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Abstract

The study objective was to determine the prevalence of Staphylococcus aureus colonisation in the
nares and oropharynx of healthy persons, and identify any risk factors associated with such S,
aureus colonisation. 263 participants (177 adults and 86 minors) comprising 95 families were
enrolled in a year-long prospective cohort study from one urban and one rural county in eastern
lowa, USA, through local newspaper advertisements and email lists and through the Keokuk Rural
Health Study. Potential risk factors including demographic factors, medical history, farming, and
healthcare exposure were assessed. Among the participants, 25.4% of adults and 36.1% minors
carried S. aureus in their nares and 37.9% of adults carried it in their oropharynx. The overall
prevalence was 44.1% among adults and 36.1% for minors. Having at least one positive
environmental site for S. aureus in the family home was associated with colonisation (prevalence
ratio: 1.34, 95% CI: 1.07-1.66). The sensitivity of the oropharyngeal cultures was greater than that
of the nares cultures (86.1% compared to 58.2% respectively). In conclusion, the nares and
oropharynx are both important colonisation sites for healthy community members and the
presence of S. aureus in the home environment is associated with an increased probability of
colonisation.
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INTRODUCTION

Staphylococcus aureus colonises approximately 30% of the population [1] with the anterior
nares historically considered the most frequent carriage site [2, 3]. Colonised persons carry
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the bacterium asymptomatically and may transmit it to susceptible persons either directly or
through contact with fomites. While such colonisation often does not harm the host, it
increases the risk of infections in both community and hospital settings [4].

S. aureusis a common cause of infections in hospitals and in the community. In 2014, the
Active Bacterial Core surveillance program reported that methicillin-resistant S. aureus
(MRSA) caused 72,444 invasive infections in the USA, 16,522 of which were community
onset and although overall MRSA infections decreased from 2013 to 2014 by 5.36%,
community-associated infections increased by 1.57%[5]. It has been suggested
understanding the patient’s environment, household transmission dynamics, and colonisation
among persons living in the community are key to reducing community-associated
infections [6].

While many prior studies have assessed S. aureus colonisation in healthcare settings[7, 8],
few have addressed colonisation in the community[9] and more rarely among persons in
rural areas[10] who make up 20% of the United States population[11]. Prevalence estimates
for S. aureus oropharyngeal colonisation in healthy community populations has ranged from
7.7% to 56.7% and the proportion carrying S. aureus in their oropharynx, but not in their
nares, has ranged from 6% to 22.7% [12-16]. Moreover, there is a paucity of data on
differences in S. aureus colonisation prevalence based upon population density owing to the
lack of studies designed specifically to look for these differences.

To address this knowledge gap, we assessed the prevalence of S. aureus carriage in one rural
and one urban population in lowa to better define colonisation prevalence and associated risk
factors in the community setting. Specifically, we recorded the prevalence of nasal and
oropharyngeal carriage, risk factors for colonisation, and applied molecular epidemiological
tools to characterise S. aureus isolates recovered from participants and their household
environment.

MATERIALS AND METHODS

Study design and sample collection

Families from Johnson and Keokuk Counties, lowa that met the study inclusion criteria were
enrolled in a prospective cohort study between October 6, 2011 and January 4, 2012. These
counties were chosen to reflect an urban (lowa City, within Johnson County) and a rural
(Keokuk County) population in lowa [11]. This paper presents the baseline data and cohort
description for all participants in the cohort.

Participants were recruited, either through local newspaper advertisements and email lists,
and/or for rural families through their existing participation in the Keokuk County Rural
Health Study [17]. Eligibility of participants was assessed and a scheduled visit was
arranged for family enrollment. Participants in Keokuk County were contacted initially by
letter and later by phone to determine eligibility and schedule the enrollment visit. Trained
staff enrolled eligible families in their homes, administered questionnaires, collected
environmental samples, and trained adult participants to swab their nares and oropharynx.
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Study inclusion criteria were: must be able to provide consent, assent, or have parents
willing to provide consent; speak English; be willing to complete the enroliment
questionnaire as well as the weekly follow-up questionnaires. The University of lowa
institutional review board approved the study protocols. After consenting, all participants
completed questionnaires providing detailed information on demographic factors, medical
history, f arming exposure, healthcare exposure, and other possible risk factors. Farming
exposure for minors, designated as “worked with livestock”, refers to work performed for
pay as well as work performed as a part of family responsibilities and chores.

