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Population Dynamics among Methicillin-Resistant Staphylococcus
aureus Isolates in Germany during a 6-Year Period
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Methicillin-resistant Staphylococcus aureus (MRSA) originated from the health care setting but is now emerging in communities
without health care contact (CA-MRSA) or in livestock (LA-MRSA). The impact on the whole MRSA population was assessed in a
German prospective multicenter study. Thirty-three laboratories consecutively collected up to 50 MRSA isolates from infection
or carriage during two sampling periods in 2004 to 2005 and 2010 to 2011. Patient-related data were collected using a standard-
ized questionnaire. Methicillin resistance was confirmed by the detection of mecA or its homologue mecA, ;4,5,. The spa type
and major virulence factors were analyzed for each isolate. In total, 1,604 (2004 to 2005) and 1,603 (2010 to 2011) MRSA isolates
were analyzed; one isolate from each sampling period harbored mecA, ,5,. LA-MRSA increased significantly (odds ratio

[OR] = 22.67, 95% confidence interval [CI] = 8.51 to 85.49, P < 0.0005) and spread over Germany, originating from northwest-
ern regions. Panton-Valentine leukocidin-positive CA-MRSA rose significantly, particularly in southern Germany, but the pro-
portion in 2010 to 2011 remained low (2.7%, OR = 2.80, 95% CI = 1.54 to 5.34, P < 0.0005). The emerging MRSA clones
changed the MRSA population in Germany during a 6-year period significantly. The ongoing epidemiological shift and changes
of MRSA sources create a need for revision of guidelines for MRSA infection control and treatment.

S taphylococcus aureus is a bacterium causing skin and soft tissue
infection, pneumonia, meningitis, endocarditis, and osteomy-
elitis. The first antistaphylococcal agent was penicillin, but soon
after its introduction penicillin-resistant S. aureus spread globally
in the 1950s and 1960s (9). Subsequently, members of the penicil-
linase-stable penicillins (i.e., methicillin) became the most impor-
tant antibiotic drug for the treatment of S. aureus infection. How-
ever, the first methicillin-resistant S. aureus (MRSA) isolate was
detected in England in 1961, and MRSA has spread throughout
the world since then (14).

In Germany, MRSA isolates were reported for the first time in
the 1970s and 1980s and comprised hospital-associated MRSA
(HA-MRSA) (19, 27). German HA-MRSA isolates are clonal and
mainly belong to S. aureus protein A locus (spa) types t002, t003,
t008, and t032, which are associated with sequence types ST5,
ST225, ST8, and ST22, as determined by multilocus sequence typ-
ing (MLST) (5). Typical risk factors for HA-MRSA carriage are
history of hospitalization, residence in a nursing home, skin le-
sions, and hemodialysis, as well as indwelling catheters and in-
serted or implanted foreign bodies (15).

In the 1990s, new MRSA lineages emerged in communities
without risk factors for HA-MRSA and spread in different coun-
tries to various extents (9). These community-associated MRSA
(CA-MRSA) lineages are associated with skin and soft tissue in-
fections and frequently harbor the Panton-Valentine leukocidin
(PVL), a pore-forming toxin which lyses human neutrophils (20).
While German CA-MRSA isolates are still rare and comprise dif-
ferent clonal lineages, isolates from the United States are domi-
nated by the spread of MLSTs ST1 (USA400) and ST8 (USA300),
suggesting a high transmissibility and/or virulence of these clones
(8,9).

In the early 2000s, so-called livestock-associated MRSA (LA-
MRSA) emerged in Dutch pig farmers, who may have acquired
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this new subtype (ST398) from breeding animals (28). In regions
with high density of livestock farming, LA-MRSA can be imported
into hospitals, causing hospital-acquired infections (13, 15, 28).

The recent detection of a mecA homologue (mecA;Gass1)s
which is hitherto undetectable by routine molecular methods,
raises the question of its prevalence (11, 18).

To elucidate if and to what extent the emergence of CA-MRSA
and LA-MRSA may have changed the MRSA population in Ger-
many, we performed a prospective longitudinal study and com-
pared genotypes and virulence factors of human MRSA isolates
from 33 laboratories throughout Germany collected in 2004 to
2005 with isolates obtained in the same study centers in 2010 to
2011.

