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s u m m a r y
Dissemination of methicillin-resistant-Staphylococcus aureus/(MRSA) is a worldwide concern both in hospitals [healthcare-associated-(HA)-MRSA] and communities [community-associated-(CA)-MRSA]. Knowledge on when and where MRSA colonization is acquired and what clones are involved is necessary, to
focus efforts for prevention of hospital-acquired MRSA-infections.
Methods: A prospective/longitudinal cohort study was performed in eight Argentina hospitals (Cordoba/
October-December/2014). Surveillance cultures for MRSA (nose-throat-inguinal) were obtained on admission and at discharge. MRSA strains were genetically typed as CA-MRSAG and HA-MRSAG genotypes.
Results: Overall, 1419 patients were screened and 534 stayed at hospital for ≥3 days. S. aureus admission
prevalence was 30.9% and 4.2% for MRSA. Overall MRSA acquisition rate was 2.3/10 0 0 patient-days-at-risk
with a MRSA acquisition prevalence of 1.96% (95%CI: 1.0%-3.4%); 3.2% of patients were discharged back to
community with MRSA. CA-MRSAG accounted for 84.6% of imported, 100.0% of hospital-acquired and 94%
of discharged MRSA strains. Most imported and acquired MRSA strains belonged to two major epidemic
CA-MRSA clones spread in Argentina: PFGEtypeI-ST5-IVa-t311-PVL+ and PFGEtypeN/ST30-IVc-t019-PVL+ .
Conclusions: CA-MRSA clones, particularly ST5-IV-PVL+ and ST30-IV-PVL+ , with main reservoir in the
community, not only enter but also are truly acquired within hospital, causing healthcare-associated-
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hospital-onset infections, having a transmission capacity greater or similar than HA-MRSAG . This
information is essential to develop appropriate MRSA infection prevention-control programs, considering
hospital and community.
© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Introduction
Staphylococcus aureus, particularly methicillin-resistant S. aureus (MRSA), is an important human pathogen that exhibit enhanced virulence and resistance to different antibiotics. It causes
a wide range of infections from mild to life-threatening conditions, both in the hospital (healthcare-associated-infections/HAIs)
and in the community (community-associated-infections/CAIs), resulting in increased costs for the healthcare system.1 , 2 Although
there has been a recent decrease in HAIs (but not among CA invasive infections), caused by MRSA, in EEUU3 and in some European
countries,4 the attributable mortality due to HA invasive and noninvasive infections by MRSA, is higher than the reported for most
newly emergent multidrug-resistant gram-negative pathogens.5
While S. aureus is a virulent pathogen, about 20% of individuals are persistent nasal carriers and around 30% are intermittent carriers of S. aureus6 . This colonization status, signiﬁcantly
increases the chances of subsequent endogenous infections with
the colonizing strain, even after discharge.7–9 The risk of nosocomial transmission increases as the density of colonized patients
rises (colonization pressure, CP).10 Active surveillance, such as the
screening at hospital admission for MRSA colonization (universal
or targeted according to the presence of high-risk-factors/RFs) has
been recommended for the early detection of asymptomatic carriers allowing timely implementation of infections prevention and
control (IPC) measures to reduce transmission.1 Moreover, during
the last years, the emergence of CA-MRSA has changed the epidemiology of MRSA. While a limited number of epidemic clones
were originally detected only in hospitals (HA-MRSA) causing serious infections in patients with RFs, MRSA infections are now
widely spread in the community (CA-MRSA).11 More recently, these
strains that combine methicillin resistance with enhanced virulence and ﬁtness,12 were identiﬁed causing Hospital-Onset (HO) infections.11 , 13 , 14 Therefore, even though, the RFs for colonization by
the traditional HA-MRSA clones are well-known,15 those for colonization by the CA-MRSA clones remain unclear, particularly ones
other than USA300 clone.14 Consequently, the local prevalence of
MRSA colonization at admission, the molecular epidemiology, and
the available resources16 are essential to decide which screening
approach is more suitable when admitting patients to hospitals.
Studies from Europe, on hospital transmission of HA-MRSA
strains in non-epidemic contexts with a low prevalence of MRSA
with extensive IPC practices, suggest a continuous ward-based
MRSA transmission linked to patients sharing between hospitals17 and limited within-hospital transmission based on genetic
relatedness of inpatients isolates.9 In contrast, in a context of
low-income settings with lower barriers to transmission, multiple
transmissions of small numbers of strains have been documented,
all related to ST239-II HA-MRSA clone.18 On the other hand, in
the USA, genomic and epidemiological evidence for community
origins of HO infections, caused by the USA300 CA-MRSA clone
was detected.14 Then, hospital-based IPC interventions will not
be able to eliminate one of the most signiﬁcant MRSA reservoirs
affecting their patients in the community. Therefore, to perform
the primary prevention of S. aureus disease, particularly MRSA,
which involves avoiding acquisition of the bacteria, it is necessary
to understand when, how and where the colonization is acquired,
and what MRSA clones are involved.8 , 19

MRSA is an increasing problem in hospitals of Latin America.11 In Argentina, MRSA accounts for approximately 50% of
all S. aureus isolates recovered from community-onset (CO) or
healthcare-onset (HO) infections WHONET Argentina Network, 13 . We
previously reported that from 2002 to 2007, more than 60% of
HO-MRSA infections were caused by Cordobes/Chilean epidemic
HA-MRSA clone/ST5-SCCmecI20 , 21 and more than 80% of CA-MRSA
infections were related with the emergence and dissemination
of CA-MRSA-clone: pulsotypeI-ST5-SSCmecIV-PVL+ .21 , 22 In addition, this clone colonized more than 50% of healthy children
attending during 2008 of kindergartens in a city of Buenos Aires
province.23 Since 2009, having used the epidemiological deﬁnition
for HAHO infections (CDC-criteria24 ) and the genetic deﬁnition for
MRSA strains, not only the entry in hospitals of CA-MRSA/ST5IV-PVL+ clone was detected but also the spread of the Southwest
Paciﬁc-(SWP)/ST30-IV-PVL+ clone in the community.13
There are limited data on prevalence, molecular epidemiology
and risk factors for MRSA colonization upon admission, discriminated by genotypes for both CA-MRSA and HA-MRSA (CA-MRSAG
and HA-MRSAG , respectively), in Latin America-(LA).25 On the
other hand, the relationship between HAHO or hospital-acquired
infections by CA-MRSAG and the carriage statu upon admission remains unclear.
In this study, we aimed (1) to examine the molecular epidemiology of MRSA colonization, the prevalence and risk factors
for MRSA (also stratiﬁed by CA-MRSAG and HA-MRSAG ) carriage
among patients admitted to eight tertiary medical center in
Córdoba, Argentina, (2) to determine the rates and molecular
epidemiology of MRSA acquisition during their stay, estimating the
dynamics of colonization by CA-MRSAG and HA-MRSAG withing
the hospital setting.
Materials and methods
Study population and design
This multicenter observational prospective study was carried
out from September 22 to December 22, 2014, at eight tertiary
medical centers in Córdoba, Argentina (designated as H1–H8, to
save conﬁdentiality): 7 in Córdoba city and 1 in Rio IV city (212 km
from Córdoba). Children’s (3), adult (3) and general (2) hospitals
(pediatric/adult, with pediatric care wards separated from those for
adult care) participated. The characteristics of hospitals are shown
in the Supplementary Table S1.
A convenience sample of subjects admitted to the each hospital
was included. Patients who were able to provide written informed
consent and were not using nasal mupirocin at the time of admission were eligible for study participation. Patients were swabbed
(nostril, throat and inguinal area) at admission (within 48 h) and
at discharge (only in patients admitted for ≥3 days) (Table 1). The
sample size was calculated by setting the absolute precision at 2%
with 90% power and 5% signiﬁcance level. On the basis of a previous study indicating the rate of MRSA colonization among admitted patients to be 5%, the required sample size was 1139.
A patient with at least one swab sample positive for S. aureus was considered colonized. In addition, the clinical samples
and nasal, throat and inguinal swabs from patients with any type
of MRSA infections, imported [community-onset (CO), detected

P = 0.0017
13.6
(2.42–75.93)
p<0.0001
P = 0.0008
P = 0.002
P = 0.19
2.4
2.5
2.6
(1.90–3.02) (1.45–4.33) (1.41–4.93)
Pediatric vs.
adult,
P value,
OR
(95% CI)

749
≥ 19 (adult)

CA-MRSAG and HA-MRSAG community-associated and healthcare-associated methicillin-resistant S. aureus genotypes. CI: conﬁdence interval, OR, odds ratio.
a
Patients screened upon admission to each hospital who remained hospitalized for ≥ 3 days.
b
CP: Colonization pressure was deﬁned as the following ratio: Number of MRSA-imported+MRSA-acquired patient-days in the total number of patient-days in the entire study period.13 , 31
c
Acquisition of S. aureus/10 0 0 patient days at risk (who were not colonized by MRSA on admission).

