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Prevalence of Staphylococcus aureus and
Lack of Its Lytic Bacteriophages in the Anterior
Nares of Patients and Healthcare Workers
at a Rural Clinic

Vijay H. Aswani, MD, PhD and Sanjay K. Shukla, PhD

Background: Nearly 30% of people in the United States are colonized with Staphylococcus aureus and
1% to 2% with methicillin-resistant Staphylococcus aureus (MRSA) in the anterior nares. However, it is
not known if lytic bacteriophages against S. aureus are present in the anterior nares, and if they are,
what the prevalence rate is, or if they interfere with S. aureus colonization. The aim of this study was
to determine the prevalence of nasal carriage of S. aureus and MRSA and to screen for S. aureus lytic
bacteriophages in healthcare environment workers and ambulatory patients.

Methods: We enrolled 202 individuals into this study. The anterior nares were swabbed to isolate S.
aureus, MRSA, and any lytic S. aureus bacteriophages that may be present. Putative S. aureus colonies
on blood agar plates were identified using gram stain, catalase and coagulase tests, and confirmed by
S. aureus-specific PCR. Presence of staphylococcal lytic bacteriophages were screened by a plaque assay
technique using a methicillin-sensitive reference S. aureus strain ATCC 29213.

Results: Of the 49 (24%) individuals who screened positive for S. aureus, two (1%) were positive for
MRSA. None of the samples were positive for lytic bacteriophages against S. aureus. Subgroup analysis
found no significant difference in the prevalence of S. aureus in the house staff compared to other
healthcare environment workers or ambulatory patients of the clinic. Similarly, no significant difference
in colonization was noted across the population with respect to age, sex, body mass index, or presence
of diabetes mellitus.

Conclusion: The prevalence of nasal carriage of S. aureus and MRSA in the studied population was
24% and | %, respectively, similar to the rate of prevalence in the United States.The study also showed
that the anterior nares do not seem to harbor lytic bacteriophages against S. aureus.
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Orriginal Research

Staphylococcus aureus, frequently part of the normal
flora of the anterior nares, is an important opportunistic
pathogen capable of causing a number of diseases ranging
from skin and soft tissue infections to bacteremia, pneumonia,
endocarditis, and sepsis.' The prevalence rates of S. aureus
and methicillin-resistant S. aureus (MRSA) in the anterior
nares in the United States population are 28.6% and 1.5%,
respectively.? People colonized with S. aureus have a higher

rate of S. aureus infections than people who are not
colonized."? Elimination of S. aureus carriage in the anterior
nares by mupirocin has been shown to reduce the incidence
of post-operative S. aureus infections.* Unfortunately,
resistance to mupirocin has been reported in several studies.>*
Therefore, bacteriophages with Iytic activity against
S. aureus have been proposed as an additional tool to treat
nasal carriage.”®
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Figure 1. Study flow chart.

The ecological factors leading to colonization of the anterior
nares by S. aureus and MRSA are little-understood. Lina et
al’ showed that the S. aureus colonization rate in subjects
colonized by Corynebacterium spp. and/or non-aureus
staphylococci, especially S. epidermidis, was significantly
lower than in subjects not colonized by these species.
Sivaraman et al'® and Peacock et al'' reviewed several factors
both from the host and bacterium that were involved in the
variability of nasal colonization by S. aureus. Some of the
host factors included certain HLA types, and polymorphisms
in glucocorticoid receptors and the Fc fragment of IgG.
Bacterial factors included the roles played by proteins made
by sdrE and clfB genes among others.'” A study by Nouwen
et al'” showed that the majority of noncarriers and nearly all
persistent carriers returned to their original carrier state after
artificial inoculation, with a majority of persistent carriers
testing positive again for their original resident strain.
Epidemiologic studies,'™'* have also reported a negative
association between S. prneumoniae nasopharyngeal
colonization and S. aureus nasal colonization. In a matched
case-control study, Regev-Yochay et al'® reported that the
odds of co-colonization with S. aureus were significantly
lower for individuals carrying a piliated versus nonpiliated S.
pneumoniae strain. Wos-Oxley et al'® and Costello et al'” both
suggest that the anterior nares represent a complex ecological
niche in which the species interaction may well determine the
colonization and prevalence of S. aureus and MRSA.

