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Background. Previous studies have demonstrated an association between antibiotic use and the development of
skin abscesses. We tested the hypothesis that alterations in the composition of the cutaneous microbiota may pre-
dispose individuals to skin abscesses.

Methods. We studied 25 patients with skin abscesses and 25 age-matched controls, who each completed a ques-
tionnaire. Skin swab samples were obtained for DNA analysis from 4 sites around the abscess site (hereafter, “peri-
abscess specimens”) and from similar sites on the patient’s contralateral side and on healthy control subjects. DNA
was extracted and analyzed by quantitative polymerase chain reaction (qPCR) and high-throughput sequencing. The
purulent abscess drainage was sent for culture.

Results. Fifteen patients with abscess were infected with Staphylococcus aureus.Use of nuc qPCR to quantitate S.
aureus revealed a significantly greater frequency of positive results for peri-abscess and contralateral skin samples,
compared with control skin specimens. Analysis of community structure showed greater heterogeneity in the control
samples than in the peri-abscess and contralateral samples. Metagenomic analysis detected significantly more pre-
dicted genes related to metabolic activity in the peri-abscess specimens than in the control samples.

Conclusions. The peri-abscess microbiome was similar to the contralateral microbiome, but both microbiomes
differed from that for control patients. Host characteristics affecting microbial populations might be important de-
terminants of abscess risk.
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Patients commonly present to emergency departments
with skin abscesses, and the incidence appears to be
increasing [1]. While many factors contribute to the
development of infection with community-acquired
methicillin-resistant Staphylococcus aureus (MRSA),
such as participation in contact sports, incarceration,
injection drug use, and, for men, having sex with men,
the strongest risk factors are having a household contact
with MRSA infection and having a history of recent an-
tibiotic use [2]. Systemic antibiotics, as well as topical
agents, including antibacterial soaps and cleansers,

can suppress or eliminate normal skin bacteria [3];
antibiotic use may alter the indigenous microbiota for
several weeks or longer [3]. Among patients presenting
to the emergency department with skin abscesses due to
MRSA, antibiotic use within the prior month has been
associated with an increased risk [2].

The composition of the normal cutaneous microbio-
ta is complex; analysis of skin bacteria indicates multi-
ple species, with particular compositions depending on
body site [4–10]. The skin microbiome can be divided
into dry, moist, and sebaceous sites [6]. As at other
sites, the residential bacteria may play a role in defenses
against pathogenic bacteria [3]. Our hypothesis is that
the perturbation of the normal protective bacterial pop-
ulation predisposes individuals to contracting MRSA
and developing skin abscesses. We tested this hypothe-
sis by comparing the microbiota in patients with skin
abscesses to the microbiota in control patients without
abscesses. We hypothesized that, compared with con-
trols, individuals who developed skin abscesses would

Received 8 September 2014; accepted 19 December 2014; electronically pub-
lished 12 January 2015.

aJ. M. H. and Z. G. contributed equally to this work.
Correspondence: Martin J. Blaser, MD, New York University Langone Medical

Center, New York, NY 10016 (martin.blaser@nyumc.org).

The Journal of Infectious Diseases® 2015;211:1895–904
© The Author 2015. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.
DOI: 10.1093/infdis/jiv003

The Cutaneous Microbiome in Outpatients • JID 2015:211 (15 June) • 1895

mailto:martin.blaser@nyumc.org
mailto:journals.permissions@oup.com


have an abnormal microbiota, either at sites adjacent to the ab-
scess, indicating a local diathesis, or more distantly, consistent
with a more generally perturbed microbiota.

METHODS

Patients Studied
We examined the cutaneous microbiota from 25 adult patients
(age, ≥18 years) with skin abscesses and compared those results
with the microbiota present in 25 age-matched controls. Our
study population consisted of patients who presented with a skin
abscess to the emergency department at Carolinas Medical
Center between 9 July 2009 and 18 December 2011. Age-
matched (±5 years) controls from the same population were
recruited to provide samples from the same body site as for
the patient with the abscess to whom they were matched. All
patients provided written informed consent, and the protocol
was approved by the Carolinas Medical Center institutional re-
view board (protocol 06-09-04A). A questionnaire about risk
factors for abscesses included recent prior use of antibiotics and
antibacterial soaps. Patients were included in the study if the
abscess was sufficiently large to be drained and for purulent
material to be sent to the microbiology laboratory for culture.

