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During the past four decades, methicillin-resistant 
Staphylococcus aureus (MRSA) has spread throughout the 
world and has become highly endemic in many geographic 
areas. Recent studies of methicillin-sensitive S. aureus 
(MSSA) and MRSA isolates collected over many years and 
analyzed by multilocus sequence typing (MLST), staphylo
coccal cassette chromosome mec (SCCmec) typing, and 
use of a computerized algorithm based on related sequence 
types (BURST) have revealed that the evolution and spread 
of MRSA occurred because of the introduction of the 
mobile SCCmec element into several different clones of 
MSSA1 Early MRSA strains appear to have developed from 
a MSSA strain (ST250-MSSA) that was prevalent in 
European countries, including Denmark, in the 1950s.1-2 Of 
interest, this MSSA ancestor to early MRSA strains is no 
longer prevalent among disease-associated isolates. More 
recent epidemic strains of MRSA (EMRSA-2, -6, -7, -12, -13, 
and -14) that spread effectively in hospitals during the 
1980s and 1990s are indistinguishable by MLST, suggest
ing that a relatively small number of MRSA clones have 
unique qualities that facilitate their transmission over wide 
geographic areas. For example, EMRSA clones ST8-MRSA-
III and ST239-MRSA-III have been recovered from patients 
in Finland, France, Germany, the Netherlands, Sweden, the 
United Kingdom, and the United States.1 One can conclude 
from the above findings that the occurrence of epidemics 
or high levels of endemicity observed in a given geograph
ic area can be explained, at least in part, by whether strains 
with epidemic potential are circulating in healthcare facili
ties. 

In this issue of Infection Control and Hospital 
Epidemiology, Vriens et al.3 note that although the preva
lence of MRSA is still less than 1% in the Netherlands, occa
sionally strains of MRSA imported from other countries 

have spread rapidly between patients and healthcare work
ers in their surgical intensive care unit (ICU). The out
breaks occurred despite the fact that virtually all hospitals 
in the Netherlands routinely use aggressive measures to 
control the spread of MRSA. These measures include plac
ing in isolation any patient transferred from a hospital out
side the Netherlands, discontinuing isolation of such 
patients only after screening cultures have revealed that 
they are not colonized with MRSA, routinely screening all 
patients and personnel exposed to a patient with MRSA 
with treatment (decolonization) of any carriers, and wear
ing a mask, a gown, and gloves whenever entering the 
room of a patient with MRSA.34 The authors questioned 
whether the ability of MRSA to spread rapidly in the surgi
cal ICU was unique, or whether similar spread of MSSA 
strains was going undetected. To examine this issue, a 2-
month, prospective, observational study was conducted to 
determine the frequency of transmission of MSSA in the 
surgical ICU. The study involved weekly screening cul
tures of patients and personnel, prospective recording of 
the number and type of contacts that each healthcare work
er had with patients, and pulsed-field gel electrophoresis 
(PFGE) of MSSA isolates recovered from patients and per
sonnel. The prevalence of MSSA among patients (24%) and 
healthcare workers (22%) was similar to what has been 
described in many other publications. Among the more 
than 4,100 contacts between patients and healthcare work
ers, in only 21 instances did both the patient and the health
care worker carry MSSA. PFGE typing revealed that none 
of the healthcare workers had the same strain of MSSA as 
the patients with whom they had contact. Furthermore, 
none of the patients were colonized with the same strain. 
Concurrent study of nosocomial transmission of MRSA was 
not performed. Instead, the authors compared their find-
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ings with historical data on MRSA transmission in the sur
gical ICU during the preceding 10 years. Apparently, antibi
otic usage policies and basic infection control measures 
employed during the 2-month study were comparable to 
those used during the preceding 10 years. No in vitro stud
ies were conducted to compare potential virulence factors 
of MSSA isolates recovered during the study with those of 
MRSA isolates recovered during earlier outbreaks. The 
authors concluded that multidrug-resistant MRSA strains 
may have been transmitted more easily due to antibiotic 
selection pressure, or that MRSA strains responsible for 
outbreaks in the surgical ICU may have possessed unde-
scribed virulence factors that facilitate nosocomial trans
mission. On the basis of the MLST studies cited above,1-2 it 
seems plausible that the surgical ICU outbreaks were 
caused by EMRSA that possess unidentified traits that facil
itate transmission among patients and healthcare workers. 
Although attempts have been made to identify special 
strain characteristics associated with epidemic transmis
sion of S. aureus, studies to date have not been revealing.5 

Although EMRSA strains similar to those imported 
into the Netherlands have been introduced into hospitals in 
other European countries,1 the prevalence of MRSA varies 
markedly by country.4,6 For example, a recent Sentry study 
revealed that the prevalence of MRSA was low in the 
Netherlands (< 2.5% in Utrecht University Hospital), 7.5% in 
Germany, 17% in France, 35% in Belgium, and 50% in south
ern European countries.4 In the United States, data from 
the National Nosocomial Infections Surveillance (NNIS) 
System of the Centers for Disease Control and Prevention 
(CDC) suggest that more than 50% of nosocomial S. aureus 
infections acquired in ICUs are caused by MRSA.7 These 
data suggest that factors other than strain virulence have a 
major influence on the prevalence of MRSA in healthcare 
facilities. The factors most frequently cited for this phe
nomenon are differences between countries regarding 
antibiotic use and infection control measures. 

