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Summary

Objectives—As individuals may be colonized with multiple strains of Staphylococcus aureus at
different body sites, the objectives of this study were to determine whether S. aureus polyclonal
colonization exists within one body niche and the optimal sampling sites and culture methodology
to capture the diversity of S. aureus strains in community-dwelling individuals.

Methods—Swabs were collected from the nares, axillae, and inguinal folds of 3 children with
community-associated S. aureus infections and 11 household contacts, all with known S. aureus
colonization. S. aureus isolates were recovered from each body niche using 4 culture methods and
evaluated for polyclonality using phenotypic and genotypic strain characterization methodologies.

Results—Within individuals, the mean (range) number of phenotypes and genotypes was 2.4 (1-
4) and 3.1 (1-6), respectively. Six (43%) and 10 (71%) participants exhibited phenotypic and
genotypic polyclonality within one body niche, respectively. Broth enrichment yielded the highest
analytical sensitivity for S. aureus recovery, while direct plating to blood agar yielded the highest
genotypic strain diversity.

Conclusions—This study revealed S. aureus polyclonality within a single body niche. Culture
methodology and sampling sites influenced the analytical sensitivity of S. aureus colonization
detection and the robustness of phenotypic and genotypic strain recovery.
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Introduction

Methods

Staphylococcus aureus is a commensal bacterium with the potential to cause community-
associated and nosocomial infections.12 S. aureus often resides in the anterior nares,
oropharynx, inguinal folds, axillae, and rectum of otherwise healthy people.3-6 Colonization
with S. aureus is a known risk factor for skin and soft tissue infections; in extreme cases, S.
aureus may cause invasive life-threatening infections such as osteomyelitis, bacteremia, and
pneumonia.’-8

Within an individual, multiple colonizing strain types of S. aureus have been recovered from
different anatomical niches.? This finding raises the inquiry of polyclonality within an
anatomic niche. S. aureus polyclonality is an important consideration from a biological and
clinical standpoint. The simultaneous carriage of more than one subtype of S. aureus at one
body site opens the opportunity for horizontal gene transfer; the transfer of antibiotic
resistance and virulence factors between co-colonizing strains could contribute to the
pathogenicity of the particular isolate.10

When studying the carriage and transmission of S. aureus, it is important to not only
consider the prevalence of polyclonal colonization within one niche, but also the culture
methods resulting in the recovery of the highest strain diversity. The majority of studies rely
on the selection and analysis of a single colony from a positive culture plate, not accounting
for polyclonality despite its potential importance to molecular epidemiology
investigations.! Polyclonality has primarily been studied in healthcare settings or
immunocompromised patients. These studies have demonstrated that 7-30% of individuals
colonized with S. aureus possess multiple strain types within one body niche.1912 While
important, these findings within populations with healthcare exposure may be limited in
their application to individuals in community settings.

In the current study, we sought to address the issue of intra-individual S. aureus strain
diversity in pediatric index patients diagnosed with community-associated methicillin-
resistant S. aureus (CA-MRSA\) infections and their household contacts. Using genotypic
and phenotypic analysis, the objective of this study was to determine whether multiple strain
types of S. aureus coexist in one body niche within an individual. Additionally, we sought to
determine the optimal sampling sites and culture methodology to capture the greatest
diversity of S. aureus strains within a population.

Participant Selection

This study population was derived from a longitudinal study and consisted of 14
participants, all of whom were colonized with S. aureus. 3 pediatric index patients with
cutaneous or invasive CA-MRSA infections and 11 healthy household contacts of these
patients. The cohort was recruited from Saint Louis Children’s Hospital and community
pediatric practices as described previously.13 At enrollment, swabs (Eswab, Becton
Dickinson [BD], Franklin Lakes, NJ) were collected for culture from the anterior nares,
axillae, and inguinal folds of each participant to determine S. aureus colonization status. In
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the present study, S. aureusisolates recovered from the same niche (i.e. the axillae, inguinal
folds, or anterior nares) of 14 participants (designated A-N) were evaluated for polyclonality
as described below. This study was approved by the Washington University School of
Medicine Human Research Protection Office. Written informed consent was obtained from
all participants.