MATERIALS AND METHODS

Study design. In total, 36 microbiological laboratories throughout Ger-
many associated with outpatient clinics and primary to tertiary care hos-
pitals were invited to collect prospectively MRSA isolates from routine
diagnostics. In two sampling periods (1 February 2004 to 31 January 2005
and 1 February 2010 to 31 January 2011), every laboratory collected the
first 50 MRSA isolates detected irrespective of the type of specimen. Only
one isolate per patient was included, and the laboratories were asked to
indicate whether the sample was obtained from a case associated with
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TABLE 1 Characteristics of MRSA patients in 2004 to 2005 and 2010 to 2011

Result? for MRSA patients from:

2004-2005 2010-2011
Parameter (n=1,604) (n=1,603) OR (95% CI) P
Mean age (yr) = SD 64.9 = 18.9 65.3 = 20.4 NA 0.65
Proportion female 42.4 (680) 42.8 (671) 1.01 (0.88-1.17) 0.84
Risk factors for HA-MRSA
History of MRSA infection/colonization 22.4 (219) 30.2 (219) 1.5 (1.2-1.88) <0.0005
Hemo-/peritoneal dialysis in the past 12 mo 7.6 (63) 11.5 (59) 1.58 (1.06-2.33) 0.16
Surgery in the past 12 mo 52.6 (442) 54.9 (307) 1.1 (0.88-1.37) 0.40
Hospitalization in the past 12 mo 75.9 (635) 82.8 (512) 1.54 (1.17-2.02) 0.001
Residence in a day care or rehabilitation center 24.7 (198) 30 (137) 1.31 (1.00-1.71 0.04
MRSA infection
Sepsis (foreign body associated) 3.2 (51) 2.3 (37) 0.72 (0.46-1.13) 0.13
Foreign body-associated infection 2.1(33) 1.6 (26) 0.78 (0.45-1.36) 0.36
Pneumonia 7.5 (120) 3.6 (57) 0.46 (0.32-0.64) <0.0005
Abscess 1.4 (22) 1.7 (27) 1.23 (0.67-2.28) 0.47
Meningitis 0.06 (1) 0(0) 0 (0-39.02) 1
Surgical site infection 5.9 (94) 3.1 (49) 0.51 (0.35-0.73) <0.0005
Skin and soft tissue infection 21.1 (339) 12.4 (199) 0.53 (0.43-0.64) <0.0005
Urinary tract infection 3.2 (51) 2.1(33) 0.64 (0.40-1.02) 0.05
Osteomyelitis 1.3 (21) 0.3 (4) 0.19 (0.05-0.56) 0.001
MRSA asymptomatic colonization 36.7 (589) 30.1 (483) 1.35 (1.16-1.56) <0.0005
Care?
Outpatient department 19.5 (312) 20.8 (333) 0.92 (0.77-1.10) 0.35
Intensive care unit 19.2 (308) 15.5 (249) 1.29 (1.07-1.56) 0.006
Dialysis department 0(0) 0.6 (10) 0 (0-0.44) <0.0005
Hemato-oncology department 2.1(33) 1.2 (19) 1.75 (0.96-3.27) 0.05
General care wards 59.3 (951) 56.2 (901) 1.13 (0.98-1.31) 0.08

“Values are % (no.) except for ages.
Y For 91 persons in 2010 to 2011, the type of care was not reported.

clinical signs of an S. aureus infection. A standardized questionnaire was
completed for each isolate, including demographic data of the patient
(age, gender) and sample-related data (date of sampling, sample material,
in- or outpatient care, risk factors for MRSA colonization or infection,
type of S. aureus infection). Samples and questionnaires were sent to the
Institute of Medical Microbiology, University Hospital Miinster, Miin-
ster, Germany, for molecular characterization, data entry, and analysis.
Study centers which collected MRSA isolates during one sampling period
only were excluded from the analysis.