Bacteriophages are ubiquitous and the most abundant living
entities on earth (oceans, soil, deep vents, etc.), with estimates
ranging from 10°° to 10* in total, and they play key roles in
regulating the microbial balance in every ecosystem where
this has been explored.'® Lytic bacteriophages against different
bacterial species have been isolated and even suggested to be

part of the complex microbiome of the human gut,"”* oral

cavity,”"*and vagina.” The lytic phages are likely to modulate
the rate of prevalence for one or more bacteria in different
microbiological niches in the body. While lytic bacteriophages
against S. aureus and MRSA have been isolated from different
sources such as milk,** sewage influent,”® cow slurry,®® and
septic wounds,” it is not known if they are prevalent in the
anterior nares.

The goals of this study were to determine (1) the nasal
presence of S. aureus and MRSA in ambulatory patients from
the general population and healthcare environment (HCE)
workers, including the medical house staff, of a Midwestern
rural multispecialty clinic, and (2) to determine the
presence of lytic bacteriophages against S. aureus in their
anterior nares.

Methods

Study Design

A study of nasal colonization of human subjects by S. aureus
was carried out following review and approval by the
Institutional Review Board. A flow chart of the overall study
is depicted in figure 1. From October through November
2008, we screened for potential study participants from the
ambulatory patients and HCE workers, including medical
house staff, of a Midwestern rural multispecialty clinic.
Participants were screened by trained research coordinators.
The ambulatory patients group consisted of people that came
to seek clinical care at the departments of Internal Medicine,
Pediatrics, Internal Medicine-Pediatrics (Med-Peds), and
Family Practice. The HCE group consisted of workers at the
multispecialty clinic and was not restricted to those having
patient contact only. The medical house staff of the clinic
included 62 MD or PhD graduate learners in six residency
programs (general surgery, internal medicine, pediatrics,
med-peds combined residency, dermatology, and transitional
year), three fellowship programs (general internal medicine,
non-operative spine, and palliative care), one post-doctoral
psychology fellowship program, and one pharmacy
residency program.

A total of 338 subjects were approached, of which 202 (60%)
gave written informed consent to participate in the study. No
participant received any remuneration for study participation.
The HCE group enrolled 111 participants (including 50
medical house staff), and the ambulatory group recruited and
enrolled 91 participants using the following inclusion and
exclusion criteria: adult males or females, ages 18 to 100
years old, were included in the study; exclusion criteria included
being currently on mupirocin or other nasal medications,
having a 2-week history of nose bleed, signs of rhinitis, and/
or using antibiotics at the time of enrollment (table 1).

Statistical Basis for Sample Size

Sample size calculations were based on the following: the
sample size (n=202) was chosen to have a reasonable
likelihood of detecting lytic S. aureus bacteriophages. The
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Table 1. Screened population and exclusion criteria
distribution.

Criteria n

Excluded 136 (40.2%)
Activated POA / <18 or non-English speaking 10 (3.0%)
Refused 17 (5.0%)
Nosebleeds 4 (1.2%)
Nasal spray 31 (9.2%)
Missed/no shows 25 (7.4%)
Signs of rhinitis 15 (4.4%)

Antibiotics
Included (Consented)

34 (10.1%)
202 (59.8%)

POA, Power of Attorney

reported incidence rate of S. aureus in the anterior nares is
28% to 32%,>* and reported prevalence of lytic bacteriophages
in certain niches on the human body ranges from 3% to
33%."?" With a 30% S. aureus carriage rate and a phage
prevalence range of 3% to 33%, we estimated that the
likelihood of detecting at least one phage in 202 samples
would be 1 — (1 —.3 x .03)* = 84% (lower estimate), and 1
—(1-.3 x.3)™ =99% (upper estimate).

Swabbing the Anterior Nares

Samples were collected from each subject with two dry,
un-moistened swabs (Copan Diagnostics, Corona, CA). The
swabbing was done by research coordinators trained in the
proper technique. The swabs were transported to the research
laboratory and immediately stored at 4°C. Most samples were
processed within 2 to 16 hours of collection.