Laboratory Procedures

Culture methods—From each culture swab, 100 puL of Eswab eluate was inoculated onto
each of 1) trypticase soy agar with 5% sheep blood agar plate (BAP) (BBL, BD), 2) Spectra
MRSA (Remel, Lenexa, KS) (a chromogenic agar selective and differential for MRSA), and
3) tryptic soy broth with 6.5% NaCl (BBL, BD), and then incubated overnight at 35°C.
From the broth cultures, 100 uL aliquots were plated to BAP and Spectra MRSA and
incubated at 35°C overnight. For each BAP, up to 10 colonies consistent with S. aureus
(large, cream to golden colored and p-hemolytic) were selected by an experienced
microbiologist; for each Spectra MRSA, up to 5 colonies consistent with S. aureus (denim
blue in color) were selected. Each colony selected from BAP and Spectra MRSA were
subsequently subcultured to individual BAPs and incubated overnight at 35°C ( Figure 1).

In all, 4 separate culture methods were compared: 1) direct plating to BAP, 2) direct plating
to Spectra MRSA, 3) broth enrichment with subculture to BAP, and 4) broth enrichment
with subculture to Spectra MRSA (Figure 1). Results from a rapid latex agglutination test
for S. aureus identification (Staphaurex, Remel), catalase activity, and Gram staining
confirmed the identity of S. aureusisolates. Variations exist in the number of isolates
recovered from each individual in the study due to instances where fewer colonies consistent
with S. aureus were present or isolates selected were subsequently identified to be an
organism other than S. aureus.

Phenotypic analysis—Antibiotic susceptibility testing for each clone was performed on
Mueller-Hinton agar (BBL, BD) using the Kirby-Bauer disk-diffusion method and
interpreted in accordance with Clinical and Laboratory Standards Institute 2012
Guidelines.14 Susceptibility to cefoxitin (as a surrogate for methicillin resistance),
clindamycin (including inducible clindamycin resistance as determined by the double disk
diffusion D-test), erythromycin, trimethoprim-sulfamethoxazole (TMP-SXT), rifampin,
tetracycline, ciprofloxacin, linezolid, and ceftaroline were recorded; for the purpose of
analysis, isolates with a positive D-test were classified as clindamycin resistant.1> Unique
antibiotic susceptibility patterns were assigned a designation (AA, BB, etc.), followed by an
—R or -S annotation, reflecting resistance or susceptibility to methicillin, respectively (Table
1).

Genotypic analysis—DNA extraction for each clone was performed using the BiOstic
Bacteremia DNA kit (MoBio Laboratories, Carlsbad, CA). Strain typing by repetitive-
sequence PCR (repPCR) was performed as described previously.1316 For the purpose of our
analyses, distinct repPCR strains were assigned a designation (RS1, RS2, etc).
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Statistical Analysis

Results

Data were analyzed with descriptive statistics using SPSS 22 for Windows (IBM SPSS,
Chicago, IL). The numbers of colonies needed to be selected in order to detect all strain
types within each body niche, as well as the strain diversity recovered by sampling multiple
body sites, were calculated. T-tests were used to compare mean colonization burden across
levels of genotypic strain diversity. The analytical sensitivity of each method was calculated
using the following formula:

# of individuals with S. aureus recovery at body niche using a specific culture method
Total # of individuals with S. aureus recovery at body niche using ALL culture methods

Methods of characterization were compared by the discriminatory index (D), calculated
using the standard formula for this metric:1’

1 S

where Nis the total number of strains in the sample population, Sis the total number of
subtypes described, and 77;is the number of strains belonging to each of the subtypes. A
value of 1 is considered to be highly discriminatory and a value of 0 is not discriminatory.1’

Of 14 participants, 8 (57%) were male, 10 (71%) were African-American, and the median
age was 8.5 years (range 0.5-37 years). Colonization cultures collected from the anterior
nares, axillae, and inguinal folds by all culture methods yielded 336 S. aureusisolates. By
niche, 178 (53%) isolates were from the anterior nares, 74 (22%) were from the axillae and
84 (25%) were from the inguinal folds. Six subjects were colonized at 1 body site (most
commonly the nares) and 8 were colonized at multiple body sites. Fifteen repPCR strain
types (genotypes) were recovered; 1 strain type (designated RS7) comprised 39% of all
isolates (Table 2). Based on patterns of antibiotic resistance (phenotypes), a total of 2
methicillin-susceptible S. aureus (MSSA) phenotypes and 4 MRSA phenotypes were
recovered (Table 1). All isolates recovered in this investigation were susceptible to TMP-
SXT, rifampin, tetracycline, linezolid, and ceftaroline.