Molecular characterization. Isolates were confirmed to be S. aureus
by detection of the S. aureus-specific thermostable nuclease gene (nuc),
and methicillin resistance was confirmed by mecA PCR (2). A PCR target-
ing the mecA homologue mecA; ;1,5 Was used for those isolates which
were mecA negative but showed phenotypic methicillin resistance (18).
Genes encoding the toxic shock syndrome toxin (#st), enterotoxins (sed,
seb, sec, sed, see, seg, seh, sei, sej), exfoliative toxins (eta, etb, etd), and the
epidermal cell differentiation inhibitors (edin-A, edin-B, edin-C) were de-
tected by multiplex PCRs (1, 3, 29, 30). Subtypes of the accessory gene
regulator (agr I to IV) were detected by PCR (26). Sequence-based typing
of the hypervariable region of the S. aureus protein A locus (spa typing)
was performed for each isolate (21). Related spa types were clustered in spa
clonal complexes (spa-CC) using the BURP (based upon repeat pattern)
algorithm and applying the default parameters (x = 5, y = 4) as imple-
mented in Ridom StaphType 2.2.1 (21). Multilocus sequence typing was
performed for new spa types which were among the 10 most frequent spa
types (10).

Statistical analyses. Data were analyzed with the software “R,” version
2.13.1 (http://cran.r-project.org), and the package epicalc. Continuous
variables were compared using Student’s ¢ test. Categorical variables were
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compared using the x” test and the odds ratio (OR) and its 95% confi-
dence interval (95% CI). The significance level was 0.05. Missing values
were removed from the statistical analyses.

RESULTS
Study population. All 36 invited study centers participated in the
first sampling period, 2004 to 2005, and 33 centers also took part
in the second sampling period, 2010 to 2011. The three centers
which did not contribute during the second period were excluded
from the analysis. The majority of isolates were collected in north-
ern, western, and southern Germany. While the mean ages and the
proportions of females did not differ between the first and second
sampling periods, there was a significant increase in patients with
risk factors for MRSA colonization in 2010 to 2011 (Table 1).

MRSA typing. In total, 3,207 MRSA isolates were collected
during the first (n = 1,604) and the second (n = 1,603) sampling
periods. Of these, 1,236 isolates derived from infections and 1,072
from asymptomatic carriers. A clear attribution to “infection” or
“asymptomatic carriage” was not possible for 899 isolates. All iso-
lates were nuc positive and—with two exceptions—harbored the
classical mecA gene. One isolate in each sampling period harbored
mecA;Gars: (spa type t843). The first isolate was recovered from
sputum of a patient with S. aureus pneumonia, and the second
isolate was isolated from a skin/mucosal swab for MRSA coloni-
zation of a patient who suffered from chronic respiratory tract
disease.

Isolates of the first sampling period comprised 127 different
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TABLE 2 Most frequent spa types of MRSA isolates from 2004 to 2005 and 2010 to 2011

2004-2005 2010-2011
Frequency ~ Cumulative Frequency, %  Cumulative

Rank  spatype MLST(s)? [% (no.)] frequency (%)  spatype  MLST(s)" (no.) frequency (%)
1 t003 ST5, ST225 40.15 (644) 40.15 t003 ST5, ST225 39.86 (639) 39.86
2 t032 ST22 15.59 (250)  55.74 1032 ST22 15.53 (249) 55.4
3 t008 ST8, ST247, ST250, ST254  7.48 (120) 63.22 t008 ST8, ST247, ST250, ST254  4.49 (72) 59.88
4 t002 ST5, ST231 6.86 (110) 70.08 t002 ST5, ST231 3.18 (51) 63.06
5 t001 ST5, ST222, ST228 5.93 (95) 76.01 1034 ST398° 2.56 (41) 65.62
6 t004 ST45 4.05 (65) 80.06 t011 ST398° 2.37 (38) 67.99
7 t041 ST111, ST228 1.50 (24) 81.56 t045 ST5, ST225 1.75 (28) 69.74
8 t038 ST45 1.00 (16) 82.56 t014 ST672, ST225¢ 1.31 (21) 71.05
9 1022 ST22 0.69 (11) 83.25 18374 ST22¢ 1.19 (19) 72.24
10 1023 ST22 0.69 (11) 83.94 1022 ST22 1.19 (19) 73.43
>10 Others — 16.03 (258) 100 Others — 26.58 (426) 100
Total 100 (1,604) 100 (1,603)

@ Associated multilocus sequence types as published on http://spaserver.ridom.de.
b Previously published (15).