Identification of S. aureus and MRSA

One of the nasal swabs was plated on CNA agar (Columbia
CNA w/5% Sheep Blood w/Colistin, Nalidixic Acid) and
incubated at 37°C for 24 hours. Beta-hemolytic colonies from
the CNA plates were subcultured on blood agar plates (BAP)
and incubated at 37°C. After 24 hours, any beta-hemolytic
colonies on the BAP were screened for S. aureus using gram
stain, catalase and coagulase tests (using the Staphaurex Plus
latex agglutination test [Remel]). All tentative S. aureus thus
identified were confirmed by S. aureus-specific 16S rRNA
gene PCR.” Confirmation of methicillin resistance was by
mecA PCR, and the presence of Panton-Valentine leukocidin
(PVL) toxin genes by IukSF-PV PCR. %' All S. aureus
isolates were then genotyped by spa typing** and multi-locus
sequence typing.*?

Lytic Bacteriophage Assay

The assay method was modified from Sambrook and Russell.**
Briefly, a nasal swab was suspended into a 5 ml tube
containing 3 ml of trypticase soy broth (TSB), vortexed, and
incubated at room temperature for 20 minutes. The
supernatant was filtered through a 0.22 pum filter into
microcentrifuge tubes to remove the bacterial cells and then
stored at 4°C. Simultaneously, TSA (tryptic soy agar) base

plates were prepared by pouring 15 mls of molten TSA
(Trypticase Soy broth with 1.5% bacto-agar and calcium
chloride to a final concentration of 400 pg/ml) into sterile
petri plates. Two colonies of host cell (methicillin-sensitive S.
aureus, ATCC 29213) grown on BAP were inoculated into 2
ml of TSB and incubated at 37°C for 3.5 hours. A 100 pl
aliquot of this log phase culture (OD 0.5 at A,,) was added to
2.5 ml molten top agar (TSB+0.6% agar+CaCl, [400 pg/ml]),
vortexed briefly, and poured onto the TSA base plates. The
plates were allowed to cool. The base of the plate was marked
to divide it into 16 squares. A 30 pl aliquot of filtrate was
spotted onto each square. The plates were left to stand in a
laminar air hood until the spotted filtrates were absorbed into
the agar. They were then incubated at 37°C and checked for
plaques at 12, 24, 36, and 48 hours. Suspected plaques on
plates were photographed.

ATCC 29213 is a reference strain isolated from a human
wound that is used in antimicrobial sensitivity testing and
quality control in most clinical microbiology laboratories.”
To test the suitability of this reference, we used it to screen for
lytic bacteriophages in clinical (abscesses, pustules, and
wounds) and sewage materials in preliminary experiments.
Three phages (C13-14, C21, and U-11) were thus isolated and
used as positive controls in the lytic bacteriophage assay (data
not shown). Consequently, it was chosen as a suitable host cell
to screen for lytic bacteriophages.

Statistical Analysis

Subgroup analyses for the association between age, gender,
and S. aureus prevalence were performed by the Fisher’s exact
test using the SAS package (Cary, NC). A P value of <0.05
was considered statistically significant.

Results

Table 1 shows that our recruitment rate was 59.8% and
resulted in 202 eligible and consenting participants out of
the 338 individuals approached. The demographic
characteristics of the study population are shown in table 2.
There were 86 males and 116 females with an average age
of 47.15 years. Seventy-seven percent (77%) of the subjects
were between 20 to 59 years of age and 22% were > 60
years. Eleven percent (11%) were diabetic and 70% were
either overweight or obese. Overweight was defined as a
body mass index (BMI) of 25.0 to 29.9; obesity was defined
as a BMI of 30.0 or higher.*® The HCE workers population
consisted of a younger (average age 40.5 years versus 54.7
years), predominantly female (63% versus 51%) group with
fewer known cases of diabetes (4% versus 21%) compared
to the ambulatory patient population. The enrolled house
staff, which accounted for 50 of the 111 individuals in the
HCE workers group, were between the age of 20 to 59 years,
with the average age of 33 years. Fifty-two percent (52%)
were male, only 2% were diabetic, and 30% were either
overweight or obese.
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Table 2. Demographics of the study population.