A discriminatory index was calculated for each method of characterization: genotypic,
phenotypic, and a combination of the genotypic and phenotypic strain characterization
methods (aggregate). RepPCR was more discriminatory than antibiotic susceptibility
patterns, but the aggregate resulted in the highest discriminatory power (Table 3).

Of note, some S. aureus repPCR strain types appeared to be commonly detected together,
i.e. they were only recovered when a certain other strain type was present in the same body
niche of the same participant. This pattern was observed for repPCR strain type RS8
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(correlated with RS7), RS10 (correlated with RS2) and RS4 (correlated with RS7).
Polyclonality with these strains was not specific to a particular niche.

Strain Diversity by Culture Method

Within each body niche, the analytical sensitivity of each culture method to recover S.
aureus was determined. Broth enrichment to BAP was the most sensitive of the four culture
methods with 100% recovery of S. aureus and 75% recovery of MRSA from both the
anterior nares and axillae and 100% recovery of both S. aureus and MRSA from the inguinal
folds. The direct plating to BAP culture method was the second most sensitive recovering
42%, 57%, and 63% of S. aureus isolates from the anterior nares, axillag, and inguinal folds,
respectively (Table 4). In all circumstances in which direct plating techniques yielded S.
aureus isolates, broth enrichment techniques also recovered S. aureus isolates.

The broth enrichment to BAP culture method recovered 201 isolates (60% of all recovered
isolates), yielding 9 distinct genotypes. Of note, 4 genotypes were uniquely recovered by
this method (RS1, RS4, RS9, RS13). The direct plating to BAP culture method recovered 88
isolates (26%), yielding 11 distinct genotypes; 5 genotypes were only recovered by this
method (RS5, RS6, RS12, RS14, RS15). The broth enrichment to Spectra MRSA culture
method recovered 28 isolates (8%), yielding 1 distinct genotype. The direct plating to
Spectra MRSA method recovered 19 isolates (6%), yielding 2 distinct genotypes; genotype
RS11 was solely recovered by this method. Overall, broth enrichment culture methods
recovered more phenotypes (6) than direct plating methods (3). The mean genotypic strain
diversity recovered by the direct plating to BAP culture method was higher than the broth
enrichment to BAP culture methods (Table 5).

Strain Diversity within Individuals

The mean number of isolates recovered per participant (by all culture methods) was 24
(range 5-53). Five participants were colonized exclusively with MSSA (36%), 3 exclusively
with MRSA (21%), and 6 with both MRSA and MSSA (43%). Both MRSA and MSSA
phenotypes were recovered within a single body niche from all 6 individuals in the latter
group. The mean number of phenotypes detected within an individual was 2.4 (range 1-4).
The mean number of genotypes recovered from an individual was 3.1 (range 1-6).

Using the number of isolates recovered per participant as a surrogate for burden of S. aureus
colonization, patients more heavily colonized with S. aureus had greater genotypic strain
diversity. On average, 12 isolates were recovered from participants with 1 S. aureus
genotype, while 29 isolates were recovered from participants with multiple genotypes
(p=0.049). Employing the median number of genotypes to generate groups for comparison,
36 isolates were recovered from participants with more than 2 genotypes, compared to 12
isolates in participants with 2 or less genotypes (p<0.001).

Strain Diversity by Body Niche

The mean number of isolates recovered per body niche (by all culture methods) was 12
(range 3-28). Participants were colonized most frequently in the anterior nares (12, 86%),
followed by the inguinal folds (8, 57%), and axillae (7, 50%). MRSA constituted 46% (82 of
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178) of the isolates recovered from the anterior nares, 24% (18 of 74) of the axillae isolates,
and 33% (28 of 84) of the inguinal folds isolates. Eight of 14 individuals were colonized
with S. aureus in multiple body niches: 5 were colonized in all three body niches, 2 were
colonized in the nares and inguinal folds, and 1 was colonized in the nares and axillae. The
remaining 6 individuals were colonized exclusively in one body site: 4 in the nares, 1 in the
axillae, and 1 in the inguinal folds.

