.55, 0.065) | 0.12
Cigarette smoke exposure | 0.0024 (-0.36, 0.36) | 0.99 | 0.027 (-0.34, 0.40) | 0.89
Daycare attendance | -0.30 (-0.79, 0.18) | 0.22 | -0.075 (-0.24, -0.024) | 0.015
NTHI Colonization | 074¢125023 | 0004 | -060(112-0085) | 002
MC colonization | -0.53 (-0.84, -0.21) | 0.001 | -0.45 (-0.44, -0.12) | 0.007
SP colonization | 033078004y | 0009 | -0071(048,039) | o074

*
Non-Hispanic white

Page 12

Above statistical analysis used Cox proportionate hazards model. This model took into account a child with multiple positive SA samples. All of
the factors were present prior to the positivity of SA colonization. NS = not significant; SA = S aureus, SP = S. pneumoniae, NTHI = non-typeable
H. influenzae, MC = M. catarrhalis; ClI = confidence interval.
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