Patients were excluded from the study if they had abscesses of
the face near the eyes, nose, mouth, or ears where specimens
could not be obtained, or if they had diabetes or renal failure,
immunosuppressive illnesses, including human immuno-
deficiency virus infection (with or without AIDS), cancer, or
congenital immunosuppressive illnesses; had preexisting der-
matologic conditions, including eczema or chronic blistering;
had used any immunosuppressive medications (eg, prednisone
and chemotherapy) within the prior month; had used chlorhex-
idine (a skin cleanser) in the prior 14 days; or had had the ab-
scess site cleaned with antiseptic solution, including Betadine,
chlorhexidine, or alcohol, in the emergency department. Pa-
tients were also excluded if the abscess was drained before the
peri-abscess skin samples (ie, samples obtained from the skin
around the abscess site) could be obtained. Patients in the con-
trol group were subject to the same exclusion criteria but also
were excluded if they had a history of MRSA skin abscess.

Specimen Collection
The study evaluated swab specimens collected from the peri-
abscess site, from the identical but unaffected contralateral
site, and from the same site in the unaffected matched control
subject. Skin swab samples were obtained at each of the 4 car-
dinal points of the compass 3 cm from the abscess and from the
equivalent control (ie, contralateral and matched control) sites.
Skin samples were obtained for microbial analysis by stroking
the skin for 60 seconds with a cotton-tipped swab soaked in a
solution of normal saline and Tween 20, as described elsewhere
[11]; 2 samples were obtained at each site. The head of the swab

was cut from the handle, and swabs were centrifuged for 5 min-
utes at 6700 ×g. The supernatants were stored at −80°C. The
purulent drainage from the abscess, which was lanced and
drained after peri-abscess skin specimen collection in all
cases, was cultured by standard methods in the Carolinas Med-
ical Center clinical microbiology laboratory.

Analysis of S. aureus Isolates From the Abscesses
PCR was used to screen for Panton-Valentine leukocidin (PVL;
lukF-PV and lukS-PV) and arginine catabolic mobile element
(ACME) and to determine staphylococcal cassette chromo-
somal mec (SCCmec) types, as described previously [12–14].
All strains were spa typed [15]. Clonal complexes (CCs) were
assigned on the basis of the spa-typing results, using the multi-
locus sequence typing mapping database (http://spa.ridom.de/
mlst).

Swab Sample Processing
DNA was extracted from the swab suspensions, using the
MoBio PowerLyzer Power Soil DNA Isolation Kit (MoBio Lab-
oratories, Carlsbad, California), according to the manufacturer’s
protocol. Samples then were divided into aliquots for quantita-
tive polymerase chain reaction (qPCR) analysis and Illumina
sequencing with MiSeq.

qPCR Analysis
Sets of primers and TaqMan MGB probes were developed on
the basis of the universal bacterial and Staphylococcus species
16S ribosomal RNA (rRNA) genes [11], S. aureus nuc [16],
and mecA of MRSA (forward primer, 5′-CAATACAATCGCA-
CATACATTA [designed for this study]; reverse primer, 5′-
CATACATAAATGGATAGACGTC [designed for this study];
and probe, 5′-AACAGGTGAATTATTAGCAC). Standards for
the qPCR assays were amplified from S. aureus USA300 strain
SA11–41, using specific primers for each of the above genes.
qPCRs were performed as follows: 0.5 µM forward and reverse
primers, 0.1 µM hydrolysis probe, 10 µL of Light Cycler 480
Probes Master (Roche Applied Sciences), and 1 μL of extracted
DNA in a final 20-μL volume. The assays were performed using
the LightCycler 480 II PCR system (Roche Applied Sciences),
each assay was run in duplicate, and the results were analyzed
using the LightCycler480 II program.

