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Recurrent Furunculosis Caused
by a Community-Acquired Staphylococcus aureus

Strain Belonging to the USA300 Clone

Shirish Balachandra,1,* Maria Pardos de la Gandara,2,* Scott Salvato,1 Tracie Urban,1 Claude Parola,1

Chamanara Khalida,3 Rhonda G. Kost,4 Teresa H. Evering,4 Mina Pastagia,4 Brianna M. D’Orazio,3

Alexander Tomasz,2 Herminia de Lencastre,2,5 and Jonathan N. Tobin3,4

Background: A 24-year-old female with recurrent skin and soft tissue infections (SSTI) was enrolled as part of
a multicenter observational cohort study conducted by a practice-based research network (PBRN) on com-
munity-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA). Methods: Strains were character-
ized by pulsed-field gel electrophoresis (PFGE), spa typing, and multilocus sequence typing. MRSA strains
were analyzed for SCCmec type and the presence of the Panton-Valentine leukocidin (PVL) and arginine
catabolic mobile element (ACME) using PCR. Results: In the first episode, S. aureus was recovered from the
wound and inguinal folds; in the second, S. aureus was recovered from a lower abdomen furuncle, inguinal
folds, and patellar fold. Molecular typing identified CA-MRSA clone USA300 in all samples as spa-type t008,
ST8, SCCmecIVa, and a typical PFGE pattern. The strain carried virulence genes pvl and ACME type I. Five
SSTI episodes were documented despite successful resolution by antibiotic treatment, with and without incision
and drainage. Conclusions: The source of the USA300 strain remains unknown. The isolate may represent a
persistent strain capable of surviving extensive antibiotic pressure or a persistent environmental reservoir may
be the source, possibly in the patient’s household, from which bacteria were repeatedly introduced into the skin
flora with subsequent infections.

Introduction

The Rockefeller University Center for Clinical and
Translational Science (RU-CCTS), and the Laboratory

of Microbiology and Infectious Diseases, Clinical Directors
Network (CDN; www.CDNetwork.org)—a practice-based
research network (PBRN)—and six Community Health Centers
(CHCs) across the New York metropolitan area have conducted
a collaborative community-engaged observational cohort
study, the Community-Acquired MRSA Project (CAMP), to
investigate the prevalence, treatment patterns, clinical out-
comes, and molecular epidemiology of community-acquired
methicillin-resistant Staphylococcus aureus (CA-MRSA)
among patients presenting to CHCs with skin and soft tissue
infections (SSTIs). The following case report describes an
unexpected and complex presentation from this series of 129
patients.

Case Report

In this study, we describe the case of a 24-year-old female
who presented to the Walk-In/Urgent Care department of
Urban Health Plan (Fig. 1) with folliculitis of both but-
tocks and furuncles on the left hip and right lateral thigh.
She denied history of fever, malaise, nausea, vomiting, or
fatigue. She had no comorbid conditions, did not take
medications, and had no history of food or environmental
allergies. She had no recollection of previous SSTIs or re-
cent trauma to the lower extremities. She reported living in
an apartment with a male partner, two school-aged children,
and her sister. There were no pets in the home. The patient
originally came to New York from Puerto Rico but had not
recently traveled out of the New York metropolitan area.

The furuncles were incised, drained, and cultured. Sur-
veillance cultures were obtained from the following sites:

1Urban Health Plan, Bronx, New York.
2Laboratory of Microbiology and Infectious Diseases, The Rockefeller University, New York, New York.
3Clinical Directors Network (CDN), Inc., New York, New York.
4Center for Clinical and Translational Science, The Rockefeller University, New York, New York.
5Laboratory of Molecular Genetics, Instituto de Tecnologia Quı́mica e Biológica (ITQB) da Universidade Nova de Lisboa, Oeiras,

Portugal.
*Both authors contributed equally to the article.
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Shirish Balachandra,	MD	(CDN/Urban	Health	Plan	FQHC)		
and	Maria	Pardos,	MD	PhD	(Rockefeller)
Case	Study	of	MRSA	Infection	Recurrence

(T3	Clinician	Investigator	Expertise/Interest)



CAMP1	Findings:

• Patients:		Responses	from	the	RPPS patient	focus	group	indicated	
that	many	patients	participated	in	the	CAMP	study	in	order	to	
contribute	to	knowledge	about	CA-MRSA transmission	and	
recurrence.	Outcomes	that	patients	were	most	concerned	about	
include:	recurrence, pain	and	inability	to	work.