P = 0.02
9.1
(1.62–51.57)
P = 0.1
p<0.0001
P = 0.0005
1.8
1.39
(1.52–2.18) (1.16–1.68)¨

10.1,
(8.9–11.3)
1 (0.4,
0.1–1.2)
7 (2.6,
1.3–4.9)
265
5 (0.7,
0.2–1.6)
14 (1.9,
1.0–3.1)
19 (2.5,
1.6–3.9)

670
< 19
(Pediatric)

166 (22.2;
19.4- 25.3)

269

P = 0.62
P = 0.016
P = 0.03
2.7
2.8
(1.19–6.62) (1.08–6.88)

0.4
<0.0001 12.3 1 (0.4, 01–2.0)
(8.1–18.7)
0.9 (0.6–1.3)

1.5 (1.0–2.2)

6 (2.3,
1.4–3.6)

10.4
(9.3–11.6)

5.3

2.3

<0.0001 7.8 10 (1.9, 1.1–3.5)
(5.6–9.2)
<0.0001 10.9 9 (3.6, 2.1–6.7)
(7.2–16.4)
1.7 (1.4–2.2)

11.3
(10.4–12.3)
14.1
(12.5–15.8)
12.9,
(11.9–13.9)
16.9,
(15.1–18.7)
4 (0.7,
0.3–1.3)
3 (1.1,
0.5–2.2)
22 (4.1,
3.1–5.2)
16 (5.9,
4.3–7.9)
26 (4.9,
3.4–7.1)
19 (7.1,
5.0–10.8)
534

14 (1.0,
0.6–1.6)
9 (1.3,
0.6–2.5)
46 (3.2,
2.3–4.2)
32 (4.8,
3.3–6.7)
60 (4.2,
3.3–5.4)
41 (6.1,
4.5–8.2)
1419
Total

438 (30.9,
28.6–33.4)
272 (40.6;
36.9- 44.4)

CP by
HA-MRSAG b
CP by
CA-MRSAG b
CP by
MRSAb
HA-MRSAG
n: 4
Total
Patients
n: 1419
Age groups
(years)

Overall n:
438

MRSA n: 60 CA-MRSAG
n: 46

HA-MRSAG
n: 14

Patients
admitted
n: 534

MRSA n: 26 CA-MRSAG
n: 22

CP by MRSA (CA-MRSAG and
HA-MRSAG )b ,% (95%CI)
No. (%, 95%CI) of MRSA (CA-MRSAG
and HA-MRSAG ) positive patients
upon admission
No. (%, 95%CI) of S. aureus positive patients at
admission

Patients admitted for ≥ 3 daysa

Table 1
MRSA (CA-MRSAG and HA-MRSAG ) carriage: colonization on admission and acquisition by age group, across eight hospitals, in Cordoba, Argentina, Oct–Dec, 2014.

CP by
CA-MRSAG vs.
HA-MRSAG P,
OR (95%CI)

No(%, 95% CI) of
at-risk patients
with MRSA
acquisition

Acquisition of
MRSA/10 0 0
patient days
at riskc
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within 48 h after admission] or acquired [Hospital-onset (HO),
detected after the third day of admission and in absence of colonization upon admission] were also analyzed.
We evaluated S. aureus and MRSA colonization prevalence upon
admission, MRSA acquisition risk per 10 0 0 patient-days at risk and
spontaneous losses of MRSA during stay and prevalence on discharge in all hospitals. Aggregated data of eight hospitals were
used to identify risk factors (Tables 2 and 3) and for comparisons
between age groups (Table 1). To estimate new acquisition and colonization status at discharge we limited the analysis to patients
admitted for ≥3 days (Fig. 1 and Supplementary Table S2). For patients with multiple admissions, only the ﬁrst admission was included in the analysis.
The implementation of an infection prevention control program
and the compliance with contact precautions26 for patients with
known or suspected MRSA infection or colonization depended
on the infection control committee of each hospital. In most
of these hospitals, a more selective use of contact precautions
was performed, particularly for patients with draining wounds
or infectious diarrhea, or for high-risk patient care activities,
emphasizing hand hygiene, chlorhexidine patient bathing and
environmental hygiene. The isolation of patients with known or
suspected MRSA infection or colonization in single rooms depended on the availability of single rooms. Decolonization was not
routinely performed.
A written informed consent by the adult patient or his/her
proxy and by each child’s parents for pediatric patient was
required, in accordance with the Declaration of Helsinki. This
study was reviewed and approved by Ethics Review Board of the
Health Research for adults and children (CIEIS), Government of
the Province of Córdoba, Health Ministry (approvals No. 2399 and
2431/2014).
Data collection and case deﬁnitions
At the time of screening, a standardized questionnaire was
completed for each patient and the following features were
recorded: (Table 2): (i) socio-demographic characteristics: (ii) underlying medical conditions and presence of active skin lesions (iii)
risk factors for HA-MRSA colonization or infection (RFs) (CDC criteria,24 (iv) antibiotic exposure within the previous year.
The patients were classiﬁed as not colonized, importers, or acquirers based on the presence of MRSA from the screening test
and clinical samples during their inpatient stay. A patient, whose
MRSA screening tests at admission and discharge were negative,
and without a clinical sample with MRSA, was considered as not
colonized. The importer patients deﬁned the MRSA colonization
status or infection upon admission. They had a positive MRSA culture collected from nostril or throat or inguinal area or any clinical
sample within 48 h after hospital admission. MRSA colonization or
infection was considered hospital acquired if MRSA was detected
from the screening at discharge (colonization) or from a clinical
sample recovered after the third day of hospital admission (infection), in absence of colonization on admission and without previous history of MRSA.
We estimated the prevalence of S. aureus and MRSA colonization overall and by speciﬁc MRSA genotypes (CA-MRSAG and
HA-MRSAG ) at admission and discharge across all anatomic sites
sampled for each patient. The acquisition rate was deﬁned as new
acquisition events per 10 0 0 patient-days. MRSA colonization pressure (CP) for children and adults (Table 1) was deﬁned as the proportion of total patient-days that were MRSA-(CA-MRSAG or HAMRSAG ) positive patient-days in the entire study period.10 , 27 CP
was used to compare and quantify the burden of MRSA, also discriminating as CA-MRSAG or HA-MRSAG genotypes, as a measure
of the magnitude of MRSA reservoir in the pediatric compared to

Table 2
Univariate analysis of the risk factors associated with MRSA, CA-MRSAG and HA-MRSAG genotypes carriage at hospital admission, Cordoba, Argentina.
Risk Factor

All patients N:
1419

MRSA: No.(%) of patients

CA-MRSAG : No.(%) of patients

HA-MRSAG : No.(%) of patients

MRSA carriers n:
60

Non MRSA
carriers n: 1359

P value/ Univariate
of MRSA OR (95% CI)

CA-MRSAG
carriers n: 46

Non CA-MRSAG
carriers n: 1373

P value/ Univariate
of CA-MRSAG OR
(95% CI)

HA-MRSAG
carriers n: 14

Non
HA-MRSAGG
carriers n: 1405

P value/ Univariate
of HA-MRSAG OR
(95% CI)

0.006

20.4 ± 26.3
6 (0.1–97)
32 (69.6)

31.6 ± 29.5
25 (0.1–99)
638(46.5)

0.011

31.3 ± 29.5
24 (0.1–99)
661(47.0)

0.28

21 (45.7)
27 (58.7)

593 (43.2)
485 (35.3)

6 (42.9)
5 (35.7)

608 (43.2)
507 (36.1)

0.59
0.6

18 (40.9)

586 (42.6)

0.002
2.63 (1.41–4.9)
0.42
0.001
2.60 (1.44–4.83)
0.37

22.5 ± 30.25
2.5 (0.3–79)
9 (64.3)

12 (85.7)

592 (42.1)

3 (6.8)

46 (3.3)

021

3 (21.4)

46 (3.3)

0 (0)

23 (1.7)

NA

2 (14.3)

21 (1.5)

0.001
8.24 (2.11–32.17)
0.001
8.06 (2.35–27.61)
0.02
10.98 (2.65–45.59)
0.08
0.62
NA
0.21

Socio-demographic data
Age, years, Mean ± SD/Median
(range)
Age group, < 19

31.2 ± 29.5
24 (0.1–99)
670 (47.2)

20.9 ± 27.0
5.5 (0.1–97)
41 (68.3)

31.7 ± 29.5
55 (0.1–99)
629(46.3)

Proportion female
UBNs (at least one)a

614 (43.3)
512 (36.1)

27 (43.2)
32 (53.3)

587 (43.2)
480 (35.3)

Underlying diseasesb

604 (42.6)

30 (50.0)

574 (42.2)

49 (3.5)

6 (10.0)

43 (3.2)

23 (1.6)

2 (3.3)

21 (1.5)

182 (12.8)
95 (6.7)
48 (3.4)
89 (6.3)

6
4
2
9

(10.0)
(6.7)
(3.3)
(15.0)

176 (13.0)
91 (6.7)
46 (3.4)
80 (5.9)

0.69
1.00
0.98
0.004
2.82 (1.36–5.84)

2
3
2
7

(4.5)
(6.5)
(4.3)
(15.2)

180 (13.1)
92 (6.7)
46 (3.4)
82 (6.0)

0.09
0.95
0.66
0.022
2.83 (1.25–6.36)

4
1
0
2

(28.6)
(7.1)
(0)
(14.3)

178 (12.7)
94 (6.7)
48 (3.4)
87 (6.2)

552 (38.9)

30 (50.0)

522 (38.4)

0.08

19 (41.3)

533 (38.8)

0.78

11 (78.6)

541 (38.5)

0.004
5.86 (1.76–19.47)

376 (26.5)

17 (28.3)

359 (26.4)

0.80

9 (19.6)

367 (26.7)

0.31

8 (57.1)

368 (26.8)

11 (0.8)

4 (6.7)

7 (0.5)