High-Throughput Sequencing
For each extracted DNA sample, the V4 region of the bacterial
16S rRNA gene was amplified in triplicate reactions, using pri-
mer set 515F/806R, which nearly universally amplifies bacterial
and archaeal 16S rRNA genes [17, 18]. PCR reactions contained
11 μL of molecular biology–grade water (Corning Cellgro), 10
μL of 5-PRIMEHotMasterMix (5-PRIME), 1.0 μL of each of the
forward and reverse primers (5 μM final concentration for
each), and 2.0 μL of genomic DNA. Reactions were held at
94°C for 3 minutes to denature the DNA; run for 35 amplification
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cycles at 94°C for 45 seconds, 50°C for 60 seconds, and then 72°
C for 90 seconds; and completed with a final extension step of
10 minutes at 72°C. Amplicons from each sample were quanti-
fied using the Quant-iT PicoGreen dsDNA Assay Kit (Thermo-
Fischer Scientific, Waltham, Massachusetts); equal amounts of
DNA from each sample were then pooled, followed by PCR
purification (Qiagen, Germantown, Maryland). DNA concen-
trations in these subpools were quantified with the Qubit
high-sensitivity dsDNA Assay (ThermoFischer Scientific) and
combined at equal concentration. The Illumina MiSeq platform
was used for DNA sequencing, in the NYULMC Genome Tech-
nology Center, spiking with 40% PhiX DNA to increase se-
quence diversity. The sequencing was performed in 3 separate
reads: (1) 151-base pair forward read, (2) 12-base pair barcode
read, and (3) 151-base pair reverse read. Only reads that passed
the Illumina quality filter were used for downstream analysis.

Data Analysis
Sequence data were processed with QIIME v1.7.0 [19], as de-
scribed elsewhere [20]. Briefly, sequences were demultiplexed
and quality filtered, using default QIIME parameters, and clus-
tered into operational taxonomic units (OTUs) with a sequence
similarity threshold of 97%, with UCLUST [21]. 16S rRNA
OTUs were picked using an open-reference OTU protocol
with the following parameters: –max_accepts 1 –max_rejects
8 –stepwords 8 –word_length 8. The sequence reads were clus-
tered using the Greengenes 97% reference data set (http://
greengenes.secondgenome.com; May 2013 release) [22, 23].
Of the 1.98 million Illumina reads from the V4 region of bacte-
rial 16S rRNA genes that passed the QIIME quality filters, 92%
matched a reference sequence at ≥97% nucleotide sequence
identity, and those failing to match were discarded. Taxonomy
was assigned to the retained clusters (OTUs) on the basis of
the Greengenes reference sequence, and the Greengenes phy-
logeny was used for all downstream community comparisons.
With pooling of the reads of the 4 samples from each site, the
number of sequences per subject ranged from 6166 to 89 978
(mean, 24 292 sequences per sample). To avoid biases caused
by differences in sample sequencing depth, analyses were con-
ducted on data rarefied to 6000 sequences per sample.

Linear discriminant analysis (LDA) effect size [24] was used
via the Galaxy Browser to detect significant changes in the rel-
ative abundance of microbial taxa among the different groups.
To reduce the number of features, analysis was limited to taxa
with a relative abundance ≥0.1% in any sample. Significance
thresholds were performed at the default settings [24]. Metage-
nomic content of the microbiota samples was predicted from
the 16S rRNA profiles, and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway functions were categorized at
level 3, using the Phylogenetic Investigation of Communities
by Reconstruction of Unobserved States (PICRUSt) tool [25].

Statistical Analysis
Significance was determined using the Student t test, Mann–
WhitneyU test, 1-way analysis of variance (ANOVA), Friedman
test, and χ2 test, depending on the data type. Differences with a
P value of <.05 were noted as statistically significant. Demogra-
phic data were analyzed by means of techniques designed for
matched case/control studies, using χ2 analysis and the Fisher
exact test.

RESULTS

Demographic Characteristics
The demographic characteristics of the 25 patients with skin ab-
scesses were generally similar to those of the 25 age-matched
controls (Table 1). Most significantly, 56% of the patients with
abscess had a past history of abscess, compared with only 1 con-
trol (P < .001). The frequency of antibiotic use in the prior 3
months trended toward being significantly greater among pa-
tients with abscesses (P = .067). The frequency of antimicrobial
soap use was high in both groups.