• Clinicians:	“[It	is	assumed	that]	colonization	is	ongoing,	because	
we’ve	had	patients	return	with	recurrent	infections.	…If	you	just	use	
systemic	antibiotics,	the	nasal	colonization	persists.	Another	
question	to	consider	is	if	the	source	is	in	the	house.	We	can	take	all	
measures	to	decolonize	the	person	but	if	the	infection	is	still	in	the	
house	(pet,	towel,	sheets,	etc),	then	it’s	a	huge	factor.”	– Dr.	
Balachandra

• Laboratory	Investigators:	“Does	the	MRSA	recurrent	phenotype	
reflect	a	single	or	multiple	genotypes?

• Clinical	Investigators: 31%	of	MRSA+	wounds	and	28%	of	MSSA+	
wounds	are	recurrent

6

Convergence	of	CER/PCOR	Interests

THIS	CONVERGENCE	OF	INTERESTS	LED	US	TO	FOCUS	ON	
LABORATORY	&	CLINICAL	CORRELATES	

OF	INFECTION	RECURRENCE
AND	TO	PRIORITIZE	THE	STUDY	OF

PREVENTION	OF	INFECTION	RECURRENCE
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INFECTION	VS	COLONIZATION:	RESERVOIRS EFFECTIVE	INTERVENTIONS	TO	PREVENT	INFECTION
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BACKGROUND
Both targeted decolonization and universal decolonization of patients in intensive 
care units (ICUs) are candidate strategies to prevent health care–associated infec-
tions, particularly those caused by methicillin-resistant Staphylococcus aureus (MRSA).
METHODS
We conducted a pragmatic, cluster-randomized trial. Hospitals were randomly as-
signed to one of three strategies, with all adult ICUs in a given hospital assigned to 
the same strategy. Group 1 implemented MRSA screening and isolation; group 2, 
targeted decolonization (i.e., screening, isolation, and decolonization of MRSA carri-
ers); and group 3, universal decolonization (i.e., no screening, and decolonization of 
all patients). Proportional-hazards models were used to assess differences in infec-
tion reductions across the study groups, with clustering according to hospital.
RESULTS
A total of 43 hospitals (including 74 ICUs and 74,256 patients during the interven-
tion period) underwent randomization. In the intervention period versus the base-
line period, modeled hazard ratios for MRSA clinical isolates were 0.92 for screen-
ing and isolation (crude rate, 3.2 vs. 3.4 isolates per 1000 days), 0.75 for targeted 
decolonization (3.2 vs. 4.3 isolates per 1000 days), and 0.63 for universal decoloni-
zation (2.1 vs. 3.4 isolates per 1000 days) (P = 0.01 for test of all groups being equal). 
In the intervention versus baseline periods, hazard ratios for bloodstream infection 
with any pathogen in the three groups were 0.99 (crude rate, 4.1 vs. 4.2 infections 
per 1000 days), 0.78 (3.7 vs. 4.8 infections per 1000 days), and 0.56 (3.6 vs. 6.1 infec-
tions per 1000 days), respectively (P<0.001 for test of all groups being equal). Univer-
sal decolonization resulted in a significantly greater reduction in the rate of all 
bloodstream infections than either targeted decolonization or screening and isola-
tion. One bloodstream infection was prevented per 99 patients who underwent de-
colonization. The reductions in rates of MRSA bloodstream infection were similar to 
those of all bloodstream infections, but the difference was not significant. Adverse 
events, which occurred in 7 patients, were mild and related to chlorhexidine.
CONCLUSIONS
In routine ICU practice, universal decolonization was more effective than targeted 
decolonization or screening and isolation in reducing rates of MRSA clinical iso-
lates and bloodstream infection from any pathogen. (Funded by the Agency for 
Healthcare Research and the Centers for Disease Control and Prevention; REDUCE 
MRSA ClinicalTrials.gov number, NCT00980980.)
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gen was higher in group 3 (6.1 infections per 
1000 attributable days) than in groups 2 and 3 
(4.2 and 4.8 infections per 1000 attributable days, 
respectively), but the difference was not signifi-
cant (P = 0.87).