Isolation and Identification of S. aureus

For self-swabbing, participants were instructed to insert the swab into their nostril so the
bottom part of the cotton was just inside the anterior naris, circle the swab three times and
then switch nostrils and repeat. To sample their oropharynx, participants were instructed to
swab the roof of their mouth beyond the soft palate, but not far enough back to cause a gag
reflex. Additionally, parents were trained to swab the nares of participating children in their
household. Samples were collected using BBL CultureSwabs with Liquid Stuart Medium
(Becton, Dickinson & Co., Sparks MD, USA) and transported on ice directly to the Center
for Emerging Infectious Diseases (CEID).

Three-inch by four-inch disposable duster cloths (Swiffer® Sweeper™ Dry Pad; Procter &
Gamble, Cincinatti, OH, USA) were used to collect samples from six commonly touched
sites (kitchen sink handle, oven knobs, refrigerator door handle, primary television remote,
main bathroom light switch, and main bathroom toilet flush lever). Each site was sampled
using a new, sterile cloth. Surfaces were wiped in all directions for one minute. The cloth
was placed into a dry, sterile bag and placed on ice for transport to the CEID.

Swabs were inoculated into 5SmL of Baird-Parker broth and incubated for 24 hours at 35°C.
Environmental sample cloths were homogenised for one minute in 25mL of 1.0% peptone
after which 5SmL was removed and inoculated into 5mL of 2x Baird-Parker broth and
incubated for 24 hours. All samples were plated onto Baird-Parker agar and BBL
CHROMagar MRSA 11 (Becton, Dickinson & Co., La Jolla CA, USA) and following
incubation at 35°C for 48 hours, presumptive S. aureus colonies were streaked onto
Columbia CNA agar with 5% sheep blood (Becton, Dickinson & Co) and incubated for 24
hours.

S. aureus was confirmed with the catalase, coagulase, and Pastorex Staph Plus rapid latex
agglutination tests (Bio-Rad, Redmond, Washington, USA) and all isolates were subjected to
molecular testing.

Molecular testing

Bacterial genomic DNA was extracted with the Promega Wizard Genomic DNA purification
kit (Promega Corporation, Madison WI, USA). Multiplex polymerase chain reaction (PCR)
was used to assess the presence of the mecA gene, the S. aureus specific nuc gene, and 16S
rRNA gene to confirm the identity of S. aureus [18]. PCR was also used to detect the
Panton-Valentine leukocidin (PVL) [19] and to amplify the spa gene [20] for strain typing
using the Ridom StaphType software (Ridom GmbH, Germany). Isolates unable to be typed
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after three attempts were labeled as non-typable (NT) [21]. The Based Upon Repeat Pattern
(BURP) algorithm was used to identify and characterise genetic clusters [22]. All molecular
procedures included known positive (USA300 SF8300 strain) and negative (sterile water)
controls.

As carriage of the same S. aureus strain by multiple members of the same family artificially
inflates the strain prevalence, we adjusted for duplicate strains within-family colonisation,
by including only one isolate of a specific strain per family when calculating spa type
prevalence as well as for mecA and PVL genes. Isolates were considered to be the same
strain if they had the same spatype, mecA and PVL profiles.

Statistical analysis

Data were analysed using SAS version 9.3 and R version 2.15.3. The demographics of
participants were compared using the Student’s T-Test (age), the Chi-Squared Test (gender),
and the Fisher’s Exact Test (race). Random effects logistic regression was utilised to model
the effect of possible risk factors on the probability of colonisation while accounting for
correlation within families and counties[23]. Risk factors were modeled separately for adults
and minors as minors submitted only nasal swabs. The adult model was adjusted for age
while the minor’s model was adjusted for age, gender, and interaction between age and
gender. Conditional prevalence ratios (PRs) were estimated from the random effects logistic
regression model [23]. All associations were considered significant at < 0.05.

Preliminary models run using proc glimmix with both family and county random effects
indicated that county did not have an effect after the risk factors and the random effect for
family were included (data not shown). The only random effect utilised within the analyses
presented here was a family random effect. For each risk factor, proc glimmix was used to
obtain starting values for the final model which used proc nlmixed, the latter allowed for the
estimation of prevalence ratios (PR) rather than odds ratios as PRs have been shown to be
truer estimates of the risk for non-rare outcomes [23]. PRs were estimated at the midpoint
age for adults (43 years), and for minors were estimated for females at the midpoint age (10
years). Risk factors were assessed as dichotomous or categorical with the exception of house
size, number of children, and environmental contamination, which were all modeled as
discrete numeric variables. Individuals with a missing data point were removed from the
specific analyses for that data point.