2 (4.3)

9 (0.7)

9 (0.6)

7 (12.1)

170 (12.5)

4 (9.1)

173 (12.6)

0.04
6.9 (1.66–28.64)
0.49

2 (14.3)

177 (12.5)

0.001
13.8 (4.16–45.7)
0.92

3 (21.4)

174 (12.4)

0.009
3.76 (1.34–10.50)
0.005
25.85 (5.77–115.1)
0.40

9 (0.6)

1 (1.7)

8 (0.6)

0.23

1 (2.3)

8 (0.6)

0.16

0 (0)

9 (0.6)

NA

18 (1.3)

4 (6.7)

14 (1.0)

3 (6.5)

15 (1.1)

17 (1.2)

0.16

21 (35.0)

258 (19.0)

9 (19.6)

270 (19.7)

0.018
6.32 (1.91–20.94)
0.58

1 (7.1)

279 (19.7)

12 (85.7)

267 (19.0)

Long-term Indwelling device

118 (8.3)

11 (19.0)

107 (7.9)

5 (10.9)

113 (8.2)

0.58

6 (42.9)

112 (8.0)

Urinary catheter

133 (9.4)

13 (21.7)

120 (8.8)

0.006
6.32 (1.91–20.94)
0.0023
2.63 (1.34–5.14)
0.002
2.63 (1.34–5.14)
0.0026
2.86 (1.52–5.38)
0.0012
2.31 (1.38–3.87)
0.005
2.24 (1.30–3.86)
0.87

4 (8.7)

129 (9.4)

0.56

9 (64.3)

124(8.8)

21 (45.7)

419 (30.6)

9 (64.3)

431 (30.7)

16 (34.8)

268 (19.5)

5 (35.7)

279 (19.9)

0 (0)

44 (3.2)

0.035
1.91 (1.10–3.43)
0.015
2.20 (1.19–4.10)
NA

<0.0 0 01
25.6 (6.53–100.1)
<0.0 0 01
8.6 (3.06–24.5)
<0.0 0 01
18.6 (6.40–54.0)
0.007
4.07 (1.41–11.70)
0.14

2 (14.3)

42 (3.0)

0.07

Prior healthcare contact
At less one
Healthcare-associated risk
factorsc
1-Hospitalization in the past 12
months
2-History of MRSA
infection/colonization
3-Surgery in the past 12
months
4-Hemodialysis in the past 12
months
6- Residence in old age home
or rehabilitation center
Presence of a medical deviced

Previous antibiotic exposure in
the past 12 months
Any β -lactam

440 (31.0)

30 (50.0)

410 (30.2)

284 (20.0)

21 (35.0)

263 (19.4)

Any quinolone

44 (3.1)

2 (3.4)

42 (3.1)

0.015
3.40 (1.43–8.10)
0.25

27

CA-MRSAG and HA-MRSAG community-associated and healthcare-associated methicillin-resistant S. aureus genotypes.
-Variables associated with MRSA, CA-MRSAG and HA-MRSAG genotypes with a P value of ≤ 0.05 in univariate analysis are shown in boldface font.
-NA: Not applicable.
a
Unsatisﬁed/Unmet Basic Needs were deﬁned according to the methodology used by INDEC [INDEC 1984, 2001 and 2010] and they were considered as direct indicators of poverty (CEPAL 2013). Households with Unsatisﬁed
Basic Needs are households that present at least one of the following deprivation indicators: (1) overcrowding: homes with more than 3 persons for each room in the house, (2) housing: households that inhabit an inconvenient
type of dwelling (it includes: room of tenancy, hotel or boarding house, the squares, the premises or dwellings not built for housing purposes, the mobile homes, precarious housing or other type of dwelling, which excludes
house and apartment). (3) sanitary conditions: Households that live in a house without any type of toilet. (4) school attendance: households that have at least one child of school age (6–12 years) who is not attending school,
(5) subsistence capacity: those households with four or more persons per employed member – excluding domestic service –, whose head of household does not have primary education.70–72
b
Patients with at less one of the following underlying diseases: Chronic respiratory diseases: Asthma and Obstructive Pulmonary Disease (COPD), Cardiovascular diseases, Cancer, liver or kidney disease, diabetes mellitus,
chronic central nervous system disease, immunodeﬁciencies (HIV, AIDS and rheumatoid arthritis).
c
Presence of/Patients with at less one Healthcare-associated risk factor (HRF) according CDC criteria.24
d
Patients with the Presence of at less one medical device (Long-term Indwelling device, Central venous catheter, Urinary catheter) at admission or in the past 12 months.
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Chronic respiratory diseases
Asthma
Obstructive pulmonary
disease (COPD)
Cardiovascular diseases
Diabetes mellitus
Cancer
Skin lesion present

0.0 0 09
2.50 (1.45–4.33)
0.80
0.0045
2.10 (1.25–3.50)
0.28

0.26
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Table 3
Multivariable logistic regression of the risk factors associated with MRSA (also CA-MRSAG and HA-MRSAG genotypes) carriage on hospital admission, Cordoba, Argentina.
Risk factor
Socio-demographic data
Age group, < 19
UBNs (at least one)
Underlying diseases
Chronic respiratory diseases Asthma
Prior healthcare contact
History of MRSA infection/colonization
Residence in old age home or rehabilitation centre
Presence of a medical device
Previous antibiotic exposure (during the last year)

P value/multivariate odd of
MRSA, OR (95% CI)

P value/multivariate odd of
CA-MRSAG, OR (95% CI)

<0.0001/ 4.07 (2.14–7.74)
<0.0001/ 3.35 (1.80–6.22)

0.004/ 2.92 (1.40–6.01)
0.032/ 2.00 (1.06–3.78)

0.032/ 2.91 (1.10–7.77)
0.001/ 10.83 (2.68–43.65)
<0.0001/ 11.59 (3.04–44.14)
0.017/ 2.11 (1.14–3.09)
0.009/ 2.19 (1.22–3.92)

P value/multivariate odd of
HA-MRSAG, OR (95% CI)

0.021/ 7.91 (1.37–45.6)
0.025/ 6.57(1.26–34.15)
0.001/ 10.69(2.53–45.01)

0.029/ 7.8 (1.23–49.4)/
0.001/ 18.43 (3.10–109.1)

0.039/ 1.94 (1.06–3.66)

CA-MRSAG and HA-MRSAG community-associated and healthcare-associated methicillin-resistant S. aureus genotypes. CI: conﬁdence interval, OR, odds ratio.

Figure 1. Longitudinal changes in MRSA-clones colonization status during hospital stay: admission, acquisition, permanence and discharge, Cordoba, Argentina, 2014.

the adult population across all hospitals. We aimed to estimate the
higher probability of cross-transmission and acquisition in children
than in adults independently of the presence in each hospital of
the other collective risk factors previously shown to be involved in
the acquisition of MRSA (Table 1 and Supplementary Table S3).
Microbiological methods
Samples were collected and processed in local laboratories.
The laboratory of each hospital was provided with standardized
culturing supplies, data collection tools, and training. Three body
sites were cultured for S. aureus: one swab was placed in both
nostrils and rotated 3 times in each one; a second swab was
obtained from a 10 cm2 area of skin bilaterally and the third was
obtained by swabbing the posterior pharynx from the throat.
The three swabs (nasal, throat and inguinal) were cultured in
separate tubes of tryptic soy broth with 6.5% sodium chloride to
increase culture sensitivity. After overnight incubation, they were

inoculated onto chromogenic CHROMagarTM Staph aureus for detection of S. aureus (CHROMagar Microbiology, Paris, France). After
subculture, S. aureus was conﬁrmed by colony morphology and
standard biochemical methods. Antimicrobial susceptibility testing
was performed by disk diffusion method including ceftaroline.28
Vancomycin minimum inhibitory concentrations (MICs), were
determined by agar dilution method. Mupirocin susceptibility
was determined by E-test method (bioMerieux) with the following deﬁnitions: high-level resistance, MIC ≥512 μg/mL; low-level
resistance, MIC = 8–64 μg/mL; susceptible, MIC ≤4 μg/mL.29
Molecular typing
In all MRSA isolates, PFGE of SmaI digests of chromosomal DNA
and spa typing were performed and interpreted as previously described.21 , 22 The spa types were attributed using the RIDOM web
server (http://spaserver.ridom.de/). The spa server was also used to
predict sequence types (STs). When STs could not be determined
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if the MRSA strains isolated from the wound at admission and
those recovered from the nares also at admission and at discharge
after 8 days of hospitalization belonged to the same subtype. Nonepidemiologically linked isolate (NE1300), matched for spa type,
MLST and SCCmec type, and previously sequenced CC5 isolates30
were included in the analysis to provide a comparison for expected
distances within the same clone (based on spa type and MLST).
Sequencing, alignment and phylogenetic tree

Figure 2. Comparison of isolates from the same patient over time by wholegenome sequencing (A) Venn diagram showing the shared and different alleles between samples. For example, position 123299 of sequence NC_002745.2 is a G in
ADM-C and A in DIS-C and W-INF, which means that is one of the 12 exclusive
mutations in ADM-C, and one of the 12 shared between the other two (W-INF and
DIS-C). The ones shared between all samples are not taken into account, since they
are not useful to differentiate them. (B) Total SNPs differences timeline (t in days).
Notice that the ﬁnal number is the sum of exclusive alleles between samples. (C)
Context unrooted phylogenetic tree. Samples and SNPs count differences are described in Table S4.