By chance, group 3 contained three of the 
four hospitals that performed bone marrow and 
solid-organ transplantations. These three hospi-
tals accounted for much of the excess risk in this 
group, including 72% of the baseline coagulase-
negative staphylococcal bloodstream infections 
(baseline risk of 0.01 events per patient in these 
three hospitals). The baseline risk per patient in 
all other hospitals in group 3 (0.004 events) was 
similar to the baseline risks in all hospitals in 
groups 1 and 2 (0.003 events in each group). 
During the intervention period, the risk declined 
in the three hospitals (0.002) and in all other 
hospitals implementing universal decolonization 
(0.0004), as compared with the baseline risks 
and as compared with the intervention risk for 
groups 1 and 2 (0.002 in each group). Analyses 
with adjustment for coexisting conditions such as 
cancer supported the findings of the as-assigned 
analyses (Table 2).

ADVERSE EVENTS
There were seven adverse events (two in group 2 
and five in group 3) (see the Supplementary Ap-
pendix). All involved mild pruritus or rash after 
chlorhexidine bathing and resolved on discon-
tinuation of the use of chlorhexidine-impregnat-
ed cloths.

DISCUSSION

Universal decolonization of patients in the ICU 
was the most effective strategy, significantly re-
ducing MRSA-positive clinical cultures by 37% and 
bloodstream infections from any pathogen by 44%. 
This effect was observed under usual practice 
conditions in a wide array of hospitals, including 
community hospitals, that had already implement-
ed national, evidence-based recommendations for 
preventing health care–associated MRSA infec-
tion. A total of 181 patients would need to un-
dergo decolonization to prevent one MRSA-posi-
tive clinical culture, and 99 patients would need 
to undergo decolonization to prevent one blood-
stream infection from any pathogen.

Several factors may account for our observa-
tion that universal decolonization had a greater 
preventive effect than the two other strategies. 
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Figure 2. Effect of Trial Interventions on Outcomes.

Shown are group-specific hazard ratios and 95% confidence intervals (indi-
cated by vertical lines) for outcomes attributable to the intensive care unit. 
Results are based on unadjusted proportional-hazards models that account-
ed for clustering within hospitals. Analyses were based on the as-assigned 
status of hospitals. Panel A shows hazard ratios for clinical cultures that 
were positive for methicillin-resistant Staphylococcus aureus (MRSA) infec-
tion, Panel B hazard ratios for MRSA bloodstream infection, and Panel C 
hazard ratios for bloodstream infection from any pathogen. Bubble plots of 
hazard ratios (predicted random effects or exponentiated frailties) from in-
dividual hospitals relative to their group effects are shown. The size of the 
bubble indicates the relative number of patients contributing data to the trial.
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The lack of association between S. aureus nasal colonization and
serious skin infection underscores the need to explore alternative
venues or body sites that may be crucial to transmission. Moreover,
the magnitude of colonization and infection within the household
suggests that households are an underappreciated and substantial
community reservoir.

Universal decolonization resulted in a significantly greater reduction
in the rate of all blood stream infections than either targeted
decolonization or screening and isolation.



CAMP2	Specific	Aims
§ Aim 1: To evaluate the comparative effectiveness of a CHW/Promotora-delivered
home intervention (Experimental Group) as compared to Usual Care (Control
Group) on the primary patient-centered and clinical outcome (SSTI recurrence
rates) and secondary patient-centered and clinical outcomes (pain, depression,
quality of life, care satisfaction) using a two-arm randomized controlled trial (RCT)

§ Aim 2: To understand the patient-level factors (CA-MRSA infection prevention
knowledge, self-efficacy, decision-making autonomy, prevention
behaviors/adherence) and environmental-level factors (household surface
contamination, household member colonization, transmission to household
members) that are associated with differences in SSTI recurrence rates

§ Aim 3: To understand interactions of the intervention with bacterial genotypic
and phenotypic variables on decontamination, decolonization, SSTI recurrence,
and household transmission

§ Aim 4 [Exploratory]: To explore the evolution of stakeholder engagement and
interactions among patients and other community stakeholders with practicing
community-based clinicians and academic laboratory and clinical investigators over
the duration of the study period

8
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CAMP2	Logic	Model



CAMP1	and	CAMP2	Study	Designs

CAMP-1

CAMP-2
1. Home	visits	with	Community	Health	Workers/Promotoras

(patient	and	household	assessment/swabs)	[Exp +	UC]
2. Patient	and	household	member	decolonization	[EXP]
3. Household	decontamination	[EXP]



CAMP2	Research	Design

CDC	Guidelines:		
Incision	&	Drainage
+ Oral	Antibiotics

Assessment	of	Household	
Environmental	Contamination	&	
Household	Members	
Colonization

Patient	&	Household	Members	
• Decolonization
Home	Environment
• Environmental	

Decontamination
(after	S.	Huang,	2014)
1) Nasal	Mupirocin
2) Chlorhexidine	Baths	on	Skin
3) Chlorine	Bleach	Cleaning	of	

Household	Surfaces



Home	Visit	Assessment:	Household	Surface	Sampling

13

Collected from index patients (n=278), consenting household members, and home 
environment surfaces.