Total
n (°/o)
All Participants 202 (100%)
Average Age (y) 47.15
Sex
Male 86 (43%)
Female 116 (57%)
Age
20-59 y 156 (77%)
>60y 44 (22%)
Diabetes
Yes 23 (11%)
No 179 (89%)
Body Mass Index
Normal 35 (17%)
Overweight 52 (26%)
Obese 89 (44%)

HCE, Healthcare environment

Out of 202 CNA plates (one per individual in the study), 100
showed putative S. aureus as determined by a zone of
hemolysis surrounding the colonies. On average, 1.8 putative
S. aureus colonies per plate were screened by the Staphaurex
Plus latex agglutination test. Of the 56 individuals who had
colonies positive by this latex test, 49 (24%) were positively
identified as S. aureus by PCR, and 7 of the 56 turned out to
be S. lugdunensis by 16S rDNA PCR.

The overall prevalence of S. aureus in the population studied
was 24.3% (95% CI, 18.5-30.8) with a MRSA prevalence of
0.99% (95% CI, 0.12-3.53). No significant difference in S.
aureus prevalence was found in sub-group analyses (sex, age,
diabetes, or BMI) (table 3). For example, 27.9% (95% CI,
18.8-38.6) of the males were positive for S. aureus compared
to 21.6% (95% CI, 14.5-30.2) of the females, with no

Table 3. Prevalence of colonization in the study population.

Ambulatory
HCE Workers Patients
n (%) n (%)
111 (100%) 91 (100%)
40.5 54.7
41 (37%) 45 (49%)
70 (63%) 46 (51%)
101 (91%) 56 (62%)
9 (8%) 35 (38%)
4 (4%) 19 (21%)
107 (96%) 72 (79%)
27 (24%) 9 (10%)
26 (23%) 26 (29%)
34 (31%) 55 (60%)

statistically significant difference (P=0.3223) by Fischer’s
exact test. We also did not find any significant difference
between the prevalence of S. aureus in HCE workers versus
ambulatory patients, or between the house staff and other
HCE workers (table 4). Twenty-seven (25.5%; 95% CI,
17.6-34.17) of the HCE workers compared to 22 (23.2%;
95% CI, 15.1-32.9) of the ambulatory patients were positive
for S. aureus. This difference was not significant (P=0.87) by
Fischer’s exact test. Neither of the two isolated MRSA came
from HCE workers nor house staff.

Multiple genotypes of S. aureus were identified in our study,
but none of the S. aureus strains were positive for PVL genes.
Of the 26 different spa types identified, t012 (16%) and t084
(10%) were the most common. All isolates showing spa type
t012 belonged to sequence type ST30. Isolates with spa type

Prevalence of colonization

S. aureus MRSA

Characteristic n n % P value n %
All participants 202 49 24.3 2 0.99
Sex

Male 86 24 27.9 0.3223 1 1.16

Female 116 25 21.6 1 0.86
Age

20-59y 155 40 25.8 0.2279

>60y 44 7 15.9
Diabetes

Yes 23 3 13 0.2996

No 179 46 25.7
Body Mass Index

Normal 35 8 22.9 0.7889

Overweight 52 10 19.2 0.8165

Obese 77 20 26

MRSA, methicillin-resistant Staphylococcus aureus
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Figure 2. Based upon Repeat Patterns (BURP) analysis of the
49 S. aureus strains isolated.

t084 were represented by two STs: ST15 and ST18. Three
new spa types, t5074, t5077, and t5087 were identified.
Based upon Repeat Patterns (BURP) analysis of 49 S. aureus
strains, the strains were grouped into four spa Clonal
Complexes (spaCC) and 13 singletons (figure 2). The two
MRSA isolates belonged to spa type t002 (SCCmec type II)
and t012 (SCCmec type IVc). Interestingly, MRSA isolates
were recovered from two ambulatory patients who were
pre-diabetic with a BMI of 31.1 and 37.5, and aged 58 and
51 years, respectively.

None of the 202 samples were positive for lytic
bacteriophages against S. aureus. However, 11 samples
(5.4%) were positive for lytic bacteriophages against
S. epidermidis (unpublished data).

Discussion

The primary goal of this study was to answer the question of
whether lytic bacteriophages against S. aureus are present in
the anterior nares of humans. A sample size was chosen to
adequately power the study to answer this question. Out of
338 individuals who were approached and screened, 202
(59.8%) were eligible and consented to participate. Of the
approached subjects, those excluded from participation in the

study were excluded mostly because of being on nasal
medications or antibiotics.