Many studies have found that preceding antibiotic 
therapy is an important risk factor for nosocomial acquisi
tion of MRSA8 There is little doubt that widespread use of 
antibiotics provides multidrug-resistant strains of MRSA 
with a selective survival advantage. Because many nosoco
mial MRSA strains are resistant to erythromycin, clin
damycin, beta-lactams, and fluoroquinolones, widespread 
use of many different antibiotics can promote emergence of 
MRSA Of interest, overall non-hospital use of antibiotics is 
significantly lower in the Netherlands, Denmark, and 
Sweden (areas of low MRSA prevalence) than in France, 
Spain, and Belgium (areas of high MRSA prevalence).9 If 
outpatient use of antibiotics reflects general trends of 
antibiotic use in hospitals, these data support the assump
tion that antibiotic use may be responsible for the observed 
differences in MRSA prevalence in European countries. 
However, overall non-hospital antibiotic use is similar in 
Finland (low MRSA prevalence) and the United Kingdom 
(high MRSA prevalence).9"11 Furthermore, if restricted 
antibiotic use was the main factor responsible for a low 
prevalence of MRSA, one might expect that the incidence 

of methicillin-resistant S. epidermis would also be low in 
countries where antibiotic use (pressure) is low. However, 
the prevalence of methicillin-resistant S. epidermis is as 
high in the Netherlands as it is in countries where antibiot
ic use is much higher.4 Thus, differences in infection con
trol policies are a more important factor in explaining the 
marked variation in MRSA prevalence. 

There is considerable evidence that the low preva
lence of MRSA in northern European countries is due to 
the prompt implementation of aggressive infection control 
measures whenever a patient is identified as having MRSA 
In Denmark, MRSA strains were highly endemic in the 
1960s and early 1970s, but had decreased significantly in 
prevalence by the mid-1980s and have not increased in 
recent years despite importation of MRSA from other coun
tries.1213 The dramatic decrease in MRSA prevalence has 
been attributed to reduced use of tetracycline and to rou
tine use of aggressive control measures.1213 Control mea
sures have included screening patients admitted from hos
pitals outside of Denmark to determine whether they are 
colonized with MRSA, wearing masks, gowns, and gloves 
when caring for patients, screening patients and personnel 
for MRSA carriage, and treating those identified as MRSA 
carriers.1213 In the Netherlands, a national MRSA guideline 
promoting similarly aggressive measures was adopted in 
1995, and the prevalence of MRSA has remained low 
despite importation of epidemic strains of MRSA.3,4 

In the United States, MRSA continues to be a vexing 
problem for many healthcare facilities.7 Although many 
hospitals have policies (Contact Precautions) requiring the 
wearing of gloves whenever entering the room of a patient 
with MRSA the wearing of gowns if substantial contact 
with the patient or the environment is anticipated, and the 
washing or disinfecting of hands after removing gloves, 
adoption of such policies has not controlled the spread of 
MRSA in the United States. The inability of many facilities 
to control the spread of MRSA is most likely due to wide
spread overuse of antibiotics and to suboptimal implemen
tation of recommended control measures. Poor adherence 
of healthcare workers to recommended barrier precautions 
has been documented for patients with vancomycin-resis-
tant enterococci14 and almost certainly contributes to poor 
control of MRSA Poor adherence of personnel to recom
mended hand washing practices is a widespread problem,15 

and is likely to contribute to poor control of MRSA in many 
facilities. Both an observational study and a cohort study 
have suggested that improved hand hygiene can contribute 
to better control of MRSA,16,17 although one of these hospi
tals simultaneously implemented a program of active sur
veillance cultures, making the relative contribution of the 
improved hand hygiene unclear.18 

Because transmission of MRSA occurs significantly 
more often from patients who are not isolated than from 
patients who are cared for in Contact Precautions, screen
ing high-risk patients for MRSA and placing colonized 
patients in isolation is important for effective control.1920 A 
number of studies have provided evidence that the screen
ing of high-risk patients, when performed in conjunction 
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with other infection control measures, can contribute to 
better control of MRSA.182122 Although many hospitals 
have been reluctant to implement screening programs, sev
eral studies have found that such screening programs are 
cost-effective.2123,24 Although effective screening programs 
have used culture methods generally available to most hos
pitals, further studies are needed to establish more effi
cient methods of screening various body sites for the pres
ence of MRSA.25-26 

Insufficient epidemiologic analysis of endemic 
MRSA colonization and infection may also be a cause of 
continued spread of MRSA In some instances, thorough 
epidemiologic investigations of outbreaks have established 
a colonized or infected healthcare worker as the source of 
transmission.27"29 In such situations, even a high degree of 
adherence of healthcare workers with recommended barri
er precautions and hand hygiene will not interrupt this type 
of transmission. 

Finally, despite years of studying endemic and epi
demic MRSA in healthcare facilities, we may not have elu
cidated all factors that can influence transmission. In this 
issue of Infection Control and Hospital Epidemiology, Squier 
et al.30 have identified rectal carriage of S. aureus as a risk 
factor for staphylococcal infection among high-risk surgical 
patients. Prospective screening cultures of patients in a 
surgical ICU and a liver transplant unit revealed a high 
prevalence of rectal colonization with MSSA or MRSA. 
Patients with rectal colonization experienced a significantly 
higher incidence of staphylococcal infections when com
pared with similar patients who had nasal carriage only or 
with non-carriers. A recent study from France revealed that 
a substantial proportion of patients who had antibiotic-asso
ciated diarrhea and whose gastrointestinal tract was heavi
ly colonized with MRSA had an accompanying bacteremia 
by the same strain.31 Both of these studies suggest that 
there are further lessons to learn regarding the epidemiol
ogy and control of MRSA in healthcare facilities. 
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