Index Patients and
Household Members

(n=3 per participant)
Baseline and 3-Months

Environment
(n=13 surfaces per household) 

Baseline and 3-Months

Swab Category

Front doorknob Kitchen floor

TV remote Bathroom sink handle

Telephone Hair brush

Kitchen light switch Toilet seat

Kitchen countertop Bedroom floor

Refrigerator door 

handle
Favorite child's toy (non-

plush)
Kitchen sink handle

NaresAxilla

Groin



Assessed for eligibility (n=602)

Excluded based on negative 
lab result (n=235)

Allocated to Usual Care Group (n=89)
§ Received allocated intervention (n=58)
§ Did not receive allocated intervention (n=31)

Allocated to Experimental Group (n=97)
§ Received allocated intervention (n=62)
§ Did not receive allocated intervention (n=35)

Allocation

Randomized (n=186)

Enrollment 
(thru 11/25/2017)

Excluded based on eligibility criteria (n=181)
§ Declined to participate (n=141)
§ Not meeting inclusion criteria (n=40)

§ Over or under age limit (n=10)
§ On antibiotics (n=3)
§ Acutely ill (n=3)
§ Did not speak English or Spanish (n=7)
§ Does not meet probable diagnostic criteria for CA-

MRSA (n=7)
§ No lesion to culture (n=4)
§ Not planning to continue receiving care at site (n=6)

Consented; Baseline Visit 
Conducted

(n=421)

3-Month Home Visit
§ Complete (n=47)
§ Pending (n=7)

6-Month Interview and Chart Review
§ Complete (n=
§ Pending (n=

3-Month Home Visit
§ Complete (n=50)
§ Pending (n=8)

6-Month Interview and Chart Review
§ Complete (n=
§ Complete (n=

CONSORT Diagram UPDATE 6 MONTH TIMEPOINT



Age
Mean: 38 ± 14.9 years

Range: 9 – 70 years

We have recruited 421 patients with SSTIs to participate; 
44.1% (n=186) have been eligible for the study 

[Wound culture: MRSA+ (22.3%) or MSSA+ (22.3%)]
120 baseline home visits and 95 three-month home visits have been completed 

Results: Baseline Demographic Data

59
%

41
%

Gender

Male

Female 59%30%

11%

Ethnicity

Hispanic or Latino

Not Hispanic or Latino

Prefer not to Answer

22%

16%
44%

18%
1%

0%0%
Race

Black or African American
More than one race
Prefer not to answer
White
American Indian or Alaska Native
Asian
Native Hawaiian or Other Pacific Islander



Dermatological Symptoms and Treatment (n=186)

Results: Baseline Clinical Data
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Results: Baseline Microbiological Data
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Comparison of Proportions of Infected Body Sites between MRSA and MSSA Infection

Frequency

Results: Baseline Data – Staph Infection

0% 5% 10% 15% 20% 25%

Breast

Groin

Back

Foot/Ankle

Arm

Hand/Finger

Head/Neck

Thigh

Lower Leg

Abdomen/Torso

Axilla

Buttock

MSSA MRSA

*

*MRSA vs. MSSA: p<0.05

*

*

0% 10% 20% 30%

Head/Neck

Upper Limbs

Lower Limbs

Torso

MSSA

MRSA



Results: Baseline Data – Staph Colonization

13.3%

7.6%

4.8%

20.0%

4.8%

6.7%
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Surface contamination similar between MRSA and MSSA (15% vs 17.2%, respectively;
p=0.22).  MRSA and MSSA contamination were most prevalent on the Kitchen Floor, 
Bedroom Floor, and Toilet Seat.