The demographics of our entire study population (table 2) are
similar to that of the U.S. population at large for age
distribution,?® diabetes,”” and obesity.”® This study’s overall
prevalence of S. aureus (24.3%) and MRSA (0.99%) is also
similar to those noted for the U.S. population and published
by Kuehnert et al,”® who reported S. aureus and MRSA
colonization prevalence estimates as 32.4% (95% CI, 30.7—
34.1) and 0.8% (95% CI, 0.4-1.4), respectively.

However, our study showed a lower prevalence rate (25.5%
for S. aureus and 0% for MRSA) among HCE workers than
previous studies, such as Elie-Turenne et al** who reported a
43.8% prevalence for S. aureus and a 15.2% prevalence for
MRSA in healthcare professionals, and Barbosa et al** who
reported a 5% MRSA prevalence in house staff in their study,
all from surgical rather than medical house officers. In
addition, Halablab et al*' reported contact with healthcare
workers as a risk factor for nasal colonization. Typically, the
rate of MRSA colonization is reported to be higher in coastal
cities and teaching hospitals due to a higher patient population.
The lower rate of S. aureus and MRSA nasal colonization in
the HCE workers in our study could have been due to
increased compliance with infectious control policies and
procedures that are monitored in this clinic.

We identified 26 different spa types in this population,
suggesting a diversity of S. aureus genotypes present in the
anterior nares. The t012 spa type had a frequency of 16% in
our study population, compared to a frequency of 1.38% in
the Ridon SpaServer (http://spaserver2.ridom.de) database.
Similarly, the t084 spa type had a frequency of 10% in our
study population compared to a frequency of 1.37% in the
Ridon SpaServer. Both of these spa types belonged to two of
the major clonal complexes of S. aureus (CC15 and CC30).
The two MRSA isolates belonged to spa type t002
(SCCmec type 1) and t012 (SCCmec type IVc) representing
common healthcare-associated and community-associated
genotypes, respectively.

None of the 202 study samples were positive for lytic
bacteriophages against the methicillin-sensitive S. aureus
reference strain ATCC 29213. We noticed that coagulase-

Table 4. Prevalence of nasal carriage of S. aureus in healthcare vs. non-healthcare workers.

Enrolled
(n) S. aureus positive (n) % P value*

Participants 202 49 24.3

Healthcare 110 27 25.5 0.8704

Non-healthcare 92 22 23.2
Healthcare 110 27 25.5

Residents 49 12 24.5 1

Non-residents 61 16 26.2

*Level of significance calculated from Fischer’s exact test.
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negative staphylococci were the predominant flora on the
CNA plates (data not shown), while only 24% grew S. aureus.
Typically, bacteriophages are best isolated from environments
where the host cells are present in abundance."® Indeed,
Furuse et al* reported a higher percent of stool samples
positive for the coliphages from patients with travelers’
diarrheathan in healthy patients. Absence of lytic bacteriophage
against S. aureus in the anterior nares could, therefore, be
explained in the context of possible dynamic interaction
between host and its phages. When the numbers of host cells
are high, the number of phages could be low, and vice versa.
It is possible, but not likely, that our sampling time escaped
the periods of the host and phage cycle when bacteriophage
concentration was high.

An additional reason for not isolating S. aureus bacteriophages
could have been that we used only one host cell strain, ATTC
29213, a standard reference S. aureus strain used in clinical
microbiology for antimicrobial testing.*> A known weakness
of isolating bacteriophages from their natural habitat is their
detection using a specific host strain.** Furthermore, the
limited amount of material from the anterior nares of each
study participant made testing against multiple strains of
S. aureus difficult.

Interestingly, we found 11 samples that were positive for lytic
bacteriophages against S. epidermidis which is very commonly
found in the anterior nares.* These bacteriophages belonged
to the families Podoviridae and Siphoviridae. Indeed, we had
more clinical samples positive for S. epidermidis than S.
aureus (data not shown).

In conclusion, our study showed a lack of detectable levels of
lytic bacteriophages against S. aureus in the anterior nares,
probably due to the low prevalence of lytic bacteriophages in
this region.
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