Six (43%) participants exhibited phenotypic polyclonality within a single body niche. Two
of these participants (33%) exhibited polyclonality at all body niches in which S. aureuswas
recovered. The body niches most frequently colonized with multiple phenotypes were the
anterior nares and axillae (3 of 6 participants each, 50%), while 2 participants (33%) had
different phenotypes recovered from the inguinal folds. The most predominant phenotypes
were AA-R and EE-S; both were recovered from all three body sites. Phenotype FF-S was
only recovered from the inguinal folds while BB-R, CC-R, and DD-R were only recovered
from the anterior nares. The median number of colonies needed to be selected per plate to
detect all the phenotypic strain diversity within a body niche (by all 4 culture
methodologies) was 1.

Ten (71%) participants exhibited genotypic polyclonality within one body niche. Of these, 8
(80%) exhibited polyclonality in each body niche in which S. aureus was recovered. The
body niche most frequently colonized with multiple S. aureus genotypes was the axillae (5
of 7 participants, 71%) followed by the anterior nares (8 of 12 participants, 67%) and
inguinal folds (5 of 8 participants, 63%). Five repPCR strain types were recovered from all
three body sites (RS2, RS3, RS7, RS8, RS10), with RS7 being the predominant strain type
in all three sites. Strain types RS5, RS6, RS11, RS12 and RS13 were unique to the anterior
nares, RS1 and RS15 were unique to the axillae, and RS9 was unique to the inguinal folds.
The median number of colonies needed to be selected to detect all the genotypic strain
diversity within a body niche was 3 (by direct to BAP culture methodology), 2 (by broth
enrichment to BAP), and 1 (by both direct and broth enrichment to Spectra).

Selecting one colony from a sample derived from each of the three body niches within a
participant (anterior nares, axillae, and inguinal folds) recovered a majority of the genotypic
and phenotypic strain diversity. Nine of the 15 genotypes and 4 of the 6 phenotypes were
recovered. The remaining 6 genotypes and 2 phenotypes not recovered by selecting just one
colony from each body niche were each recovered only once in the study population.

Discussion

While S. aureus colonization is a symbiotic state for many individuals, for some, this
colonization poses risk for subsequent infection or transmission of the organism to others.4>
Given this risk, active surveillance is frequently conducted in healthcare settings to identify
carriers of MRSA and subsequently implement precautions to prevent transmission to other
patients. Given the varying burden of organism at various body niches, the sensitivity of the
culture method to detect colonized individuals is an important consideration. Several
investigators have demonstrated the advantage of broth enrichment in the recovery of S.
aureus. Mernelius et al, determined that the use of broth enrichment increased recovery of S.
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aureus isolates by 469%.18.19 |n the present study, participants were swabbed at 3 body sites
(anterior nares, axillae, and inguinal folds) and 4 culture methods were employed, including
broth enrichment, to detect S. aureus colonization. This study confirmed that inclusion of a
broth enrichment step increases the recovery of S. aureus isolates. The omission of broth
enrichment would have led to falsely negative cultures in 6 of 14 participants (43%), while
the omission of the direct plating culture method would not have led to any falsely negative
cultures for S. aureus recovery. An important consideration is the finding that, in the present
study, broth enrichment resulted in slightly decreased genotypic strain diversity than direct
plating to BAP, likely due to the propagation of a predominant clone which out-competes
other strains. Investigators should consider overall study goals when selecting optimization
of S. aureus strain type diversity vs. recovery. As expected, Spectra MRSA culture methods
yielded fewer colonies given the lower number of colonies chosen (5, rather than 10) and the
MRSA selectivity of Spectra MRSA.

Consistent with prior investigations, sampling multiple body niches in the present cohort
also increased the recovery of S. aureus isolates and strain diversity.46.2021 |n
community-based study of children presenting with S. aureus skin infections and their
household contacts, participants were swabbed in the anterior nares, axillae, and inguinal
folds to detect S. aureus colonization. Obtaining extra-nasal cultures resulted in
identification of 32% of S. aureus- colonized individuals, and specifically 41% of MRSA-
colonized individuals, who would not have been detected if only the anterior nares had been
sampled.® In the present study, had the anterior nares been the only body site sampled, S.
aureus colonization would not have been detected in 14% of individuals; 47% of isolates and
3 genotypes would not have been recovered.