Results: Baseline Data – Staph Contamination

0% 5% 10% 15% 20% 25% 30% 35%

Front Door Knob

Bedroom Child's Toy

Bathroom Hairbrush

Bathroom Sink Handle

Kitchen Countertop

Kitchen Light Switch

Kitchen Refrigerator Handle

Kitchen Sink Handle

Living TV Remote

Living Telephone

Bathroom Toilet Seat

Bedroom Floor

Kitchen Floor

Surface Contamination with MRSA or MSSA

MSSA

MRSA

Household	Contamination	
Score (n=120)​

No	Contamination​
(0	surfaces)​

46.2%​

Moderate	
Contamination​
(1-3	surfaces)​

36.1%​

High	Contamination​
(>4	surfaces)​

17.6%​

Mean: 1.64	± 2.36​
Range: (0,	12)​



Household Density and 
Wound Infection Type

vs. Birthplace

Household Density vs. 
Surface Contamination

Results: Baseline Housing Density & Contamination 
• The relationship between infection type and household density may be confounded by 

birthplace, since non-USA born participants had both significantly higher household density 
and MSSA positivity

●

●

●

●

●

●

●

●

●●

●

●

●●

●

● ●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●●

●

● ●

● ●

●

● ●

●

●●

●

●

●

●

●

●

●

−0.25

0.00

0.25

0.50

0.75

0 2 4 6
House Density

Pe
rc

en
ta

ge
 o

f C
on

ta
m

in
at

ed
 S

ur
fa

ce
s

Infection in Wound
●

●

MRSA

MSSA

●

●

●

●

●

●

●

●

●●

●

●

●●

●

● ●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●●

●

● ●

● ●

●

● ●

●

●●

●

●

●

●

●

●

●

−0.25

0.00

0.25

0.50

0.75

0 2 4 6
House Density

Pe
rc

en
ta

ge
 o

f C
on

ta
m

in
at

ed
 S

ur
fa

ce
s

Infection in Wound
●

●

MRSA

MSSA

p=0.59
Household 

Density Infection Type

Low High MRSA MSSA

Non-
USA 58.0% 42.0% 40.0% 60.0%

USA 57.3% 42.7% 57.3% 42.7%

Household Density= # residents/# rooms; median=1.37
Birthplace vs. Infection Type: P=0.0502
Household Density vs. Infection Type, controlling for Birthplace:
MRSA: P=0.56; MSSA: P=0.55



Summary of Baseline 
Colonization & Contamination Results

§ 47.5% of 120 index patients and 38.1% of 105 household members 
were positive for S. aureus colonization in one or more body sites

§ 53.8% of households had at least one surface contaminated with S. 
aureus (MRSA: 44.3%, MSSA: 55.7%)

§ MRSA	and	MSSA	surface	contamination	showed	similar	patterns	of	
contamination,	most	common	in	the	kitchen	(38.5%)	and	bathroom	
(23.3%),	followed	by	bedroom	(15.4%),	living	room	(15.4%)	and	
entryway	(7.7%)

§ Those who were not born in the USA had a higher proportion of 
MSSA infection as compared to those born in the USA (p=0.05)

§ There are high levels of colonization and contamination of surfaces in 
households of patients with confirmed MRSA/MSSA SSTIs suggesting 
the importance of these reservoirs for controlling infections



• Add whole genomic sequencing/metagenomics
• National CA-MRSA Surveillance System with Practice Based Research
Networks (PBRNs) using a network of networks (N2-PBRN)

• Comparative Effectiveness Research (CER) Studies using Pragmatic
Individual-level (RCTs) and Cluster Randomized Controlled Trials (cRCTs)

• Surveillance and educational outreach directly to the public
• Enduring partnerships to disseminate, implement and evaluate
evidence-based practices, including:

• Understanding the Role of the microbiome and commensals
• Carriage/Chronic Carriers
• Decolonization Strategies
• Antibiotic Stewardship
• Environmental Decontamination Strategies to eliminate reservoirs of
resistance (ARBs & ARGs)

Next	Steps:	
National	Outreach



CA-MRSA	Project	(CAMP)	Rockefeller-CDN-CHC	Team
Bi-Directional Community Engaged Research Partnership    





Rockefeller/CDN	Model:	
To	Simultaneously	Study	Effectiveness	and	Mechanisms																											

so	as	to		Answer	the	Questions:

1) What	works?	 [Comparative	Clinical	Effectiveness]

2) For	whom	does	it	work? [Heterogeneity	of	Tx Effects/Precision	Medicine]

3) How	does	it	work? [Mechanisms]

Tightly	Controlled	Studies	
in	Academic	Centers

Studies	in	Real	Life	
Community	Settings

“Efficacy” “Effectiveness” 

PBRNs	& Full	Spectrum	Translational	Research	Studies



Translational Research, NIH “Blue Highways” 
& The Rockefeller/CDN Model

T4
Public
Health	
Impact

T3
Dissemination	&	
Implementation	

Research

T2
Human	
Clinical	
Research

T1
Laboratory	
Investigation

Pathogen	Virulence	
Factors	(MRSA)