¢ Previously published (23).

4 This study.

¢ —, not determined.

spa types (two MRSA isolates [0.1%] were nontypeable), and iso-
lates of the second period were associated with 236 different spa
types (nine MRSA isolates [0.6%] were nontypeable) (see Table S1
in the supplemental material). The distributions of spa types strat-
ified in spa-CCs in isolates from infection and carriage were sim-
ilar. The proportion of classical HA-MRSA spa types (t003 and
t032) did not change between 2004 to 2005 and 2010 to 2011
(Table 2). It is noteworthy that spa type t008 has mainly spread in
southern Germany and decreased slightly in 2010 to 2011 (Table
2; Fig. 1). Isolates belonging to spa type t008 and t002 were pre-
dominant in southwest Germany in 2004 to 2005 (Fig. 1). Isolates
of spa type t002 decreased in the whole country from 6.86% (n =
110) to 3.18% (n = 51) in 2010 to 2011. Isolates belonging to spa

2004/05

type t008 decreased from 7.48% (n = 120) in 2004 to 2005 to
4.49% (n = 72) in 2010 to 2011 (Table 2). Similarly, some of the
most prevalent spa types in southeast Germany (t001), northern
Germany (t004), Lower Saxony (t038), and central Germany
(t041) were no longer predominant in 2010 to 2011 (Fig. 1). In
2010 to 2011, new MRSA isolates with spa types that are infre-
quent so far emerged in northern Germany (t4217, spa-CC 032,
ST22; n = 12) and in southwest Germany (t4881, spa-CC 003,
ST225; n = 6) (Fig. 1; see Table S1 in the supplemental material).

The proportion of PVL-positive isolates belonging to spa types
associated with the classical PVL-positive European CA-MRSA
clone (t002, t044) increased from 0.4% (n = 6) in 2004 to 2005 to
0.6% (n =9) in 2010 to 2011. Similarly, spa types of PVL-positive

2010/11

001
B 1002
B 003
B 004
008
B to11
B 1032
034
B 038
B t041
W t504
4217
B 14881

[] Others

FIG 1 Distribution of the two most prevalent spa types of methicillin-resistant Staphylococcus aureus in Germany. Pie charts show the average prevalence in each

federal state.
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FIG 2 Distribution and spread of livestock-associated methicillin-resistant Staphylococcus aureus in Germany in 2004 to 2005 and 2010 to 2011. The numbers
indicate the prevalence (%) of LA-MRSA isolates in the respective study centers (green, 1%; yellow, 2 to 5%; orange, 6 to 10%; red, >10%). Asterisks indicate that

only one study center reported from the region.

isolates associated with the USA300 clone (t008) increased from
0.1% (1 = 2) in 2004 to 2005 to 0.6% (1 = 10) in 2010 to 2011. In
total, CA-MRSA isolates rose significantly, particularly in south-
ern Germany (OR = 2.80, 95% CI = 1.54 to 5.34, P < 0.0005).

The MRSA isolates associated with spa-CC011 (CCO011 is in-
dicative of ST398) belong to t034 and t011 and related spa types
according to the BURP analysis (t108, t1451, t2576, t4395t,
t8377). Isolates belonging to these spa types increased significantly
from 0.3% (n = 4) in 2004 to 2005 to 5.4% (n = 86) in 2010 to
2011 (OR = 22.67,95% CI = 8.51 to 85.49, P < 0.0005). In 2004
to 2005 these spa types, which are indicative of the LA-MRSA
clonal lineage ST398, were—with one exception (Ravensburg,
southwestern Germany)—found only in western Germany. These
isolates were restricted to spa types t011 (Miinster and Ravens-
burg) and t108 (Bochum). In 2010 to 2011 spa-CCO011-associated
spa types were detected all over Germany, but still with highest
prevalence in northwestern Germany (Fig. 2). Association of these
MRSA isolates with infection was reported only for isolates from
2010 to 2011; cases included skin and soft tissue infection (n = 4),
foreign body infection (n = 1), sepsis (n = 1), pneumonia (n = 1),
surgical site infection (n = 1), and endocarditis (n = 1). No or
unknown association with infection was reported for 77 MRSA
spa-CCO011 isolates, which were isolated from urine (n = 2), spu-
tum (n = 3), or skin/mucosal swabs (n = 72).