Role of S. aureus
Of the 25 patients with abscesses, 15 were positive for S. aureus,
and 10 were positive for other pathogens (Figure 1). Of the pa-
tients with S. aureus infections, 11 had cultures positive for

Table 1. Demographic and Clinical Characteristics of 25 Patients
With Abscesses and 25 Matched Control Subjects

Characteristic Patients Controls P Value

Age, y, mean 34.8 35.3 .91

Female sex 48 52 >.99

Ethnicity
Black 72 68 >.99

White 24 28

Hispanic 4 4
Antibiotic use in past 3 mo 32 12 .067

Antimicrobial soap use 64 68 .77

Household contact with MRSA 16 12 >.99
Incarceration past 3 y 16 40 .11

History of abscess 56 4 .0001

Hospitalization in past 3 mo 4 4 >.99
Chief complaint

Abscess 100 . . .

Trauma/laceration 28
Abdominal pain 16

Hypertension 8

Dyspnea/cough 12
Dental problem 8

Vaginitis/urinary tract infection 16

Other 12

Data are % of subjects, unless otherwise indicated.

Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.
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MRSA, and 2 had no cultures obtained but were positive for
S. aureus by PCR in the nuc and mecA analyses. We combined
these groups for MRSA analysis; thus, 13 subjects were MRSA
positive. Two of the 15 patients had methicillin-susceptible S. au-
reus, rather than MRSA. Of the patients with other pathogens, 3
cultures grew coagulase-negative Staphylococcus species, 2 grew
mixed flora, 1 had no growth, and 1 each grew Enterococcus spe-
cies, Proteus species, Streptococcus agalactiae, and Corynebacteri-
um species. Abscesses occurred in all 3 (dry, moist, and sebaceous)
cutaneous zones (Supplementary Table 1). In the dry areas, S. au-
reus caused 83% of the abscesses, compared with 38% in the moist
or sebaceous areas (P = .04, by the Fisher exact test).

All 10 MRSA strains analyzed were pandemic sequence type
8/pulsed-field gel electrophoresis type USA300, as determined
by conventional genotyping (spa type, SCCmec element subtype,
presence of PVL, and ACME). Semiquantitative comparison of
hemolytic toxin levels revealed that all 10 strains were indistin-
guishable from one another and from prototype USA300 clones,
such as strain LAC. Thus, selection for mutants with altered vir-
ulence was not present in the strains identified in this study.

Results of nuc qPCR for quantitation of S. aureus were pos-
itive significantly more often among both the peri-abscess and
contralateral skin samples, compared with the control samples
(Figure 2A and Table 2). qPCR detected mecA-positive bacteria
more commonly in both the peri-abscess and contralateral skin
samples than in control samples, using a low (>0.2 log10 copies)
threshold for detection (P = not significant; Table 3). However,
samples with higher mecA gene levels (≥0.5 log10 copies) were
more common in both the peri-abscess and contralateral sites
than in control samples. Positivity for mecA in control patients
in the absence of detecting nuc suggests the presence of meth-
icillin-resistant staphylococcal species other than S. aureus (Fig-
ure 2A). The presence of S. aureus in abscesses was associated
with significant differences between the peri-abscess and

control samples in measures of both nuc and mecA status, con-
firming the usefulness of these assays (Figure 2B). Each PCR
assay is a separate analysis, and PCR varies in efficiency when
different primers are used and expected amplicon sizes vary. For
the Staphylococcus species PCR, the amplicon size is about 270
bp, and for the total 16S PCR, the amplicon size is about 370 bp.
Therefore, the absolute numbers of amplicons detected are not
directly comparable.

Microbiota Characteristics and Relatedness of the Samples
As defined above, the minimal sequence depth used was 6166
(mean, 24 292), which permits a rich analysis of colonizing
taxa; depth was not significantly different between the 3 groups
of specimens studied (P = .32; data not shown). Analysis of com-
munity structure (β-diversity) showed no pattern of clustering ac-
cording to specimen type; however, mean pairwise distances in
the unweighted Unifrac analysis were significantly greater in
the control samples than in the peri-abscess and contralateral
samples (Figure 3). The findings indicate that the populations
of cutaneous microbiota present in the control samples were
more distinct from one another than those present in the peri-
abscess and contralateral samples. The intergroup distances
between the contralateral and peri-abscess samples were signifi-
cantly smaller than those between either sample type and the
control samples, indicating higher similarity among microbiota
between samples from the affected subject. There was a decreas-
ing trend in α-diversity from control to contralateral to peri-
abscess samples, but differences were not significant between
groups in any index, as determined by 1-way ANOVA with the
Tukey correction for multiple comparisons (data not shown).