Laboratory	of	
Microbiology	&	
Infectious	Diseases

Host	Defense	Factors
(Patients,		Households,	
Communities)
Laboratory	of	
Community-based	
Comparative	
Effectiveness	Research

T5
Policy



T5: Translation into Policy  
Reducing	Antibiotic	Resistant	Bacteria	(ARBs)	
and	Antibiotic	Resistant	Gene	Fragments	
(ARGs)	in	the	Environment

• Antibiotic	Stewardship
• Clinical
• Livestock

• Livestock/Feed/Antibiotics
• Food	Supply

• Environmental	Waste	Management
• Soil	microbiome
• Water	microbiome



MRSA has been recovered from:
• Companion Animals/Pets (dogs, cats)
• HUMANOSIS ßà ZOONOSIS
• Farm/Food Animals  (cows, pigs)                
• Livestock Acquired MRSA (LA-MRSA)

• Meat (beef, pork)
• Dairy (cow milk)
• Fish   (tilapia)

• Aquaculture
• Occupational Settings (healthcare, veterinarians, agriculture, livestock, fishermen, athletes)
• Environment (high touch surfaces, public transportation, soil, water table, 
• Ocean, Lakes, Wastewater pools

T5:	Why	is	this	Important?



N2 PBRN: Network of Networks

Community Health Centers
Hospitals

South Texas 
Ambulatory 

Research Network 
(STARNet)

Clinical Directors 
Network
(CDN)

+ +

Access Community 
Health Network 

(ACCESS)

+

Lutheran Family 
Health Centers 

(LFHCs)
Incubator PBRN

Hudson 
River 

Health 
Care

Urban 
Health 
Plan

Brookdale 
Family Care 

Center

Open 
Door 
Family 
Health 
Center

Manhattan’s 
Physician 

Group 95th

Street

Manhattan’s 
Physician 

Group 125th

Street

Park 
Slope 
LFHC

Family 
Physician 

LFHC

Kling 
Adult 

Medicine

Madison 
Family 
Health

Trevino 
Family 
Clinic

University 
Health 
System

4	PBRNs
12	CHCs

159	Patients
318	Specimens

Funded by AHRQ Grant (P30) HS 021667, NCATS 
8 UL-1 TR-000043 & Rockefeller CCTS Pilot Grants

Brooklyn Chicago San Antonio

NYC/Westchester

Links:	www.pbrn.ahrq.gov/pbrn-profiles/P30-Centers
http://pbrn.ahrq.gov/sites/default/files/docs/page/N2.pdf



Clonal	Distribution	of	Nasal	and	Wound	
Isolates,	MRSA	and	MSSA	Results

Pardos de la Gandara M et al. 2015. Molecular types of methicillin-resistant Staphylococcus aureus and methicillin-sensitive S. aureus strains causing skin and soft tissue infections and nasal colonization, 
identified in community health centers in New York City. J Clin Microbiol 53:2648 –2658. doi:10.1128/JCM.00591-15.

Molecular Types of Methicillin-Resistant Staphylococcus aureus and
Methicillin-Sensitive S. aureus Strains Causing Skin and Soft Tissue
Infections and Nasal Colonization, Identified in Community Health
Centers in New York City

Maria Pardos de la Gandara,a Juan Antonio Raygoza Garay,b Michael Mwangi,b Jonathan N. Tobin,c,d Amanda Tsang,c*
Chamanara Khalida,c Brianna D’Orazio,c Rhonda G. Kost,d Andrea Leinberger-Jabari,d Cameron Coffran,d Teresa H. Evering,d

Barry S. Coller,d Shirish Balachandra,e Tracie Urban,e Claude Parola,e Scott Salvato,e Nancy Jenks,f Daren Wu,g Rhonda Burgess,h

Marilyn Chung,a Herminia de Lencastre,a,iAlexander Tomasza

Laboratory of Microbiology and Infectious Diseases, The Rockefeller University, New York, New York, USAa; Department of Biochemistry and Molecular Biology, Penn State
University, University Park, Pennsylvania, USAb; Clinical Directors Network (CDN), New York, New York, USAc; The Rockefeller University Center for Clinical and Translational
Science, New York, New York, USAd; Urban Health Center, Bronx, New York, USAe; Hudson River Health Care, Peekskill, New York, USAf; Open Door Family Medical Center,
Ossining, New York, USAg; Manhattan Physicians Group—125th Street Clinic, New York, New York, USAh; Laboratory of Molecular Genetics, Instituto de Tecnologia
Química e Biológica (ITQB/UNL), Oeiras, Portugali