RESULTS

A total of 263 participants were enrolled (177 adults, 86 minors), comprising 95 families.
The average age of adults was 43.2 years (range: 22.2-67.7 years) and 9.9 years (0.4-18.2
years) for minors. Adult participants were significantly older in the rural county than in the
urban county (P= <0.001). One hundred and forty-four (54.7%) participants were female;
three (2 adults, 1 minor) participants did not indicate gender. Most participants considered
themselves White (92.7% of adults, 89.5% of minors), with 1.7% of adults and 5.8% of
minors considering themselves Black/African American, and 5.6% of adults and 4.7% of
minors indicating “other” (American Indian/Alaska native, Asian, Hispanic or Latino, or
Native Hawaiian or other Pacific Islander) as their race. Gender and race did not differ
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significantly by county for adults and the distributions of age, gender, and race did not differ
significantly for minors. Additional demographic characteristics are provided in Table S1.

S. aureus was detected on 147 (33.4%) of the 440 swabs collected. Of the adult participants,
11 (6.2%) carried S. aureus only in the nares, 33 (18.6%) only in the oropharynx, and 35
(19.8%) in both sites; across both sites, the prevalence of carriage among adults was 44.6%
(Table 1). Minors provided nares samples only and 36.1% carried S. aureus. The prevalence
of nasal carriage in adults was 23.1% in the urban county and 27.9% in the rural county; for
minors, it was 40.8% in the urban county and 29.7% in the rural county. Oropharyngeal
carriage prevalence was 47.3% and 27.9% in the urban and rural county, respectively.
Overall, the sensitivity of nares cultures was 58.2% (46/79) and oropharyngeal cultures was
86.1% (68/79) (Table 2). In the urban county, oropharynx cultures proved more sensitive
than nares cultures, but cultures of both sites were equally sensitive in the rural county.

Six environmental sites that were most likely to be contacted by all members of the
household in each home were screened for contamination (Figure 1) and S. aureus was not
isolated from any of these sites in the majority (65/95, 68.4%) of households; 13 of 95
(13.7%) households had a single positive site. The most frequent positive sites were the
primary TV remote (16/95, 16.8%) and the refrigerator handle (14/95, 14.7%), and at least
one of the six sampled sites in each household was found positive at least once in both
counties. MRSA was isolated from three (3/46, 6.5%) rural households (two houses with
two positive sites and one house with a single positive site), but MRSA was not recovered
from the environment in urban households.

After adjusting for age, there was a significant positive relationship between S. aureus
colonisation among adults and the number of positive environmental sites in the participants’
homes (Table 3). The largest PR for the number of positive environmental sites was
observed for participants living in homes with one positive environmental site compared
with participants in homes with no positive environmental sites (PR: 1.34, Cl: 1.07-1.66, P=
0.0095). The PRs decreased, but remained significant, for all other comparisons. Borderline
positive associations of S. aureus colonisation were evident with race (PR: 1.64, Cl: 0.98-
2.74, P=0.062), having a family member hospitalised in the past three months (PR: 1.82, CI:
0.96-3.47, P=0.069), and having a heart condition (PR: 1.61, CI: 0.96-2.71, P=0.07);
likewise a borderline negative relationship of colonisation was found with a family member
having a skin or soft tissue infection (PR: 0.36, Cl: 0.11-1.18, P= 0.09). After adjustment
for within-family colonisation, a significant positive relationship was observed between S.
aureus colonisation and female and male minors with asthma, the number of children in a
household, and the number of positive environmental sites (Table 3). Other factors not
reaching statistical significance are included in Tables S1 and S2.

Of the 147 S. aureus isolates, there were 57 unique spatypes, t he most common being t002
(n=21), t008 (n=21), t034 (n=11), and t216 (n=10). After adjusting, the number of unique
isolates was reduced to 98 with t002 (n=11), t008 (n=8), and t216 (n=8) the most prevalent.
Six clusters of spatypes were identified among the isolates from the urban county compared
with four clusters among rural (Figure 2), indicating there is a the large diversity of
circulating spatypes in both locations. BURP analysis identified 28 spa types with a genetic
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cost greater than four from any clustered spa type, indicating these spa types were not likely
related to any cluster and thus were excluded from Figure 2 [22]. Also, two spatypes were
excluded as they had fewer than 5 repeat sequences. The genetic relatedness of all spa types
by county are shown using a minimum spanning tree (Figure S1), where the genetic distance
between isolates is represented by the thickness of connecting lines, and the proportion of
isolates for each spatype is represented by circle size. There were no observable differences
between the two counties.