By neighbor-joining analysis, 18 of 25 subjects (72%) had mi-
crobiota from the peri-abscess and contralateral samples on the
same branch (Figure 4A); in that analysis, one cluster each was
predominantly from moist skin, from dry skin, or from a mix-
ture of the 3 skin types.

Of 2800 OTUs represented in the samples, 1929 were present
in all 3 groups (data not shown). Analysis of the major phyla
showed no obvious patterns differentiating the samples accord-
ing to specimen type (peri-abscess, contralateral, and control;
Supplementary Figure 1A). However, within the S. aureus-
positive group, a significantly greater percentage of sequences
in the control samples was from the genus Brevibacillus, com-
pared with the contralateral samples (P = .03), Within the
S. aureus-negative group, the percentage of sequences from the
genus Lactococcus was significantly higher in the control spec-
imens, compared with the contralateral specimens (P = .02;
Supplementary Figure 1B). Skin samples exposed to the outside
world often have plant bacterial sequences present [26]. For 66 of
75 cutaneous samples in our study, sequences representative of
the order Streptophyta were present (range, 3–2784 sequences/
subject; mean± SD, 158 ± 446), generally at low levels, reflecting
such exposure.

Figure 1. Study design and bacteriologic characteristics of the study
subjects. Abbreviations: MRSA, methicillin-resistant Staphylococcus aure-
us; MSSA, methicillin-susceptible Staphylococcus aureus.
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Figure 2. Comparison of quantitative polymerase chain reaction (qPCR) positivity in cutaneous samples from 50 study subjects. A, Mean log10 copies
(±standard error of the mean [SEM]) for each gene obtained by qPCR assays for the 4 samples per site in 25 patients (2 sampled sites each) and 25 controls
(1 sampled site each). Green denotes specimens from matched control subjects (C), blue denotes contralateral specimens from patients (AC), and red
denotes peri-abscess specimens from patients (A). Significance was determined by 1-way analysis of variance with the Tukey analysis for multiple com-
parisons. Significant differences were found between all 3 comparisons for nuc and mecA, except for A vs AC for nuc. *P < .05, **P < .01, ***P < .001, and
****P < .0001. B, Enumeration of 4 qPCR comparisons in the samples from patients and controls, based on the S. aureus status of the abscess. Mean log10
copies (±SEM) for each indicator gene obtained by qPCR assays; total bacterial and Staphylococcus populations were determined by detection of 16S
ribosomal RNA, the presence of S. aureus was determined on the basis of nuc detection, and methicillin-resistant Staphylococcus aureus was determined
on the basis of mecA detection. The colors of the 3 groups of samples are defined as described in panel A. Significant differences were found between C
and A for S. aureus (P = .0003) and for mecA (P = .041) in the samples from the S. aureus–positive groups, using the Friedman method with the Dunn
multiple comparisons adjustment. Significant differences were also obtained according to S. aureus status for nuc (P < .0001) and mecA (P = .046) in
the peri-abscess samples and for nuc (P = .025) in the contralateral samples, by the Mann–Whitney U test.
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Using LEfSE to detect taxa with differential abundance com-
paring samples from S. aureus–positive patients and matched
controls, we found 9 microbial taxa at different levels among the
3 groups of specimens; 4 of 5 differentially abundant taxa from
controls belonged to the class Clostridiales (Supplementary Fig-
ure 2A). Similarly, differences were noted in 13 taxa between the
S. aureus–positive and S. aureus–negative samples (Supplemen-
tary Figure 2B). Comparison of samples from patients who re-
ceived antibiotics in the prior 3 months to those from patients
who did not, 13 taxa also were significantly different (Supple-
mentary Figure 2C); the patients who used antibiotics showed
enrichment of Actinobacteria, as well as Erysipelotrichaceae
(from order to family).