In 2004 to 2005 the agr II subtype was predominant (62.2%,
n = 998) followed by agr I (34.5%, n = 553), agr 111 (1.8%, n =
28), and agr IV (1%, n = 16). Similarly, agr II was the most fre-
quent subtype in 2010 to 2011 (54.3%, n = 870), followed by agr1
(43.4%, n = 696) and agr I1I (2.2%, n = 35).In 2010 to 2011, agr
IV was not detected.

MRSA exotoxin characterization. Overall, 16 (1%) and 44
(2.7%) PVL-positive MRSA isolates were found in 2004 to 2005
and 2010 to 2011, respectively (Table 3). Taking into account the
results of both sampling periods, they were isolated from skin and
soft tissue infections (26.7%, n = 16), abscesses (15%, n = 9),
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pneumonia and postsurgical wound infections (3.3%, n = 2,
each), and urinary tract infections (1.7%, n = 1). For 16.7% (n =
10), no association with infection was reported, and for 28.3%
(n = 17) PVL-positive isolates, the association with an infection
was unclear. These isolates were derived from skin/mucosal swabs
(52.9%, n = 9), aspirates/secretions (23.4%, n = 4), wounds
(17.7%, n = 3), and other specimens (5.9%, n = 1). In 2004 to
2005, PVL-positive MRSA isolates were more frequently isolated
from skin/mucosal swabs than in 2010 to 2011 (75.0% versus
36.7%).

The risk factors history of hospitalization and MRSA detection

TABLE 3 Virulence factors of German MRSA isolates from 2004 to
2005 and 2010 to 2011

% (no.) of MRSA isolates

from“:
Virulence factor ~ 2004-2005  2010-2011  OR (95% CI) P
lukS-PV/IukF-PV 1.0 (16) 2.7 (44) 2.80 (1.54-5.34) <0.0005
tst 9.6 (154) 0.9 (14) 0.08 (0.04-0.14) <<0.0005
sea 13.6 (218) 6.6 (105) 0.45 (0.35-0.57) <<0.0005
seb 0.5 (8) 0.4 (7) 0.88 (0.27-2.77) 0.8
sec 13.3 (213) 20.1 (322) 1.64 (1.35-1.99) <0.0005
sed 56.2 (901) 49.9 (800) 0.78 (0.67-0.9) <0.0005
seg 88.5 (1,419) 85.0 (1,363) 0.74 (0.60-0.91) 0.004
seh 0.3 (5) 0.7 (11) 2.21(0.71-8.13) 0.13
sei 90.2 (1,447) 85.2(1,366) 0.63 (0.50-0.78) <<0.0005
sej 45.0 (721)  47.5(762)  1.11 (0.96-1.28) 0.14
eta 0.4 (6) 0 (0) 0 (0-0.85) 0.03
eth 0.1(2) 0 (0) 0 (0-5.33) 0.5
etd 1.0 (16) 0.5 (8) 0.5(0.18-1.24) 0.1
edin-A 0(0) 0.06 (1) Inf’ (0.03-Inf) 0.5
edin-B 0.9 (14) 0.5 (8) 0.57 (0.21-1.46) 0.2
hig 99.8 (1,600) 100 (1,603) Inf(0.66-Inf)  0.13

“ Percentages are given as relation to the respective evaluable questionnaire data.
Y Inf, infinity.
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TABLE 4 Risk factors for HA-MRSA colonization in PVL-positive isolates

% (no.) of patients with:

Risk factor PVL-positive MRSA PVL-negative MRSA OR (95% CI) P
History of MRSA colonization 20 (6) 25.9 (432) 0.72 (0.24-1.82) 0.47
MRSA detection >48 h after admission 27.6 (8) 52.1 (875) 0.35 (0.13-0.83) 0.01
Dialysis in the past 12 mo 13 (3) 9.0 (119) 1.51 (0.28-5.21) 0.46
Surgery in the past 12 mo 42.9 (9) 53.7 (740) 0.65 (0.24-1.68) 0.32
Hospitalization in the past 12 mo 50 (11) 79.3 (1,136) 0.26 (0.1-0.67) 0.001
Residence in a nursing home or rehabilitation center in the past 12 mo 14.3 (3) 26.8 (332) 0.45 (0.09-1.57) 0.32