from the spa server or from the literature, the genetic background
of the isolates was determined by MLST as previously described.22
Allele numbers and sequence types (ST) were assigned using the
database maintained at http://saureus.mlst.net/, while clonal complexes (CC)s were inferred using eBURST analysis.
All MRSA isolates were screened by PCR for accessory gene
regulator (agr) type, for 24 speciﬁc staphylococcal virulence genes
(detailed in Table 4), including Panton-Valentine leukocidin genes
(lukS-PV-lukF-PV), sasX and for arcA gene (indicator of the arginine
catabolic mobile element, ACME), as described elsewhere.13
The SCCmec types (I–VI, including the new variant of SCCmec
IV (IVNv) associated to ST100 in Argentina) were evaluated for all
MRSA isolates by multiplex PCR and by allotyping (to identify mec,
ccr, and the J1 region of I-XI SCCmec types) by conventional PCR as
previously described.13
We used a genotypic deﬁnition for the identiﬁcation of CAMRSAG and HA-MRSAG as previously described.13 Brieﬂy, CAMRSAG were deﬁned as belonging to the following genotypes:
ST5-IV-t311 and related, PVL+/− , ST30-IV-t019 and related, PVL+/− ,
ST72-IV-t148 and related, PVL¯, ST8-IV-t008, PVL+/− , ST97-IV-t267
and related, PVL¯, ST59-IV-t437, PVL¯, ST207-IV-t525, PVL¯, ST1649
(SLV of ST6)-IV-t701, PVL¯.11 , 13 All remaining genotypes were considered HA-MRSAG .11 , 13
Whole-genome sequencing (WGS)
Four isolates, belonging to PFGE type I1-ST5-IVa, spa t311, three
of them from the same patient with active CO skin and softtissue infection (SSTI) and one non-epidemiologically linked isolate
(NE/1300), were analyzed by WGS to investigate their phylogeny.
The three isolates from the same patient were recovered, one from
a wound (W-INF) and two from nasal colonization (at admission,
ADM-C and at discharge, DIS-C), Fig. 2. We aimed to determine

Sequencing was performed using the Illumina HiSeq platform.
Genomic DNA was isolated with Qiagen DNeasy Blood and Tissue kits. Sequencing libraries were prepared with Illumina Nextera
XT DNA sample preparation kits (Illumina, San Diego, CA, United
States) and sequenced (100 nucleotide reads) with HiSeq 2000 instruments at the Genomics and Bioinformatics Laboratory at INDEAR, Rosario, Argentina.
Templated assemblies of the short reads were performed versus N315 (GenBank accession number NC_002745.2) with BWA31
and processed with Samtools.32 Variant call was made using
GATK33 and annotated using SnpEff.34 A consensus of 75% and 30
reads were required to support an SNP (single-nucleotide polymorphism), and calls were made under a haploid model.
Reads from other four CC5 samples from Argentina: DAR3144,
DAR3162, DAR3156 and DAR317030 were downloaded from NCBI
and were analyzed using the same pipeline. Because SNPs differences of up to 40 may be detected within an individual,35 isolates
were deﬁned to be of the same subtype if they differed by no more
than 40 SNPs, equating to roughly 5 years of evolution.9
Maximum likelihood trees from ADM-C, W-INF, DIS-C, NE1300,
DAR3144, DAR3162, DAR3156 and DAR3170, were estimated from
the mapped whole genomes alignment using RAxML36 (Fig. 2(C),
Supplementary Tables S4 and S5). Brieﬂy, ﬁrst, we built a multiple sequence alignment (MSA) using the VcfKit37 software (“phylo
fasta” command), with all the variants calls from the previous step
(ADM-C, W-INF, DIS-C, NE1300, DAR3144, DAR3162, DAR3156 and
DAR3170). That procedure discards INDELS, and keeps all the remaining SNPs (genic and intergenic). From that MSA, we calculated a maximum likelihood tree using RAxML 4.0,36 using GTRCAT
model and default parameters.
To estimate mode of selection within host, the number of
synonymous and non-synonymous SNPs was tabulated (Table S5)
and the relation dN /dS was determined using Nei and Gojobori
method.38
Statistical analysis
Bacteriologic and patient data were compiled in an electronic
database using Access (Microsoft). The prevalence of colonization
at admission and incidence of acquisition of MRSA were determined. Univariate (Table 2) and multiple logistic regression analyses (Table 3) were used to investigate the risk factors for MRSA
carriage; both on single risk measure and all risk measure (Supplementary Table S6 antes S3) among patients admitted to eight
tertiary medical centers in Córdoba, Argentina. In addition, Univariate and multiple logistic regression analysis to investigate the
risk factors for CA-MRSAG or HA-MRSAG carriage, were also performed (Tables 2 and 3). Continuous variables were compared using Student’s t-test or one-way analysis of variance (ANOVA) and
the Mann–Whitney U test or the Kruskal Wallis test for nonparametric data, as appropriate. Dichotomous or categorical variables
were compared using χ 2 analyses or Fisher’s exact test, as appropriate. P<0.05 was considered statistically signiﬁcant. Categorical variables that were signiﬁcant on each univariate analysis (P
< 0.05) performed between paired strain groups, were included
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Table 4
Prevalence and molecular characteristics of imported and acquired MRSA isolates, Córdoba, Argentina.
Traditional Name of each clone

USA600/
CMRSA1

Pediatric clone
Argentinean
variant

Related to
LA-MRSA
CC97

Imported MRSA, n: 60
HA-MRSAG 14(23.3)
4(6.7/28.6)
1(1.7/7.1)

9(15.0/64.3)

4(0.28)

1 (0.07)

2(0.29)
2(0.26)
0.91

0
1(0.13)
NA

CA-MRSA clone in
Argentina like
USA800

Southwest
Paciﬁc-(SWP)/USA
1100 clone

CA-MRSA clone in
South Korea like
USA700

Latin American
variant USA300-LV

Asian-Paciﬁc
clone/USA10 0 0

ST207-IV

ST1649-IV

CA-MRSAG 46(76.7)
4(6.7/8.7)
17(28.3/37.0)

12(20.0/26.1)

8(13.3/17.4)

3(5.0/6.5)

1(1.7/2.2)

1(1.7/2.2)

0(0.0)

9(0.62)

4(0.28)

17(1.20)

12(0.84)

8(0.56)

3(0.21)

1 (0.07)

1 (0.07)

0(0.0)

7(1.04)
2(0.26)
0.12

2(0.29)
2(0.26)
0.91

14(2.10)
3(0.40)
0.0054
5.3 (1.6–17.1)

7(1.04)
5(0.70)
0.34

6(0.90)
2(0.26)
0.20

1(0.15)
2(0.26)
0.89

1(0.15)
0
NA

1(0.15)
0
NA

0(0.0)
0(0.0)

2(20.0)

2(20.0)

14(20)
N
N4f , g 9(64.3)
N41 2(14.3)
N42 2(14.3)
N30g 1(7.1)

10(14.2)
R
R1 7(70)
R6 3(30)

3(4.4)
USA300-LV
USA300-23 2(66.7)
USA300-3 1(33.3)

1(1.4)
W
W1 1(100)

1(1.4)
Y
Y4 1(100)

1(1.4)
QQ
QQ1g 1(100)

30/30
IVc 10(71.4)
IVa 4(28.6)
t019 10(71.4)
t238 3(21.4)
t3378 1
10(71.4)
3
egc-lukDE-bbp-cna

72/8
IVc 10(100)

8/8
IVc 2(66.7)
IVb 1
t304 2(66.7)
t008 1

59/59
IVa 1

207/509
IVa 1

1649/5
IVc 1

t437

t525

t701

0(0)
1
lukDE
sek-seq-sed-sej-bsa
2(66.7)
lukDE-sea-sec-bsa
1(33.3)

0(0)
1
LukDE

0(0)
3
egcd -cna

0(0)
1
lukDE-sebsea-bsa-cna

Acquired, MRSA n: 10
Genetic Typea n (%)
n (%) of total acquired MRSA
a

Genetic Type n (%)
n(%) of total MRSA, n: 70
PFGE typea
PFGE subtypea n (%)

CA-MRSAG 10(100.0)
1 (10.0)
4(40.0)
Total MRSA, n: 70
HA-MRSAG 14(20.0)
4(5.8)
A
A5 1(25)
A93 1(25)
A94 1(25)
A95 1(25)

1(1.4)
AA
AA1 1(100)

9(12.8)
C
C1 2(22.2)
C15 3(33.3)
C30 2(22.2)
C7 2(22.2)

ST/CC
SCCmec typea n (%)

5/5
I 5(100)

45/45
IIv 1

RIDOM spa typea :
n (%)

t149 4(100)

t2233

100/5
IVnv 8(88.9)
NT 1
t0 02 9(10 0)

Pvla n (%)
agr type
Virulence genes proﬁlec : n (%)

0(0)
2
egc-lukDE

0(0)
1
egc-lukDE

0(0)
2
egc-lukDE

Drug resistance non-β -Lactame
(%)

GEN(75)
CLIC (75)
ERY(75)
CIP(75)

CLIC (100)
ERYC (100)
CIP(100)

CIP(44.4)
CLIC (33.3)
ERY(33.3)
GEN(78.0)
RIF(33.3)