The present study of community-dwelling participants also aimed to determine whether
multiple strain types of S. aureus colonize an individual and whether polyclonal colonization
exists within one body niche within an individual. Several prior studies have addressed this
question in populations either associated with a healthcare setting or considered
immunocompromised. Mongkolrattanothai and colleagues analyzed nasal and perianal
samples of children undergoing elective surgery for polyclonal colonization and found that
30% of positive S. aureus swabs contained multiple genotypic strains as determined by
multiple-locus variable-number tandem-repeat fingerprinting (MLVF).12 In a study of nasal
colonization in current and past intravenous drug users, Cespedes et al. employed pulsed-
field gel electrophoresis (PFGE) as well as multilocus sequence (MLST), S. aureus protein
A (spa), and accessory gene regulator (agr) typing to develop a mathematical prediction
model of polyclonality among colonized individuals. This model predicted 7% of S. aureus-
colonized individuals would carry more than one strain.19 Using genotypic and phenotypic
analysis, we determined that 71% of our study population was colonized with more than one
strain of S. aureus overall, and more specifically, within the same body niche. Of note,
polyclonality was consistent across body sites.

This study has several limitations. First, although our study population was limited, we
sampled multiple body sites and interrogated a large number of isolates with multiple culture
methods and strain characterization methods. Additionally, due to low colonization
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abundance for some subjects, the inability to consistently collect 10 colonies for analysis
from BAP and 5 colonies from Spectra MRSA precluded normalization of the results.

This study revealed the presence of S. aureus polyclonality within a single body niche.
Further, selection of culture method and sampling sites influenced the analytical sensitivity
of S. aureus colonization detection, as well as the robustness of genotypic and phenotypic
strain recovery. The analysis of co-colonizing strains may contribute to a better
understanding of horizontal gene transfer. Additionally, these analyses may inform the
mechanisms by which co-colonizing strains interact and influence the progression to or
protection from infection and disease states. Prospective studies following individuals with
polyclonal colonization will address these pertinent questions.
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Highlights
S. aureus polyclonality was assessed by phenotypic and genotypic methods.

Polyclonality existed within a single body niche in community-dwelling
individuals.

Inclusion of broth enrichment increased recovery of S. aureus isolates.

Sampling multiple body niches increased recovery and diversity of S. aureus
isolates.
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Culture Methods
1. Direct plating to blood agar plate (BAP)
2. Direct plating to Specira MRSA
3. Broth enrichment to BAP
4. Broth enrichment to Spectra MRSA Overnight

Incubation
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Figure 1.

Four separate culture methods were compared: 1) direct plating to blood agar plate (BAP),
2) direct plating to Spectra MRSA, 3) broth enrichment with subculture to BAP, and 4) broth

enrichment with subculture to Spectra MRSA.

J Infect. Author manuscript; available in PMC 2017 June 01.



Page 12

Muenks et al.

"JUe)SISal UIDAWEPUI|D PaIapISuod snyl pue aAiisod 1s81-Q pue a1q1dassns uldAwepul|d yloq sem aje|ost 8uo,
*Bunsal unixoyad Aq paloipaid m<Q
‘Alannoadsal ‘uljjiolyiaw 0} (S-) Aujigndaosns 1o (H-) aouelsISal S109]4a4 UOITRIILISSRIO Ule.ls 3y} 0} uoljeubisap S— 1o ¥— m.;._.mv

"3U110Je1430 PUE ‘pIj0Zaul] ‘auljakoelia) ‘uidweytl ‘sjozexoylaleyns-wiidoyawiL o) 8|qndadsns aiam sale|os! || 810N

a1eIpaWLIRIUI ‘181U ‘8]qndadsns ‘OSNS ‘JUEISISal ‘S8 SUONRIAIGQY

asns soy say asng S-d4
sns sns sns asng S-33
s9y say asng say d-aa
J8u| asng asng s9y d-00
osng 2sNg 2sNg say d-9g
asng say asng say y-vv

uexopyoadiy  uRAwoIYIAIg oc_u>Em_uC__O quUUIPIYIBIN m:‘_wﬁmab___n_uawomjmo_ao_n_ur_,Q

susaned Ajigndsoasns anoignue Ag uoneziis1deIRYI UIRIIS S178/ne Sn22020iAyde)s d1dAiouayd

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Infect. Author manuscript; available in PMC 2017 June 01.