Ten (11.6%) and two (3.3%) isolates from the urban and rural counties, respectively, carried
the mecA gene (Table 4) and after adjustment for within-family colonisation, this was
reduced to seven isolates (12.5%) from the urban county and one (2.4%) from the rural
county (Figure S1b). The PVL gene was not identified in urban isolates but was present in
seven (11.5%) rural county isolates. After adjustment for within-family colonization, five
(11.9%) isolates from the rural county had the PVL gene.

DISCUSSION

The overall prevalence of S. aureus colonisation was higher (44.1%) than most prior
community-based studies [9] and of hospitalised patients[7, 8], whereas, the nasal carriage
rate (25.4%) was similar to that reported by others[1, 7-9]. Our higher overall carriage rate
is likely due to the addition of oropharyngeal swabs as carriage at this site was markedly
more frequent than the nares in adults (37.9% and 25.4%, respectively). This observation
supports the statement by Mertz et a/. that “throat carriage may indeed be more common
among healthy individuals than among individuals who are exposed to the health care
system”[16]. Moreover, our results corroborate those of Hamdan-Partida et a/. [15] who
found 46.5% of healthy workers in a Mexican community had S. aureus oropharyngeal
carriage while 37.1% were nasal carriers [15]; these prevalences compare favourably with
our finding of 47.3% and 29.3% for nasopharyngeal and nasal carriage, respectively. The
difference in nasal carriage between the studies is possibly due to their inclusion of a greater
proportion of study participants being minors [15], which generally have higher S. aureus
carriage rates [24] compared with working age adults [9], as well as an urban population.
The similarity to the urban county — and not the rural county — may be due to differences in
population density, family size, and environmental exposures between the two counties, and
is an association worthy of further study to elucidate this complex relationship. Two other
studies have also found lower colonisation prevalence among persons in the community with
reported rates for oropharyngeal carriage of 17.4% [13] and 10.8% [14], and 17.5% and
21.2% for nasal carriage [13,14]. Of note, the estimates of oropharyngeal colonisation
among persons in the community provided by our study and these other studies are equal to
or greater than the colonisation prevalences of 5.8% to 30% frequently observed in
healthcare settings [25-29]. Additionally, the positive association between S. aureus
colonisation and prevalence or exacerbation of asthma in our study is consistent with a
number of recent publications [30-32], and warrants follow up to further interrogate this
potential risk factor and elucidate the mechanism for asthma development in the presence of
S. aureus colonisation
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PVL prevalence was low (5.1%) after adjusting for within-family colonisation. This differs
markedly from Wardyn et a/. [13] who reported a PVL prevalence of 31% among S. aureus
isolates colonising rural lowans. The adjusted their estimates if a participant was colonised
in both the nares and the oropharynx, but did not account for strains shared by family
members, as was addressed in the current study. In contrast to 11.9% of isolates from the
rural county that were PVL positive, none were found in the urban county. Similar to the
population studied by Wardyn et al [13], Keokuk County is rural, but our adjusted
prevalence was still substantially lower than reported by them.

Oropharyngeal cultures identified a substantially higher percentage of S. aureus carriers than
nasal cultures (86.1% vs. 58.2%). This may help explain why Bradley [34] found greater
than 40% of decolonised persons who were treated with intranasal antimicrobials became
recolonised with their initial strains [33]. Other investigators have found the oropharynx to
be difficult to decolonise with topical antimicrobials applied directly to the oropharynx [34]
or with indirect intranasal antimicrobial application [35]. This high recolonisation rate and
the importance of the oropharynx as a colonization site in healthy persons suggest that
investigators evaluating the efficacy of decolonisation protocols should assess recolonisation
rates of both the nares and oropharynx.

Three of the 109 (2.8%) colonised persons, each from different families, harboured a strain
of spatype t034, which has been associated with livestock exposure, particularly swine[36].
All four participants were from the rural county, two were actively farming and one had
previously farmed and had an actively farming family member; the fourth individual had no
discernible livestock exposure.

The two households with MRSA environmental contamination had at least one family
member colonised with an isolate of the same spa type but lacking the mecA gene. This
finding is surprising as it suggests the /mecA gene could be lost when an isolate moves from
the environment to humans [37-39]. Alternate hypotheses are: these isolates are not truly
clonal and have the same spatype by chance; or the strain acquired mecA in the
environment following human shed. Extended storage at —20°C is unlikely to cause loss of
the mecA gene [40] as samples from humans and the environment were stored together and
the number of freeze-thaw cycles did not differ.