CA-MRSAG 56(80.0)
5(7.2)
21(30)
DD
I
DD1 2(40)
I1f 12(57.1)
DD11 1(20)
I4f 3(14.3)
DD17 1(20)
I44 2(9.5)
DD19 1(20)
I2 2(9.5)
I29 1(5.9)
I68 1(5.9)
97/97
5/5
IVc 3(60)
IVa 19(90.5)
IVa 2(40)
IVc 2(9.5)
t359 2(50)
t311 15(71.5)
t938, t9638,
t002 5(23.5)
t3380
t2049 1
0(0)
15(71.5)
1
2
lukDE
sea-egc-lukDE
15(71.5)
egc-lukDE
6(28.5)
CIP(4.7)
CLII (38.1)
ERYI (38.1)
GEN(19.1)

CIP(7.1)
GEN (7.1)

t148 9(90.0)
t3169 1
0(0)
1
egc-lukDE

GEN(20.0)
CLII (30.0)
ERYI (30.0)

1(10.0)

CLIC (100)
ERYC (100)

SXT(100)

CC, Clonal Complex; ST, Sequence Type, PFGE type/subtype, Pulsed Field Gel Electrophoresis type and subtypes; RIDOM spa type: staphylococcal protein A (spa) type assigned through the RIDOM databases (http://spaserver.
ridom.de); SCCmec: Type of Staphylococcal Cassette Chromosome mec (SCCmecNT: it was not possible to ascertain a class of mec complex or a type of ccr); pvl, Panton Valentine leukocidin genes (lukS-PV-lukF-PV); agr type,
type of accessory gene regulator allotype. NA: Not applicable.
a
n (%), number and% of strains with this molecular characteristic [Genetic type, PFGE type, PFGE subtype, spa type, SCCmec type or pvl genes] of each MRSA clone in each isolates group (imported, acquired and total MRSA).
(%) is not expressed when only one isolate with this characteristic was detected.
b
n (%), number and% of total population (n: 1419), or children (n: 670) or adult (n: 749) colonized by each genetic background.
c
Virulence genes proﬁle: the enterotoxins: sea, seb, sec, sed, see, seh, sej, egc (seg-sei-sem-sen-seo) and sek; toxic shock syndrome toxin 1(TSST-1): tst; exfoliative toxins: eta and etb; leukocidin: lukE-lukD and the class F
leukocidin: lukM; bacteriocine (bsa), adhesins: for collagen (cna), and for bone sialoprotein-binding protein (bbp), surface protein sasX (sasX) and the arcA gene (indicator of the arginine catabolic mobile element, ACME) were
analyzed and those detected are indicated (number and% of positive isolates is expressed when not all isolates harbor this virulence factor).
d
The egc locus appears to be present in a variant or truncated form with only genes sem, sei and seo being detectable.
e
Drug resistance to non-β -Lactams (%), is indicated as follows: Gentamicin (GEN), Erythromycin (ERY), Clindamycin (CLIc and CLIi: constitutive and inducible resistance to macrolide, lincosamide and streptogramine B,
respectively), Ceftaroline (CPT), Ciproﬂoxacin (CIP), Rifampin (RIF), Trimethoprim/Sulfamethoxazole (SXT), Minocycline (MIN), and Chloramphenicol (CHL), (%) of strains resistant to these antibiotics within each genetic background
is indicated when more than one isolate was detected.
f
MRSA PFGE subtypes causing imported infections.
g
MRSA PFGE subtypes causing acquired infections.
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Genetic Typea n (%)
n (%) of imported MRSA (n: 60)
/ (%) of each genotype,
HA-MRSAG (n: 14) or
CA-MRSAG (n: 46)
n (%) of totalb population (n:
1419)
n (%) of childrenb (n: 670)
n (%) of adultb (n: 749)
Children vs. adult,
P value,
OR (95% CI)

Cordobes/Chilean
clone
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in the multiple logistic regression analysis for each situation compared. In all comparisons, the information about the variables considered was available for over 80% of the cases. A Hosmer and
Lemeshow Goodness of Fit test indicated an acceptable ﬁt to the
data. Data were analyzed using SPSS (version 15.0) and InfoStat
(www.infostat.com.ar).
Results
MRSA colonization at admission
During the study period of three months, a total of 1419 patients were screened upon admission, of which 534 were admitted for ≥3 days. Median age of all patients was 24 years (range, 1
month to 99 years), 670 were children (< 19 years) (47.2%) (Table 2
and Supplementary Fig. S1(A) and (B)) and 43.3% (n: 614) were female. Of these 1419 patients, 438 (30.9%, 95% CI: 28.6–33.4%) were
colonized at admission by S. aureus and 60 (4.2%, 95% CI: 3.3–5.4%)
carried MRSA. The carriage of MRSA at admission was signiﬁcantly
higher in pediatric (6.1%, 95% CI: 4.5–8.2%) than in adults (2.5%,
95% CI: 1.6–3.9%) patients (Table 1). In addition, MRSA prevalence
on hospital admission across all hospitals ranged from 1.6% to 11.0%
(Supplementary Table S1). Three patients had imported MRSA infections (Table 4, Fig. 1 and Supplementary Table S2).
The combination of the results obtained by all the typing methods used showed that the majority of MRSA from importer patients (46/60, 77%) were classiﬁed as CA-MRSAG , while 14 (23%) as
HA-MRSAG (Table 4). Considering all cases (n: 1419, 670 pediatric
and 749 adult patients), 3.2% (n: 46) were colonized by CA-MRSAG
(4.8% for pediatric vs. 1.9% for adult patients, P = 0.002); and 1%
(n: 14) by HA-MRSAG (1.3% for pediatric vs. 0.7% for adult patients,
P = 0.19) (Table 1 and Supplementary Fig. S1).
The most common anatomic sites for MRSA colonization were
nares (63.3%) and throat (43.3%). Exclusive non-nasal colonization
was found in 35% (21/60) of colonized patients, among these 17
and 4 patients were colonized only in the throat and inguinal region, respectively. In addition, 10 patients had colonization at two
of these sites (7 in nares-throat and 3 in nares-inguinal region) and
two patients in the three anatomic sites analyzed. Considering that
38 (2.8%) of 1419 patients were culture positive by nasal swab, 55
(3.9%) were culture positive when throat swabs were included and
60 (4.2%) were culture positive when inguinal swabs was included,
the sensitivity of nasal swabbing for detection of carriage at any
anatomical site was only 63.3% (95% CI 49.9–75.4%).
Risk factors
Univariate analysis of the 22 risk measures analyzed on the aggregated data of all of 8 hospitals, 11 were associated signiﬁcantly
with admission MRSA colonization or infection, with odds ratios
(ORs) ranging from 2.10 to 13.8 (Table 2). In multivariate analyses, only 7 of the 11 risk measures remained independently associated with admission MRSA, with ORs ranging from 2.11 to 11.59
(Table 3). To assess the usefulness of the various risk measures
for increasing the eﬃciency of admission surveillance culturing for
MRSA, accuracy (sensitivity and speciﬁcity) and screening burden
of different combinations of risk factors were analyzed (Supplementary Table S6).
Additionally, the CA-MRSAG carriers, compared with those not
colonized by CA-MRSAG , were independently associated with age
< 19 years (OR 2.92), presenting at least one UBN (OR 2.00), MRSA
infection or colonization history (OR 6.57), residence in old age
home or rehabilitation center (OR 10.69) and prior use of antibiotics (OR, 1.94) (Table 3). Moreover, the patients presenting chronic
respiratory diseases such as asthma (OR, 7.9), with MRSA infection
or colonization history (OR 7.8) and presence of a medical device
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(OR, 18.43) were more likely to be colonized by HA-MRSAG upon
admission (Table 3).