Page 13

Muenks et al.

(oom) T q-vv (9%) T=U ‘ZTSY
€€ € (0om) T € d-vv (%) T=U ‘TTSY
(€2) 8 ©r (9v) 91 (82) 0T s-33 (%) ge=u ‘0TSYH
(oom) T €€ € $-33 (%) T=U ‘654
©r S-d4
(o1) ¥ (ve) €1 (91) 9 €(81) L ©r ®¢ s-33
©r Q)¢ 4-vv (9%) 8e=U ‘8SY
€ ()L @z $-33
€€ (z1) ST ¥-aa
€€ M 4-00
€€ @z )9 d-aq
(z1) 91 e@®TI @¢ (z1) 91 (z1) ST £(82) 9 d-vv (%) 0£T=U ‘/SY
(ooT) € s-33 (%) €=U '9SY
(0om) T € $-33 (%) T=u ‘sS4
€ (ve) 0T (69) LT $-33
03X+ VA (%) 62=U ‘¥SY
(et (ze) 6 (TN e (tn e (81) 8 (12) 9 s-33
(et d-vv (%) 8z=u ‘€SY
(e1) 8 9) ¥ @t (82) LT (02) zT (Te) 6T s-33 (9%) T9=U ‘zSY
€ (oom) T e e $-33 (%) T=u ‘1S4

Bunejd 10811 juswiyolua yloag  Bunejd10aaig  juswiyolua yloag  Bunejd 10aa1g  uswiydlus Ypoag  adAlousyd  adAy ureais Yoddeda

spjoy feuinfu ae||IXY SaJeN J0LIuY

POLIBW 81N}|Nd pUB aydIu Apoq AQ Pa3da||0d Saye|osl JO JaquinN

poylaw ain}na pue alis Apoq Ag uoneziiaoeleyd ures snaine snaaodoiAydels adAouayd pue s1dAiouss

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Infect. Author manuscript; available in PMC 2017 June 01.



Page 14

Muenks et al.

*ad A3 ures Yo ddal yoes uiyum sarejosi Jo uoniodold juasaidal sabejuadiad T a|geL ul paisi) ate suondiuosap adAiouayd 810N

dDd #ouanbas-annnadal ‘4D ddal suoneinsIgqy

€€ (oom) T € € s-33 (%) T=u ‘STSY
(09) € (v z s-33 (%) G=u ‘yTSY
¢(oom) T s-33 (%) T=u ‘€TSY

Buneld 10841 Juswiyomua yloag  HBunejd10aai@  juswiyomus yloag  Buneld 10aa1iq  juswiyolus yloag  adAjousyd  adAy ureais Yoddeada

spjo} feuinfu ae|[IXY SaJeN J0LIBIUY

POUIBW 81N3|Nd PUE 8ydIu Apoq AQ Pa1da]|0d Sa1e|os JO JaquunN

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

J Infect. Author manuscript; available in PMC 2017 June 01.



Page 15

Muenks et al.

'spoyiaW uolezialaeseyd uredis aidAousyd pue o1dAjousb Jo uoieulquiod ay) sjuasaidal Bmmemm,qm

a|qealjdde jou ‘eju :suoneINBIGQY

e/
/U
¥5°0
e/
790
9.0
¥€0
090
620
€80
/U
180
190
090

/U
/U
e/
/U

€€0

620
/U

090
e/

Ly'0
/U

€Yo

150

e/

®» N~ = 00 M N N 1O 1O «+H N A

©

/U
/U
580
/U
650
9.0
€0
090
6¢°0
TL°0
/U
8L°0
(0)40]
090

<t M 4 N 4 N +H N M A H

-

n © «G ©O© ™M N N 1O M G N A

9

» X Jd4 = Z

n O QO W uw o I

v

Xapul A10JeulWwLIoSI  SUIRAIS 10UNSIQ #  X8pul A1oyeulwiiosiq

suledIs unsSIg #  Xapul Aloyeulwniosiq  surensounsig# - @l vedionaed

ptebaibby

a1dAlousyd

a1dAlous

poyIell UonezIIaloeleyd urens

Author Manuscript

syuedionued ulyIm spoylaw UoIezIis)deIeyd urens Jo sadipul Alojeuiwnasiq

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Infect. Author manuscript; available in PMC 2017 June 01.