In November 2011, The Rockefeller University Center for Clinical and Translational Science (CCTS), the Laboratory of
Microbiology and Infectious Diseases, and Clinical Directors Network (CDN) launched a research and learning collabora-
tive project with six community health centers in the New York City metropolitan area to determine the nature (clonal
type) of community-acquired Staphylococcus aureus strains causing skin and soft tissue infections (SSTIs). Between November
2011 and March 2013, wound and nasal samples from 129 patients with active SSTIs suspicious for S. aureus were collected and
characterized by molecular typing techniques. In 63 of 129 patients, the skin wounds were infected by S. aureus: methicillin-
resistant S. aureus (MRSA) was recovered from 39 wounds and methicillin-sensitive S. aureus (MSSA) was recovered from 24.
Most— 46 of the 63–wound isolates belonged to the CC8/Panton-Valentine leukocidin-positive (PVL!) group of S. aureus clone
USA300: 34 of these strains were MRSA and 12 were MSSA. Of the 63 patients with S. aureus infections, 30 were also colonized
by S. aureus in the nares: 16 of the colonizing isolates were MRSA, and 14 were MSSA, and the majority of the colonizing isolates
belonged to the USA300 clonal group. In most cases (70%), the colonizing isolate belonged to the same clonal type as the strain
involved with the infection. In three of the patients, the identity of invasive and colonizing MRSA isolates was further docu-
mented by whole-genome sequencing.

Staphylococcus aureus is the most common cause of bacterial
infections in humans worldwide (1), and methicillin-resistant

Staphylococcus aureus (MRSA) is the main cause of skin and soft
tissue infections (SSTIs) in North America, with a single clone,
USA300, accounting for 98% of these infections (2, 3).

The first human case of MRSA infection in the United States
was reported in Boston, MA, in 1968 (4). MRSA was first detected
in hospitals, and over the following decades, it became the main
nosocomial pathogen around the world (5). In 1998, the preva-
lence of MRSA in 12 hospitals throughout the city of New York
was assessed (6), and a single MRSA clone was found to be respon-
sible for an overwhelming majority of MRSA infections. The same
MRSA clone was subsequently identified as dominant in MRSA
infections in 29 hospitals in the tristate area (7), and it was also
identified in MRSA infections in Japan (8). This MRSA clone
(multilocus sequence typing [MLST] clonal complex CC5, se-
quence type ST5, SCCmecII, and unique pulsed-field gel electro-
phoresis [PFGE] profile)—also known as the “New York/Japan
clone” or “MRSA clone USA100”— became the most prevalent
MRSA clone involved in MRSA infections in hospitals in the
United States in the 1990s (9).

In 1993, a new MRSA clone emerged in Kimberley, Western
Australia (10), in a community of patients without previous
health care contact (community-acquired MRSA [CA-MRSA]).
In the late 1990s, CA-MRSA also appeared in the United States

and was responsible for the death of four otherwise healthy pedi-
atric patients in Minnesota and North Dakota (11). These new
CA-MRSA strains belonged to a clone (USA400/CC1/SCCmecIV)

Received 4 March 2015 Returned for modification 14 April 2015
Accepted 3 June 2015

Accepted manuscript posted online 10 June 2015

Citation Pardos de la Gandara M, Raygoza Garay JA, Mwangi M, Tobin JN, Tsang A,
Khalida C, D’Orazio B, Kost RG, Leinberger-Jabari A, Coffran C, Evering TH, Coller BS,
Balachandra S, Urban T, Parola C, Salvato S, Jenks N, Wu D, Burgess R, Chung M, de
Lencastre H, Tomasz A. 2015. Molecular types of methicillin-resistant
Staphylococcus aureus and methicillin-sensitive S. aureus strains causing skin and
soft tissue infections and nasal colonization, identified in community health
centers in New York City. J Clin Microbiol 53:2648 –2658.
doi:10.1128/JCM.00591-15.

Editor: N. A. Ledeboer

Address correspondence to Alexander Tomasz, tomasz@rockefeller.edu.

* Present address: Amanda Tsang, Columbia University Medical Center, New York,
New York, USA.

Supplemental material for this article may be found at http://dx.doi.org/10.1128
/JCM.00591-15.