Metagenomic Analyses
To identify microbiome functions that might be characteristic
of the samples from the subjects studied, PICRUSt was used
with the Greengenes OTU database to derive information on
the relative abundance of KEGG pathways, generating meta-
genomic data. Among the most abundant pathways (≥1%) pre-
sent in the 3 types of specimens, only 4 KEGG gene pathways
related to genetic information processing and metabolic activity
were significantly more abundant in the peri-abscess specimens
than in control specimens (data not shown). Analysis of paired
peri-abscess and control specimens obtained from the same
subjects (Supplementary Figure 2D) showed that 11 of 13
genes (85%) with increased abundance belonged to the genetic

Table 3. Frequency of Methicillin-Resistant Staphylococcus aureus mecA Detection by Quantitative Polymerase Chain Reaction in Skin
Samples From 25 Patients With Abscesses and 25 Matched Controls, by mecA Load

No. of Positive Sites

>Log10 0.2 Copies/µL ≥Log10 0.5 Copies/µL ≥Log10 1.0 Copies/µL

Controls

Patients

Controls

Patients

Controls

Patients

AC A AC A AC A

4 5 8 10 3 8 8 2 5 5

3 5 4 0 2 4 2 1 4 4

2 3 2 5 3 2 4 3 4 3
1 3 3 2 6 1 2 2 2 0

Total

Subjects 16 17 17 14 15 16 8 15a 12
Sites 44 51 52 30 49b 48b 19 42c 38b

Abbreviations: A, samples from peri-abscess sites; AC, samples from the identical but unaffected contralateral sites.
a P < .05 vs control, by χ2 analysis.
b P < .01 vs control, by χ2 analysis.
c P < .001 vs control, by χ2 analysis.

Table 2. Frequency of Staphylococcus aureus nuc Detection by Quantitative Polymerase Chain Reaction in Skin Samples From 25
Patients With Abscesses and 25 Matched Controls, by nuc Load

No. of Positive Sites

>Log10 0.2 Copies/µL ≥Log10 0.5 Copies/µL ≥Log10 1.0 Copies/µL

Controls

Patients

Controls

Patients

Controls

Patients

AC A AC A AC A

4 1 8 11 0 2 8 0 2 6

3 2 1 2 0 3 3 0 1 2
2 7 3 2 1 3 0 0 3 3

1 8 8 5 1 2 2 1 2 1

Total
Subjects 18 20 20 2 10a 13b 1 8a 12c

Sites 32 49a 59c 3 25d 43d 1 19d 37d

Abbreviations: A, samples from peri-abscess sites; AC, samples from the identical but unaffected contralateral sites.
a P < .05 vs control, by χ2 analysis.
b P < .01 vs control, by χ2 analysis.
c P < .001 vs control, by χ2 analysis.
d P < .0001 vs control, by χ2 analysis.
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information processing functional category. In contrast, no
functional gene pathways in control specimens were from this
category. S. aureus positivity among patients was associated
with significant differences, particularly in the metabolic func-
tional category (data not shown). Similarly, recent antibiotic ex-
posure was associated with significant differences in 18 genetic
categories, mostly related to metabolism (Figure 4B).

DISCUSSION

Although the majority of skin abscesses were found to be due to
S. aureus, 40% were due to other pathogens, a finding consistent
with other studies of patients with skin abscesses presenting to

emergency departments [1]. Research on skin and soft tissue in-
fections is hindered by difficulties in obtaining reliable microbi-
ology data, but we provided evidence that analysis of skin swab
samples can identify S. aureus as a causative agent, even without
lancing the abscess. Future studies should clarify whether this
technique can be used to identify other pathogens that cause
purulent skin infections. Differentiating purulent from nonpur-
ulent skin infections also can be difficult [1]. While ultrasonog-
raphy may be useful, future studies should clarify whether
molecular analysis of adjacent skin for S. aureus or other path-
ogens can provide additional clinical guidance.

We demonstrated that S. aureus abscesses correlated with
high concentrations of S. aureus not only in peri-abscess