in specimens obtained more than 48 h after admission were sig-
nificantly less frequently reported for PVL-positive MRSA isolates
than for PVL-negative isolates (Table 4). Furthermore, the mean
number of risk factors for health care-associated MRSA (HA-
MRSA) colonization in persons with PVL-positive isolates was
0.7 (range, 0 to 4) compared to 1.2 (range, 0 to 6) for persons
with PVL-negative isolates (P = 0.001). Only the risk factor
proportion of persons who had hemodialysis or peritoneal di-
alysis in the past 12 months was more prevalent in the PVL-
positive group (Table 4).

PVL-positive isolates from 2004 to 2005 belonged to spa types/
STs t044/ST80 (n = 5), t003/ST5 (n = 2), and t008/ST8 (n = 2),
followed by t001, t002, t019, t032, t041, t808, and t322 (n = 1
each) (Fig. 3). In 2010 to 2011, PVL-positive isolates belonging to
spa types/STs t008/ST8 (n = 10), t044/ST80 (n = 5), t002/ST5
(n = 4), and t318/ST30 (n = 4) became the most prevalent, fol-
lowed by t437 (n = 3); t003, t019, t203, and t4741 (n = 2 each);
and t005, 1016, t045, t657, 1692,t791,t967, 12518, 17656, and t8376
(n = 1 each). PVL-positive MRSA isolates were present in four
major spa-CCs (spa-CC003, -008, -012, and -032).

DISCUSSION

This is the first systematic prospective and nationwide multicenter
study analyzing the molecular background and exotoxin equip-

2004/05

ment of MRSA isolates in Germany. Main findings are an increas-
ing proportion of LA-MRSA and PVL-positive MRSA isolates be-
tween 2004 to 2005 and 2010 to 2011.

We detected an increased proportion of patients with risk fac-
tors for HA-MRSA colonization. The higher proportion of pa-
tients who had been hospitalized in the past 12 months in 2010 to
2011 may reflect the 8.3% increase of inpatient cases in German
hospitals from 2004 (20,365 cases per 100,000 inhabitants) to
2010 (22,057 cases per 100,000 inhabitants) (24). In contrast, the
increased proportion of patients with a history of MRSA infec-
tion/colonization in 2010 to 2011 does not reflect the stable or
decreasing proportion of MRSA infection/colonization in recent
years (19.5 to 21.2% between 2004 and 2009) (17, 22).

The vast majority of MRSA isolates harbored the classical mecA
gene; only two isolates (0.06%) with the mecA homologue
mecAy G ans; were collected in 2004 to 2005 and 2010 to 2011. Sim-
ilarly low rates of mecA;4,5,-positive MRSA isolates were also
reported in retrospective analyses of German strain collections (6,
18). The two isolates from our study belonged to spa type t843,
which is the most frequent spa type in mecA ; 4,5, -positive isolates
from cows and humans in Great Britain and Denmark (11). While
the proportion of mecA; g »,5; MRSA isolates seemed to increase in
Denmark from 2008 (0.12%) to 2010 (0.67%), we observed a con-

2010/11

FIG 3 Distribution and spread of PVL-positive methicillin-resistant Staphylococcus aureus in Germany in 2004 to 2005 and 2010 to 2011. The numbers indicate
the proportions (%) of PVL-positive MRSA isolates in the respective study centers. Colors indicate detection of ST8 (red), ST80 (blue), ST8 and ST80 (violet),

and non-ST8/non-ST80 (white).
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tinuously low prevalence (0.06%) (11). There is evidence, at least
for one isolate, which was isolated from a pneumonia patient, that
MRSA harboring mecA; 4,5, can cause clinical infection.