MRSA acquisition, loss and colonization at discharge
In the longitudinal study we limited the analysis to the 534 patients who were admitted for ≥3 days. The patients admitted for
≥3 days (n: 534) were similar than those admitted for <3 days (n:
885) during the study, regarding gender [female, 232 (43.4%) and
382 (43.2%), respectively, P = 0.98] and age [Mean ± SD/ Median
(range); 31.2 ± 31.7/18 (0.1–99) and 31.1 ± 28.1/26 (0.1–97), respectively, P = 0.92; 269 (50.4%) and 410 (46.3%) were children (< 19
years), respectively P = 0.15].
Among the 534 patients, 162 were S. aureus carriers at admission (30.3%, 95%CI: 26.4–34.3%), and 26 carried MRSA (4.9%, 95%CI:
3.4–7.1%). From these MRSA isolates, 22 (4.1%) were characterized
as CA-MRSAG and 4 (0.7%) as HA-MRSAG (Table 1). Higher levels
of MRSA carriage were detected in children than in adults (7.1%
vs. 2.6%, P = 0.016), related to the greater CA-MRSAG prevalence in
children than adults (5.9% vs. 2.3%, P = 0.03, (Table 1).
During hospital stay, ten patients acquired MRSA. Of these, the
mean and median age were 8.6 ± 13.8/ 3.0 (0.8–45) years [Mean
± SD/ Median (range)], 9 were children (< 19 years) (90.0%), and
40.0% (n: 4) were female. All acquired MRSA were characterized as
CA-MRSAG (Table 4). Of these patients, seven were detected by colonization at discharge, and three had acquired infections and were
identiﬁed from diagnostic samples (Fig. 1, Table 4 and Supplementary Table S2).
The overall number of patient-days at risk for acquisition of
MRSA during hospital stay was 4250 (1686 and 2564 for pediatric
and adult patients, respectively). Therefore, the overall MRSA (all
identiﬁed as CA-MRSAG ) acquisition rate was 2.3 per 10 0 0 patientdays (95%CI: 1.5–3.4 per 10 0 0 patient-days), being signiﬁcantly
higher among pediatric than in adults patients (5.3 vs. 0.4 per
10 0 0 patient-days) (Table 1). The acquisition rates of MRSA for individual hospital ranged from 0 to 6.7 per 10 0 0 patient-days (Supplementary Table S1). In addition, the overall prevalence of MRSA
colonization or infection through acquisition, deﬁned as the percentage of at-risk patients (they were not colonized with MRSA at
admission) who acquired MRSA, was 1.96% (95%CI, 1.0–3.4%), 3.6%
for pediatric vs. 0.4% for adult patients, P = 0.02 (Table 1).
The colonization pressure (CP) of MRSA varied greatly between
hospitals (from 1.35% to 33.7%) according to the variation range
of MRSA prevalence upon admission. However, the overall CP
across all hospitals was 12.9% (95%CI: 11.9–13.9%) being signiﬁcantly higher in children (16.9%) than in adults (10.1%), P<0.0 0 01,
during the entire study (Table 1 and Suplementary Table S3). In addition, the CP of CA-MRSAG was signiﬁcantly higher [11.3%, (14.1%
for pediatric vs. 10.4% for adult patients, P = 0.0 0 05)] than the CP
of HA-MRSAG [1.7%, (1.5% for pediatric vs. 0.9% for adult patients,
P = 0.1)] (Table 1).
New MRSA acquisition in the study population was balanced by
spontaneous decolonization (Fig. 1 and Supplementary Table S2).
Of these 26 MRSA carriers at admission and admitted for ≥3 days,
34.6% (n: 9, eight with CA-MRSAG and one with HA-MRSAG ) remained colonized until discharge, including one patient with CO
infection (SSTI), after systemic treatment with clindamycin (Fig. 1
and Supplementary Table S2). Consequently, of the 534 patients
admitted for ≥3 days, 17 (3.2%) were colonized by MRSA at discharge [16 (3.0%) with CA-MRSAG and 1 (0.2%) with HA-MRSAG ]
(Fig. 1 and Supplementary Table S2).
To estimate whether there was a difference in transmissibility
between the strain types, we compared the proportions of CAMRSAG and HA-MRSAG strains among patients with imported vs.
those with acquired MRSA. CA-MRSAG strains accounted for 22 of
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26 (84.6%) MRSA strains identiﬁed on admission but all (100.0%) of
hospital-acquired strains were CA-MRSAG .
Genotyping of MRSA strains
A total of 94 MRSA strains were genetically analyzed from 60
importers, 10 acquirers and 9 patients, who remained colonized
during hospital stay. The molecular characteristics: clonal complex
(CC) and sequence type (ST), as deﬁned by MLST, PFGE type and
subtype, spaA and SCCmec types, presence of pvl genes, agr allotype, virulence genes proﬁle along with the drug resistance pattern of all CA-MRSAG and HA-MRSAG (imported and acquired) are
shown in Table 4 and Suplementary Table S2. The isolates recovered from each patient over time (admission and discharge)
and within-host across body sites (nares-throat, nares-inguinal and
nares-throat-inguinal) were genetically indistinguishable by PFGE,
MLST, spa and SCCmec typing, then one MRSA for patient was described in Table 4 and Suplementary Table S2.
Of the 60 MRSA isolates recovered on admission (Table 4), 17
(28.3%) belonged to CA-MRSA clone PFGE type I-ST5-IV, 12 (20.0%)
to CA-MRSA clone PFGE type N-ST30-IV, 9 (15.0%) belonged to
HA-MRSA Pediatric clone Argentinean variant, C-ST100-IV and the
remaining MRSA isolates belonged to the following genotypes:CAMRSA R-ST72-IVc, 8 (13.3%); HA-MRSA A-ST5-I, 4 (6.7%); CA-MRSA
D-ST97-IV, 4 (6.7%); CA-MRSA USA300 ST8-IV-LV, 3(5.0%), HAMRSA USA600-AA-ST45-IIv; CA-MRSA W-ST59-IVa and CA-MRSA
Y-ST509-IVa (one isolate each). The source, age of the patient and
causing genotype each of the three cases of imported infections
were: (1) skin and soft tissue infection: abscess and cellulites,
1 month, I1-ST5/CC5-IVa-t311/pvl, (patient remaining colonized
at discharge after treatment with systemic antibiotic, shown in
Fig. 2), (2) bacteremia complicated with cerebral and pulmonary
abscesses and sepsis, 24 years, I4-ST5/CC5-IVa-t311/ pvl and (3)
conjunctivitis, 1 year, N4-ST30/CC30-IVc-t019/pvl.
When stratiﬁed by age, the colonization proportion of CA-MRSA
clone ST5-IVa was greater for children than adults (2.1%, 14/670, vs.
0.4%, 3/749, P = 0.0054, Table 4). MRSA genotypes recovered from
the 9 patients who remained colonized until discharge are detailed
in Fig. 1, and Supplementary Table S2.
In addition, the source, patient age and causing genotype of
each case of hospital-acquired infection were: (1) surgical-site
infection, 45 years, N30-ST30/CC30-IVc-t019/pvl, (2) post-surgical
meningitis, 5 years, QQ1-ST1649/CC6-IVc-t701 (patient remaining
colonized at discharge after treatment with systemic antibiotic),
and (3) acute hematogenous osteomyelitis, 3 years, N4-ST30/30IVc-t019/pvl (Table 4).
Comparison of isolates from the same patient over time by
whole-genome sequencing
One patient (CIBICI3867) was infected (active skin and softtissue infection, W-INF) and colonized at admission (ADM-C) and
at discharge after 8 days (DIS-C) by CA-MRSAG PFGE type I1 ST5IVa, spa-t311 with pvl genes. These isolates belonged to the same
subtype by WGS, based on the SNPs difference fewer than 40.
The average SNP divergence between each pair of these isolates
(pair of nares and wound isolates at admission) within-host and
over time (pair of nares at admission and at discharge) was 18.67
(9, 33 per genome), with a maximum of 21 (Fig. 2(A) and (B)), We
detected a total of 7 synonymous SNPs and 5 non-synonymous
SNPs (Table S5), allowing for this gives a dN /dS of 0.12, using
NG86 method,38 Biopython implementation39 within-host, below
1. This suggests the dominance of purifying selection against
changes in encoded proteins. Moreover, these isolates differ by
more than 150 SNPs (Fig. 2(C) and Supplementary Table S4) from
the non-epidemiologically linked isolate (NE1300) that matched