Page 16

Muenks et al.

"WSHIA JO ImouB 8y} 104 8A108|8S SI YSHIN Qowﬁ_mm

are|d Jebe poo|q ‘g sra.ne S URISISAI-UI[|IDIYIsW “YSHIA :SUONRIAIGQY

(%¢8) T (%e1) 1T (%52) T (%v1) T (%08) ¥ (%¢8) ¥ pVSHIN B393dS 01 UaLILLILS LpoIg
(%001) € (%00T1) 8 (%s2) € (%00T) £ (%S2) 9 (%001) 21 dv'g 0} JusIydHUD Yjolg
(0619 (%52) 2 B/U BU (9%8¢) € (%52) € pVSHIN E1193ds 01 Buneid 1ang
(%00T1) € (%€9) § (%s2) T (%29) ¥ (%eT) T (%ey) § dvg 01 funeld 108110

(%) €=U AlUO WVSHIN (%) g=usmeine S [IV (%) y=U AlU0O VSHIN (%) Z=usmeine S |IV (%) 8=U AJu0 VSHIN (%) ZT=usneine S ||V

spjo4 [euinbuj 9e|[IXY SaleN JoLIBIuY

ayaIu Apoq & UIYIIM SPOYIaW 91njn3 UJaylp Aq snaine snao020jAyde)s Bulianodal 10y AlIARISUSS [eanAjeuy

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Infect. Author manuscript; available in PMC 2017 June 01.



Page 17

Muenks et al.

"paJanodal sadA) uress Jo Jsguinu
winWixXew pue wnwiuiw ay) syussaidai abuey a11s Apoq yoes Je poyaw ainynd Aq sadAy urens ardAlouayd pue a1dAlouab Jo Jaquinu (sbuel) uelpaw pue Uesw ay) se pajuasaidal eleq "sainljna aejjixe wolj WYSHIA enoads 01 Buireid 10a11p Buisn palanodal sa1e|osl OU — /U ;310N

SNaine *S WeISISaI-Ul|191y1aW “YSH ‘a1ejd Jebe poolq ‘dv'g :SuoneinsIqqy

(-0t ot (@101 0T (-DoT oT (@T10T 0T (NDoT €T (e1noz 6T (@Dor 2T (Dot +¥T (@DoT €T (eT0z 6T  splod[eunbul

(-ot o1 (-1)0T 0T e/u e/u e/u eu  (zmoez 21t (1ot 91 (@Uor €1 (¢2oz ¢€¢ (@UVor v1  (FT0T 0C Je||IXy
(1ot ¢1 (N0t 0T (@DoTr ot (ot €T (nor €1 (e1ST 8T (10T ¢vT (F2oz 9z TOT 9T (9-T)0C 8T  SaleN Jousuy
(emnot ¢t (10T 0T (TMoT oT (@UoT €T WGTWOT §T (FNoz €z (€E1VOoT €T WNoz Tz WUDoT LT (TS TE seus ||V
(ebuey) uesyy  (ebuey) uesyy  (eBuey) uesyy  (8Buey) uesyy  (Buey) uesyy  (BBuey) uespy  (BbBuey) uesiN  (Bbuey) uesiN  (9buey) uesiN  (sbBuey)  ues|A salls
uelpsN uelpsiN ueips|iN uelpsN uelpsiN uelpsiN uelpan uelpsN uelpsiN ueipsiN

aidAjousyd a1dAjous aidAjousydq a1dAjous aidAiouayd a1dAjous aidAjousyd a1dAjous a1dAjouayd a1dAjous
VSHIN B4199dS 01 JUBWIYDIIUL Yloag VSHIA e4103ds 03 Buireld 108410 dvd 01 Juswiydlius yloag dvg 01 bune|d 10811Qq 1iE3ENYe)

SAOHL13AN

aydIu Apogq pue spoylaw ainna Ag AlISIaAIp ulens

G 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Infect. Author manuscript; available in PMC 2017 June 01.



	Summary
	Introduction
	Methods
	Participant Selection
	Laboratory Procedures
	Culture methods
	Phenotypic analysis
	Genotypic analysis

	Statistical Analysis

	Results
	Strain Diversity by Culture Method
	Strain Diversity within Individuals
	Strain Diversity by Body Niche

	Discussion
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