Figure 3. β-diversity for 75 cutaneous samples, based on the sample site (for patients, specimens from the peri-abscess region [A] and contralateral
region [AC]; for controls, specimens from the site complementary to the abscess location on the matched patient [C]). A, Clustering of study subjects by
Staphylococcus aureus status, using principal coordinates analysis based on unweighted Unifrac distances. The 75 samples from 50 subjects were divided
into 3 groups on the basis of sampled sited (A, AC, and C). Red denotes S. aureus positivity (n = 15 for each group), and green denotes S. aureus negativity
(n = 10 for each group). By Adonis testing, P > .05 based on the S. aureus status, in all three groups. B, Intergroup and intragroup β-diversity. Mean pairwise
unweighted Unifrac distances (±standard error of the mean [SEM]) are shown. Significance was determined by 1-way ANOVA with the Tukey method for
correction for multiple comparisons. **P < .01, ***P < .001, and ****P < .0001 for differences in unweighted Unifrac distances. No significant differences
were observed between the groups in the weighted pairwise comparisons.
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Figure 4. Clustered displays of taxonomic and functional data from 50 subjects. A, Unweighted pair group method with arithmetic mean cluster of the 75
samples from the 50 subjects, based on the unweighted Unifrac distance matrix with Jackknife analysis. The samples from the same microenvironment type are
indicated by the same color, as follows: dry sites, red (n = 36); moist sites, green (n = 30); and sebaceous sites, blue (n = 9). The boxed samples are from the same
subject. The 3 clusters are shown with bold numbers. In cluster 1, 20 of 27 samples (74%) are from moist skin. In cluster 3, 13 of 18 samples (72%) are from dry
skin. Cluster 2 is a mixture of the 3 skin types. Jackknife support fractions of ≥0.5 are shown. B, Phylogenetic Investigation of Communities by Reconstruction of
Unobserved States–predicted metagenome with significant differences in relative abundance. Samples are from patients with abscesses who did (n = 8; red) or
did not (n = 17; green) receive antibiotics, and functional gene pathways categories with linear discriminant analysis scores of≥2 are shown. Five of 9 functional
gene pathways (56%) in both groups are constituents of the metabolism category. The red box indicates gene pathways with significant abundance in the
patients with a history of relatively recent antibiotic use; the green box indicates significant abundance in the patients without recent antibiotic use history.
*P < .05 for gene pathway categories that are significantly different after false-discovery rate correction. Abbreviation: SD, standard deviation.
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specimens but also in contralateral skin specimens. Finding
high levels of S. aureus, including MRSA, on the contralateral
side suggests a general diathesis for S. aureus. An alternative ex-
planation is that the high contralateral concentrations represent
a form of spillover from the abscess. However, since the samples
were collected before the abscess was drained, iatrogenic con-
tamination is unlikely.

The type of cutaneous microenvironment (dry, moist, or seba-
ceous) is an important factor in the composition of the local mi-
crobiota [6, 8]. Although we found a significant trend toward
MRSA occurring more often in dry skin areas, further studies are
needed. For wounds occurring in the moist and sebaceous areas,
pathogens can differ from those in dry areas [27]. We found that
the taxa present in the peri-abscess specimens and the contralat-
eral (ie, unaffected) specimens are more similar to one another
than to those in unaffected control specimens. This finding con-
firms the intrapersonal conservation of taxa present when control-
ling for site [4] and highlights the interpersonal differences within
which microbial pathogenesis must be understood.

Although no large-scale patterns were observed between per-
sons with and those without MRSA infection, there were differ-
ences in the skin microbiota identified by LEfSE analysis. For
example, samples from subjects with recent antibiotic use showed
enrichment of gram-negative bacteria (Comamonadaceae, a fam-
ily of the Betaproteobacteria). PICRUSt analysis [25] revealed
that the collective peri-abscess microbes and those on the contra-
lateral side had gene representation signatures consistent with
higher metabolic activity, particularly associated with genetic in-
formation processing, than signatures for microbes from control
specimens. One explanation is that the abscess environment
selects for neighboring organisms that are enriched in these path-
ways, but the increased representation in the unaffected (contra-
lateral) side is evidence against that possibility. Alternatively, the
altered metagenome per se is a diathesis for abscess formation or
is a biomarker for such diathesis. Independent confirmation of
these findings will be needed.

The study is limited by the relatively small sample size, by our
a priori restriction of enrollment to patients without underlying
diseases, and by a lack of analysis of the microbiome present at
other sites, such as the nares. Thus, future analyses of patients
with cutaneous abscesses should include sampling of the micro-
biota of the nares, inguinal region, and fingertips in affected pa-
tients (and controls), as well as in patients with diabetes, who
have enhanced abscess risk, which will enable better testing of
hypotheses relating to causal inferences.

In conclusion, we found that the peri-abscess and contralat-
eral microbiota were similar in taxonomic composition and
gene representation but that these characteristics differed
from those of microbiota from control specimens. These find-
ings suggest that general microbiota-host interactions might be
important determinants of cutaneous abscess risk. We plan to
extend and broaden these studies.
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