for spa-type, MLST and SCCmec type and from the other isolates
of CC5 MRSA clones circulating in Argentina (DAR3144, DAR3162,
DAR3156 and DAR3170, (Fig. 2(C)). Moreover, the W-INF differed
by 9 SNPs from both colonizer isolates, so they had 9 exclusive
SNPs (Fig. 2(B)). These mutations are described in Supplementary
Table S4 antes S5. It is unclear if any of the listed mutations
are important for colonization of the nares or infection of the
wound. Interestedly, one of the mutations, that caused a conservative_inframe_insertion, present only in the wound isolate,
is in a gene, SAR1022, sspA, with homology to serine protease,
which along with other extracellular proteases it is involved in
colonization and infection of human tissues.40
Antimicrobial resistance to non-β -Lactam agents
From all CA-MRSAG isolates (n: 46) recovered, 30% (14/46) were
resistant to at least one non-β -lactam antibiotic, and 4.3% (2/46)
to at least two of these agents. Resistance to erythromycin (ERY24%, 11/46), clindamycin (CLI-24%, 11/46, 90% of inducible resistance), gentamicin (GEN-6.5%, 3/46) and ciproﬂoxacin (CIP-4.3%,
2/46) were detected. From all HA-MRSAG isolates, 50%, 7/14, 50%,
7/14, 57%, 8/14, 57%, 8/14 and 21%, 3/14 were resistant to ERY, CLI
(100% of constitutive resistance), GEN, CIP and rifampin, respectively. From all HA-MRSAG isolates, 86% were resistant to two or
more non-β -lactam antibiotics. All MRSA isolates were susceptible (MIC90 and range in μg/mL) to mupirocim (0.38; 0.094–0.5)
and vancomycin (1; 0.5–2). The antimicrobial resistance proﬁles of
these MRSA clones (Table 4) were comparable to those described
in our previous studies.13 , 22
Discussion
Despite increasing prevalence of CA-MRSAG infections worldwide,11 , 13 current understanding of CA-MRSAG carrier’status
at admission and its role in healthcare acquired infections
(Healthcare-associated-hospital-onset/HAHO) remains unclear. It
is necessary to elucidate when, how and where the colonization
is acquired to focus MRSA prevention efforts In addition, there
are few studies reporting data about the colonization at hospital admission, both in children and adults,7 , 41 particularly from
developing countries.18 , 42 This longitudinal study provides the
ﬁrst comprehensive description, in Argentina (Córdoba), about the
molecular epidemiology and the risk factors for MRSA carriage,
considering CA-MRSA and HA-MRSA genotypes, upon hospital
admission and its relationship with HAHO infections.
The most relevant ﬁnding was the demonstration that CAMRSA clones, particularly ST5-IV-PVL+ and ST30-IV-PVL+ , with
main reservoir in the community, not only have entered but also
are truly acquired within the hospital and are likely transmitted in
hospital setting causing healthcare acquired infections. This knowledge is essential to develop appropriate infection prevention and
control programs, which should consider not only the hospital but
also de community.
Compared to European (12.7–29.8%), North American (28.6–
37.1%) and Asian (23.1–35.7%) countries the prevalence of S.
aureus colonization in Córdoba, Argentina (30.9%) is in the upper range.43 , 44 Importantly, the prevalence of MRSA carriage
among 1419 patients admitted to eight tertiary medical centers
in Córdoba, Argentina was 4.2% and ranged from 1.6% to 11.0%
across all hospitals. These prevalence values were consistent with
previous reports from the United States (4.2–7.3%) and Europe
(1.3−2.1%).7 , 44 , 45 Moreover, in line with other studies, we found
that, if only a nares-culture had been surveyed in our population
we would have missed 35% of MRSA colonized persons.9 , 46
In addition, this study identiﬁed that, of all admitted patients,
3.2% were colonized by CA-MRSAG , and only 1% by HA-MRSAG , so
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CA-MRSAG accounted for 77% of MRSA isolates. Moreover, MRSA
strains from colonization had an antibiotic resistance proﬁle highly
similar to MRSA strains reported in clinical samples13 and multiresistance occurred exclusively in HA-MRSAG isolates. Notably, no
mupirocin resistance was detected.
The overall MRSA acquisition rate was 2.3 (95% CI: 1.5–3.4)
per 10 0 0 patient-days and the percentage of at-risk patients who
acquired MRSA was 1.96% (95%CI, 1.0–3.4%). Importantly, 100% of
MRSA acquired were CA-MRSAG . This ﬁnding conﬁrmed our previous results13 and also support an earlier report, that identiﬁes the
community as the most likely reservoir for CA-MRSAG colonization.14 Additionally, in the present study we also concluded that
these strains not only have entered but also are truly acquired in
the hospital setting causing HAHO infections.
Thus, it is fundamental to know the speciﬁc population at risk
of CA-MRSA acquisition to undertake an intensively targeted approach. The results of this study demonstrate that the pediatric
population, particularly between 1 and 18 years, remains as the
highest risk group for CA-MRSAG colonization upon admission,
causing greater level of CP and higher CA-MRSAG acquisition rates
in the hospital setting. Consequently this population becomes the
highest risks group for HAHO CA-MRSAG infections. These results
strengthen our previous report and others studies as well, highlighting the need to ﬁnd better methods to prevent MRSA infections in children.3 , 13 , 45 , 47
In risk-factors (RFs) analysis, seven risk-measures were independently associated with MRSA colonization at admission:
the patients aged < 19 years (predominantly between 1 and 18
years), presence of at least one UBN (considered as direct indicators of poverty), residence in old age home or rehabilitation center,
prior use of antibiotics, history of MRSA infection or colonization
in the previous year, presence of a medical device and presenting
a chronic respiratory diseases such as asthma. In addition, the ﬁrst
four RFs and the last two RFs were associated with CA-MRSAG and
HA-MRSAG carriage respectively, reﬂecting different origins and
transmission niches of these genotypes. Moreover, these ﬁndings
support our preceding results in Argentina and are in line with a
recent spatial analysis in UK, in which some socio-demographic
characteristics (overcrowding, low income among others) were
RFs for CA-MRSAG infections13 , 48 . Consequently, in this study,
differences in patient’s characteristics attending each hospital
could be considered as a possible explanation for the range of
MRSA carriage on admission (1.6–11%). For instance, the lowest
level detected in H1 (1.6%) could be related to the low frequency
of children admitted in H1 [children (n: 25) and adults (n: 474)].
Similarly, the highest level in H8 hospital (11%) could be related to
the frequent presence of two RFs, at least one UBNs (53.3%) and
previous antibiotic exposure (57.5%) among admitted patients.
The burden of HAI in developing countries, such as Argentina
is higher than the reported from European countries or from the
USA.42 In a recent report from Argentina, HAIs rates in pediatric hospitalized patients were higher (8.6/10 0 0) than in adults
(2.3/10 0 0).49 After debating over the last years about which
admission screening approach is the most effective in decreasing
nosocomial MRSA transmission several studies suggest that RFsbased screening is clinically effective and can be a cost effective
strategy.1 , 47 , 50 , 51 Therefore, in agreement with previous reports
regarding usefulness of various risk measures for increasing the
eﬃciency for MRSA detection at admission, we found that individual RFs, used alone, lacked sensitivity to be useful in MRSA
carriage screening.50 Although the screening for the presence of
any of four RFs detected 98.9% (sensitivity) of MRSA carriage at
admission, it required surveillance cultures (screening burden) for
73.9% of admissions. A more affordable option could be to exclude
the age <19 years as RF, then using any of three remaining RFs
(Supplementary Table S6), the majority of MRSA carriers (90.0%)
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had at least one of them: (i) presents at least one UBN, as a direct
indicators of poverty, (ii) use of antibiotics in the previous year
and (iii) chronic respiratory diseases such as asthma, with surveillance culture burden of 57.6%.of admissions. These regional data
will provide information to direct resources for MRSA transmission
control strategies and thus contributing to the control of antibiotic
resistance worldwide.2 In addition, all this information, would be
useful to a more targeted and selective use of contact precautions
or decolonization in Argentina, where more than 50% of S. aures
infections are caused by MRSA, at both community and hospital
setting,13 in agreement with recent reports.52
On the other hand, little is known about the transmissibility
in hospital setting of distinct MRSA genotypes involved in each
region. There is evidence of lower transmissibility of CA-MRSAG
vs. HA-MRSAG strains in Danish hospitals,53 and for LA-MRSA
strains (ST398-IV) vs. non LA-MRSA in Dutch hospitals.54 In contrast, similar transmission dynamics for CA-MRSAG and HA-MRSAG
strains in a children hospital in the USA were found.55 Moreover, there are studies suggesting that direct person-to-person and
fomite-to-person transmission, with more survival ability of CAMRSAG strains on fomites,56 appears to play a more important role
than the nasal colonization for CA-MRSA infections and transmission.57 Therefore, if CA-MRSAG strains have greater transmission
capacity than HA-MRSAG strains, then the proportion of hospitalacquired CA-MRSAG should exceed that of prevalent-on-admission
CA-MRSAG strains. In this study, CA-MRSAG strains accounted for
84.6% of imported MRSA strains and 100.0% of hospital-acquired
strains, suggesting that CA-MRSAG strains have a transmission capacity greater or similar, but not lower than HA-MRSAG strains in
the hospital setting. In addition, 75% (3/4) and only 41% (9/22) of
patients importing HA-MRSAG and CA-MRSAG , respectively were
spontaneously decolonized at discharge. This ﬁnding could be
linked to a state of colonization more persistent or stable hoststrain relationship over time58 and probably, to a persistent carriage pattern. This one could be disclosed in this study on the basis of two positive cultures (on admission and at discharge) few
days apart, according to some studies59 and reference therein. This
type of nasal carriers are characterized by a high load of S. aureus
during two years or more, with an infrequent turnover of strains
(over six to nine months)60 and importantly, they have a higher
risk of infection compared to other carriers.6 On the other hand,
patients spontaneously decolonized in this study could be associated with the intermittent carriage pattern.6 The bacterial lineagespeciﬁc effect on carriage dynamics has already been demonstrated
for some CCs, the CC15 was more likely to be carried intermittently
and the CC22 persistently59 Consequently, the results of this study
suggest that some epidemic CA-MRSA clones could be more associated with a pattern of long-term colonization than HA-MRSA
clones, thus contributing to the success of CA-MRSA clones within
hospital and in the community. However, further studies are necessaries to conﬁrm this hypothesis.
New acquisitions and spontaneous decolonization of MRSA
in the study population were dynamic processes, in which the
loss was offset by new acquisition besides permanence over time
of some strains. Then, 34.6% (9/26) of MRSA importer patients
remained colonized [mostly (89%, 8/9) with CA-MRSAG ] until
discharge, with a high potential to acquire antibiotic resistance
during its hospital exposition. Moreover, 1.9% of no importer patients acquired MRSA (all CA-MRSAG ). Consequently, 3.2% (17/534)
of patients were discharged back to the community with MRSA
(94% identiﬁed as CA-MRSAG ), likely with increased risk of subsequent infection after discharge.7 Importantly, it may increase
the reservoir in the community for dissemination, not only within
community sites (households, schools, daycare facilities),58 but
also between hospitals through patients with multiple admissions.17 Therefore, to optimize infection control strategies for
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MRSA, interventions should be targeted at high-risk patients for
MRSA carriage. This practice would be useful to break the chain of
transmission between the hospital and the community.
The development of improved strategies to aim the spread
prevention will also depend on greater insight into the different
factors (strains microbiologic-molecular determinant, bacteriahost interactions and environmental factors) that contribute to
the success of these MRSA epidemic clones. In relation to the
molecular epidemiology of MRSA colonization upon admission
revealed that the majority of these MRSA strains belonged to major epidemic MRSA clones spread in Argentina: the two principal
CA-MRSA clones, PFGE typeI/ST5-IV-PVL+ (28.3%) and SWP PFGE
typeN/ST30-IV-PVL+ (20.0%) and one HA-MRSAG , the Pediatric
clone Argentinean variant C-ST100-IVNv (12%). In line with other
studies, the virulence genes proﬁle were strongly linked to the
clonal background.13 , 44
These results support our previous study about MRSA infections,13 in which, unlike Europe, where most MRSA strains found
in the community belong to HA-MRSA clones, particularly the
ST22-IV clone11 , 44 ; in Argentina13 as in North America countries11 , 61 CA-MRSAG clones are endemic and one (USA300 in the
USA) or two (ST5-IV and ST30-IV in Argentina) are predominant.11 , 13 When stratiﬁed by age, of the total of pediatric and adult
patients, a greater proportion of colonization in children than in
adults was only detected for the CA-MRSA clone ST5-IVa (2.1% vs.
0.4%). This preference for children colonization of this clone also
was previously detected for HO and CO infections.13
In this study, we demonstrated that 40% of MRSA acquisitions,
were caused by CA-MRSA-ST5-IVa-PVL+ clone (all cases associated to colonization), followed by CA-MRSA-ST30-IVc-PVL+ and
CA-MRSA-ST72-IVc-PVL− , 20% each one. S aureus infections were
already reported in non-carrier patients probably as result from
exogenous transmissions from the hospital environment.6 , 62 According to this, in the present study, two cases of hospital-acquired
infections caused by CA-MRSA-ST30-IVc/PVL+ clone were only detected from diagnostic samples with negative screening swabs,
suggesting that it does not come from a patient’s own microbiota but rather comes from the surrounding environment. This
fact could be associated with a great capacity of this CA-MRSA
clone to adhere to and survive on different environmental reservoirs, similar to USA300 clone,62 , 63 contributing to its successful
transmission. This characteristic besides a high virulence, previously reported for this clone,64 would support its epidemiological
success. On the other hand, 44% (4/9) of patients who remained
colonized during hospital stay were colonized by CA-MRSA-ST5IVa-PVL+ clone, probably linked to a persistent colonization status. All these results, in line with other studies,58 suggest clonelevel dissimilar environmental reservoirs, differences in its capacity of persistence and consequently in transmission, particularly in
children.
In one patient colonized and infected by CA-MRSA-ST5IVa/PVL+ clone, pairs of wound and carriage isolates at admission
and at discharge (nasal isolates) were also compared by wholegenome sequencing. Previous studies have measured S. aureus
mutation rates of 1.3 to 2 10−6 per site per year (or four SNPs
per genome per year) for several lineages (ST30, ST225, ST8USA300, ST5).30 However, in line with other studies (9 and
reference therein), we used a limit of >40 SNP differences to
detect within-host microvariation and to exclude a recent acquisition (transmission patient-patient or environment-patient),
given that SNP differences of up to 40 may be detected within
an individual.35 According to that study,35 all 3 isolates were <30
SNPs apart, with an average SNP divergence between each pair of
these isolates of 18.67 (9. 33 per genome), with a maximum of
21. Consequently, this method conﬁrmed that all isolates belonged
to the same subtype within host and over time, demonstrating