Environmental contamination has been postulated to be an important mode of S. aureus
transmission, albeit less important than direct person-to-person transmission. Importantly,
Alam et al. found the household to be a hotspot for transmission of MRSA isolates causing
infections but did not discuss the possibility of environmental contamination as a fomite
[41], thus we evaluated environmental contamination to gain insights into the role the
environment plays in colonisation. In our population, having at least one positive
environmental site had the strongest association with colonisation for both adults and
minors, indicating it may play a greater role in transmission than previously thought. Our
study did not elucidate the direction of transmission (i.e. environment to person or person to
environment) or whether there is a dose-response of increased environmental contamination
associated with increased colonisation prevalence, due to the cross-sectional nature of this
study and the small number of individuals in houses with greater than one contaminated
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environmental site, respectively. A contaminated environment may also be a proxy for other
risk factors, such as hygiene standards, that we did not assess directly. Additional research is
needed to further characterise this association to identify which sites within a household are
most commonly contaminated and/or associated with colonisation. Further research is also
needed to assess whether fomites, aerosolisation, o r settled dust aid the transmission of S.
aureusin homes [42].

A potential limitation of this study is the use of different recruitment approaches for each
county. It is possible these strategies led to selection bias, however, as individuals are
unlikely to know if they are colonised with S. aureus it is unlikely that such differences had
any impact on an individual’s decision to enroll in the study. Additionally, participants were
asked if anyone in their household had had a skin and soft tissue infection or S. aureus or
MRSA infection in the past three months. The proportion of individuals responding yes was
not statistically different between the two counties, reducing the possibility that participants
were motivated by S. aureus colonization status or knowledge.

In conclusion, S. aureus was isolated from both the nares and oropharynx of healthy
community members, with the oropharynx being the more common site of colonisation. We
observed a higher prevalence of colonisation than previously reported and postulate that this
was due to the addition of oropharyngeal swabs. Environmental contamination was the
factor most strongly associated with S. aureus colonisation. Previous studies of S. aureus
colonisation have focused on patients in healthcare settings or on other high-risk groups and
thus may not be applicable to community members. Our findings have implications for
efforts to decrease community-acquired S. aureus infections and, thus, warrant additional
studies.
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Figure 1.
Prevalence of S. aureus environmental contamination.

(A) Prevalence at 6 sites in participant households stratified by county and presence of the
mecA gene, which is indicative of methicillin-resistant S. aureus.

(B) Total number of environmental sites contaminated by S. aureus for each household by
county.
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BURP analysis of S. aureus spatyping by county.
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Table 1

Prevalence of S. aureus and MRSA isolated from participants by county

MSsA@ M RSAb Total S. aureus

Adults
Urban county  39/90 (43%) 7/90 (7%) 46/90 (51%)
Rural county ~ 31/87 (35%)  2/87 (2%)  33/87 (37%)
Total 70/177 (40%)  9/177 (5%)  79/177 (45%)
Minors
Urbancounty  19/49 (38%)  1/49 (2%)  20/49 (40%)
Rural county ~ 11/37 (29%)  0/37 (0%)  11/37 (29%)
Total 30/86 (34%)  1/86 (1%)  31/86 (36%)

Note: The numerator for adults was the number of participants with S. aureus isolated from the nares, the oropharynx, or both. The numerator for
minors was the number of participants with S. aureusisolated from the nares. The denominator is the total number of participants by county for
adults and minors.

aMSSA = methicillin-susceptible S. aureus

bMRSA = methicillin-resistant S. aureus
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Table 2

Sensitivity of screening the nares and the oropharynx to identify adult individuals who are colonised with S.
aureus

Urban county (n=46) Rural county (n=33) Total (n=79)

Nares 21/46 (45%) 25/33 (75%) 46179 (58%)
Oropharynx ~ 43/46 (93%) 25/33 (75%) 68/79 (86%)

Note: The denominator is the total number of adults colonised with S. aureus in their nares, their oropharynx, or both. The numerator is the number
of adults identified by culture screening of the specific anatomical site.
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Table 4

Molecular characteristics of S. aureus isolates from participants

Unadjusted mecA  Adjusted mecA Unadjusted PVL®  Adjusted PVL@

Urban county ~ 10/86 (11%) 7/56 (12.5%) 0/86 (0%) 0/56 (0%)
Rural county  2/61 (3%) 142 (2%) 7/61 (11%) 5/42 (11%)
Total 12/147 (8%) 8/98 (8%) 7/147 (4.8%) 5/98 (5%)

Note: Unadjusted values include all S. aureus isolates from participants broken down my county. Adjusted values include only a single copy of
isolates with the same molecular profile (same spa type, and presence/absence of mecA and PVL) to account for familial clustering and the
presence of clonal isolates in the nares and oropharynx of adult participants.

aPVL = Panton-Valentine leukocidin
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