The major MRSA lineages in Germany, which are traditionally
named after the region of their first occurrence, comprise the
Rhine-Hessen MRSA (t002/ST5 and t003/ST225), the Barnim
MRSA (t032/ST22), and the northern German MRSA clone (t008/
ST8). The proportion of the classical HA-MRSA lineages (t003/
ST225 and t032/ST22) was stable during the study period (Table
2), which is consistent with recent reports (5). The origin of the
emerging MRSA spa type t4217/ST22 in northern Germany in
2010 to 2011 is unclear as this spa type is not associated with
published outbreaks in this area and as its occurrence cannot be
explained by a hypothetical cross-border transfer from Denmark.
Similarly, the source of MRSA t4881/ST225 in southwest Ger-
many (Fig. 1) is unclear. A cross-border import of these isolates
from France is unlikely, as the major French MRSA clones belong
to t008/ST8, t024/ST8, and t777/ST5 (12). The t4881 clone might
have evolved from t504, which was the second most common spa
type in this region in 2004 to 2005. Since MRSA t504 (26-17-20-
17-12) and t4881 (26-17-20-17-13-17-17-16) have similar repeat
patterns, a microevolution from t504 to t4881 is possible, al-
though deletions of spa repeats are more frequent than duplica-
tions in spa type alterations (4).

Importantly, spa types associated with spa-CCO011 (t011, t034)
are presumptively LA-MRSA within the MLST clonal complex
398. While LA-MRSA isolates were initially detected in commer-
cially raised pigs, their spread to other animals (cattle, chicken,
horses, and pets) as well as farmers, veterinarians, and other ex-
posed persons has been reported (7). Here, we show a significantly
increasing prevalence of LA-MRSA-associated spa types from
0.3% (2004 to 2005) to 5.4% (2010 to 2011) (28). However, the
prevalence of LA-MRSA was particularly high in northwestern
Germany, which is characterized by a high density of livestock
production (Lower Saxony, North Rhine-Westphalia). Propor-
tions of up to 20% of all MRSA isolates have been reported from
“pig-dense” regions, consistent with our results (16). However,
the high prevalence in Lower Saxony (82%) (Fig. 2) might be
questionable, as only one laboratory reported results from this
region.

CA-MRSA isolates frequently harbor PVL-encoding genes and
are highly prevalent in the United States but are still rare in Ger-
many. In our comparative analysis, we showed that the propor-
tion of PVL-positive isolates among MRSA isolates has signifi-
cantly increased between 2004 to 2005 (1.0%) and 2010 to 2011
but that the proportion remains low (2.7%) (Table 3). While the
European CA-MRSA clone (t044, ST80 [17]) was the most prev-
alent PVL-positive MRSA clone in 2004 to 2005, the USA300
clone (t008, ST8 [17]) became predominant in 2010 to 2011. In-
terestingly, in both sampling periods increasing high proportions
of PVL-positive MRSA isolates were found in the cities of Ham-
burg (2004 to 2005, 2.0%; 2010 to 2011, 6.1%) and Frankfurt am
Main (2004 to 2005, 6.5%; 2010 to 2011, 8.8%). These metropol-
itan areas have a high population density and are international
aviation hubs. Several studies have shown that PVL-positive
MRSA and methicillin susceptible S. aureus can be imported and
spread through international travel (25, 31).

The different proportions of genes encoding members of the
pyrogenic toxin superantigen (PTSAg) family in 2004 to 2005
compared to 2010 to 2011 might be due to changes in domi-

October 2012 Volume 50 Number 10

Population Dynamics of MRSA

nating clonal lineages. In particular, the decrease of tst and
enterotoxin gene-harboring strains might be explained by the
advent of LA-MRSA CC398 isolates which only sporadically
harbor these PTSAgs.

Our study comprises nationwide data from laboratories which
perform microbiological diagnostics for outpatient care and for
primary to tertiary care hospitals and includes isolates from car-
riage and infection. Since the same laboratories participated in
both sampling periods, we controlled for the geographical bias
(12). As we included only consecutively collected samples, we
ruled out a reporting bias.

One limitation of our study is the underrepresentation of iso-
lates from the eastern part of Germany, especially from the capital
of Berlin, the inclusion of which might have added important
information regarding the prevalence of PVL-positive isolates in
urban areas. Second, we did not assess the contact to animals as a
risk factor for MRSA carriage or infection in 2004 to 2005, because
there was only a limited awareness of this MRSA reservoir in that
time.

In conclusion, the emergence of novel MRSA clonal lineages
highlights the possibility of substantial changes in MRSA epide-
miology within relatively short time periods.
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