its persistence and permanence with capacity of transmission
after discharge, despite of the systemic antibiotic treatment with
clindamycin. Furthermore, we found not only microvariation in the
form of SNPs within-host diversity and over time in line with other
reports,9 , 35 , 65 proposed as a typical feature of S. aureus carriage,35
but also a dN/dS below 1, supporting that purifying selection is the
dominant force shaping within-host evolution of this bacterium.35
In addition, the proportions of different hospital-acquired MRSA
clones detected in this study are in line with our previous ﬁnding
about HO infections (deﬁned according the CDC criteria, >48 h after admission). However, no Hospital-onset infection caused by CAMRSA-ST30-IVc-PVL+ clone in children was detected in the prior
study.13 Consequently, considering the results of the present study,
there is no reason to exclude that this clone has entered into
hospitals, is also being transmitted and acquired among hospitalized children. Further assessment of the molecular epidemiology of
healthcare-onset MRSA infections in Argentina, would be necessary
to conﬁrm this hypothesis.
Importantly, we also found that a HA-MRSA clone, named Pediatric clone Argentinean variant: pulsotype-C/ST100-IVNv was one
of the main MRSA clones colonizing patients upon admission.13 , 22
This result supports the importance of colonization as reservoir
for the permanence over time of this “escaped” (from hospital
to community) HA-MRSA clone.22 This clone (ST100-IVNv) has
several features to be considered an important concern for the
public health system in Argentina and in neighboring countries
as well. Thus, (i) it is one of the main clones colonizing the patients upon admission, as demonstrated in this paper (ii) the high
stability over time in our country, causing infections particularly
invasive, in the hospital setting (HAHO), where it remained in
the third place in prevalence, since 1998 to 200913 , 21 as well
as in the community (HACO) before the emergence of CA-MRSA
clone ST5-IVa-PVL+ 13 , 20–22 (iii) its capacity to cause outbreaks
among infected patients and colonized health-care-workers,66 (iv)
its capacity to express the h-VISA phenotype,22 along with the
fact that vancomycin is still considered the ﬁrst-line therapy for
invasive MRSA infections,67 (v) its ability to acquire resistance to
antibiotics and new types of SCCmec.22 , 66 Hence, all these features
have enough intrinsic relevance for the recommendation of the
molecular vigilance over time of the HA-MRSA Pediatric clone
Argentinean variant.
Among the remaining CA-MRSAG colonizing upon admission,
the R/ST72-IVc, D/ST97-IV, USA300/ST8-IV/LV and Y/ST509-IVa accounted for 13.3%, 6.7%, 5% and 1.7% (one isolate) of MRSA clones,
respectively and all these clones were detected in our previous
studies as minor clones, causing CO and HO infections in Argentina.13 , 22 In addition the most traditional HA-MRSA clone in
Argentina, the Cordobes/Chilean/A/ST5-I clone13 , 22 only accounted
for 6.7% of imported MRSA clones, thus supporting the lack of
sustained transmission outside a healthcare facility of HA-MRSA
clones.48
Interestingly we also identiﬁed the ST97-IV genotype as a minor clone colonizing at admission (n: 5), among these, one isolate
remained as colonizer during hospital stay and other was hospitalacquired. These results suggest, that this genotype, which is likely
related to livestock-MRSA-(LA-MRSA), CC97,11 , 68 can also be transmitted in Argentinean hospitals. This fact implies a greater risk
of acquiring resistance to antibiotics that could subsequently be
transmitted to cattle, one of the most important pillars of the
Argentine economy, highlighting the antimicrobial resistance as a
multi-host, worldwide problem.2
Another important ﬁnding, was the identiﬁcation of two isolates belonging to two epidemic MRSA clones that as far as we
know, have never been reported in Argentina causing MRSA infections: HA-MRSA USA600-AA/ST45-II-spat2233/PVL− and CA-MRSA
W/ST59-IVa/spat437/PVL− (one isolate each), so its molecular
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surveillance over time would be recommended. The ST45-II belongs one of the ﬁve major CCs of HA-MRSA (CC5, CC8, CC22,
CC30 and CC45) identiﬁed by MLST, circulating internationally. The
CC45 was detected in the USA, Canada (ST45-II) and Europe (ST45IV/V).11 Although low prevalence levels of MRSA USA600 clone
have been detected in the USA at colonization or infections, it
was associated with high rates of mortality and clinical failure
outcomes for MRSA bloodstream infections and with ability to express the h-VISA phenotype (more than 50% of isolates).69
On the other hand, ST59 appears to be the most prevalent CAMRSA lineage in Asian-Paciﬁc area (including Taiwan and Australia)
in the community setting and also it began to spread within hospital.11 In this lineage two major clones were identiﬁed, the Taiwan
clone: ST59-VT -t437-PVL+ , with high pathogenic potential causing severe diseases, and the frequent colonizer of healthy children,
Asian-Paciﬁc clone: ST59-IV-t437-PVL− , similar to the case identiﬁed in this study.11
The strengths of this study include the prospective longitudinal design, the high procedure sensitivity to detect MRSA colonization (three anatomic body sites were surveyed in addition to
use the enrichment broth culture), the extensive molecular characterization of colonizing isolates, including discharge screening
and the extent of socio-demographic information collected in Córdoba, Argentina. Importantly, as the MRSA prevalence levels detected in Cordoba are similar to the average of those throughout
Argentina,13 data from this central region could be representative
of the MRSA infections status in whole country.
The most important limitation of this study is the relatively
short period of inclusion in each center, and, as a result, the low
number of cases of colonization upon admission and acquisitions.
This has led to an under powering multivariate analysis, which
implies that some risk factors for colonization have probably not
been detected. However, the RFs detected can be used with adequate effectiveness and accuracy for screening targeted. In addition, because we performed molecular characterization in one
MRSA colony morphotype per body site, we may have failed to detect coexistent minority subpopulations. There is evidence about
low level of within-host diversity in newly acquired carriage, supporting that single-colony analyzing is likely to identify clusters
closely related reliably in this context.65 Lastly, we have not studied transmission networks within hospital, so we were not able
to know which are the main reservoirs and transmission routes of
CA-MRSAG in the hospital.
In conclusion, the results from this study extends the existing literature, not only highlighting the exceptional importance of
the community, as the principal colonization reservoir of CA-MRSA
clones, particularly ST5-IVa-PVL+ and ST30-IVc-PVL+ but also
demonstrating that these clones are truly acquired and likely transmitted causing healthcare acquired infections. Therefore, these
HAHO infections are preventable and consequently are targets for
infection control and prevention programs not only in hospitals but
also in the community setting, which will contribute to the control
of antibiotic resistance worldwide, particularly for children.
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