Copyright © 2015, American Society for Microbiology. All Rights Reserved.

doi:10.1128/JCM.00591-15

2648 jcm.asm.org August 2015 Volume 53 Number 8Journal of Clinical Microbiology

 o
n

 J
u

ly
 2

0
, 2

0
1

5
 b

y
 R

o
c
k
e

fe
lle

r U
n

iv
e

rs
ity

h
ttp

://jc
m

.a
s
m

.o
rg

/
D

o
w

n
lo

a
d

e
d

 fro
m

 



Contamination with MRSA or MSSA by Surface Material

Results: Baseline Data – Staph Contamination
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Household	Contamination	
Score (n=120)​

No	Contamination​
(0	surfaces)​

46.2%​

Moderate	
Contamination​
(1-3	surfaces)​

36.1%​

High	Contamination​
(>4	surfaces)​

17.6%​

Mean: 1.64	± 2.36​
Range: (0,	12)​



SOURCE: Westfall, et al., “Practice-Based Research—“Blue Highways’ 
on the NIH Roadmap”  JAMA  2007; 297: 403-406

Translational Research & NIH “Blue Highways”

T4
Public
Health	
Impact

T0
Basic

Science T5
Health	
Policy

§Aim 1: To evaluate the
comparative effectiveness of
a CHW/Promotora-delivered
home intervention
(Experimental Group) as
compared to Usual Care
(Control Group) on the
primary patient-centered and
clinical outcome (SSTI
recurrence rates) and
secondary patient-centered
and clinical outcomes (pain,
depression, quality of life,
care satisfaction) using a two-
arm randomized controlled
trial (RCT)

§Aim 3: To understand
interactions of the
intervention with bacterial
genotypic and phenotypic
variables on
decontamination,
decolonization, SSTI
recurrence, and household
transmission

§Aim 4
To explore the evolution of
stakeholder engagement
and interactions among
patients and other
community stakeholders
with practicing community-
based clinicians and
academic laboratory and
clinical investigators over
the duration of the study
period

§Aim 2: To understand
patient-level factors (CA-
MRSA infection
prevention knowledge,
self-efficacy, decision-
making autonomy,
prevention
behaviors/adherence) and
environmental-level
factors (household surface
contamination, household
member colonization,
transmission to household
members) associated w/
diffs in SSTI recurrence
rates

What	made	
the	

partnership	
work:



MRSA: Elusive & Rapidly Spreading & Mutating Bacteria
Multiple clones
Different phenotypes
Geographic heterogeneity
- Inappropriate Antibiotics Prescribing by Clinicians

- Inadequate Antibiotic Medication Adherence by Patients

- Differential Access to Care and Pharmaceuticals

- Increasing Concentrations of Antibiotics by Pharmaceutical Manufacturing
and Animal Husbandry Practices that are Flooding the Environment and Food 

Supply

- Antibiotic Stewardship by the Health Care and Agriculture/Food Industries

MRSA Project: A Model System of in-vivo/in-situ Research 
that combines
- Clinical and Public Health Surveillance

- Clinical Practice/Community-based Comparative Effectiveness Research
- Health and Environmental Policy 
- Embedded Mechanistic Research about Evolution of Antibiotic Resistance
à Interactions of microbial genomics & evolution with the health care system 
& environment

Conclusion:	
We	are	Hunting	an	Important	Microbe	which	
serves	as	a	Metaphor	for	the	Best	of	Medicine	

and	the	Worst	of	Medicine

Microbiome



Community-Associated  Methicillin-Resistant  
Staphylococcus aureus (CA-MRSA) Surveillance 

Network CA-MRSA Project (CAMP1)
Goals:  

1. Define the incidence of CA-MRSA in New York area 
Community Health Centers (CHCs) 

2. Insure that CHCs clinicians have the training to provide 
optimal care to patients with CA-MRSA

3. Identify the substrains of MRSA responsible for the infections 
4. Assess the relationship between MRSA colonizing a patient’s 

nose and the MRSA causing the clinical infection
5. Build a respectful, enduring, bidirectional partnership and 

network infrastructure for conducting and disseminating future 
studies



CA-MRSA	Molecular	Epidemiology:
(T1	Laboratory	Investigator	Expertise/Interest)



Environmental Samples vs. Isolates:
So many species where to begin…

One Codex: A Sensitive and Accurate Data Platform for Genomic Microbial 
Identification, Samuel S Minot, Niklas Krumm, Nicholas B Greenfield
bioRxiv 027607; doi: https://doi.org/10.1101/027607


