
Vol. 26 No. 2 INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY 

Editorial 

MRSA: We Can Overcome, But Who Will Lead the 
Battle? 

Margreet C. Vos, MD, PhD; Henri A. Verbrugh, MD, PhD 

During the past two decades, methicillin-resistant 
Staphylococcus aureus (MRSA) has become the most preva
lent and important antimicrobial-resistant pathogen, causing 
serious nosocomial and community-acquired infections. This 
trend continues unabated today, now involving additional 
classes of antimicrobial agents such as glycopeptides.1 The 
emergence of MRSA is primarily due to the successful 
spread of a limited number of clones of S. aureus represent
ing the most prevalent lineages within its population struc
ture2 that have acquired one of the resistance-encoding 
SSCmec elements. Hospitals and other healthcare institu
tions have been the primary sites where such strains are 
transmitted and are "breeding" sites where MRSA can main
tain its highest reproductive rate. High rates of transmission 
are the consequence of patients' increased susceptibility to 
acquisition combined with crowding and high rates of con
tact with healthcare workers (HCWs), who are considered 
important vectors in the chain of MRSA transmission. The 
continuing spread of MRSA indicates that recommended 
preventive strategies have been either inadequate or improp
erly implemented. For years, MRSA-positive patients and 
HCWs have been cycled back into the community, where 
transmission continues, albeit at a lower rate. 

In the late 1950s and early 1960s, much attention was 
focused on elucidating the determinants of S. aureus car
riage, dispersion, and transmission.3 We can learn from 
that experience that transmission will occur within house
holds or other close communities and that colonization of 
patients will not end spontaneously in all patients. In 1964, 
Noble et al. found that acquisition of new, resistant strains 
was enhanced by the use of antibiotics and that nosocomi-
ally acquired strains were detected again at readmission 
after more than 150 days.4 Hare and Thomas, in 1956, pub
lished an article on the routes of S. aureus transmission. 
Three routes were implicated: (1) transport of S. aureus by 
hands, handkerchiefs, clothing, bedding, or any other 
object coming into contact with the nose or skin of infected 
individuals; (2) the release of S. aureus into the atmosphere 
as a result of friction and dislodgment of dried particles 
from the skin and hair; and (3) transport of "infected parti
cles" by air currents to other individuals. Of particular note, 

droplet transmission was not found to be a significant route 
of transmission.5 From a follow-up study, they learned that 
S. aureus carriers can contaminate their clothes and sur
roundings and that most have enough S. aureus cells on 
various sites of their skin and clothing to render them capa
ble of acting as donors of infection.6 Antibiotic pressure 
may act as an enhancing factor for transmission of resistant 
S. aureus, as was shown in 1964 by Ehrenkranz.7 From 
these 40- to 50-year-old studies, one can conclude that mul
tiple reservoirs and routes of transmission exist when con
sidering the epidemiology of S. aureus, regardless of 
whether they are resistant to antibiotics. 

Currently, we are confronted with many unidentified 
and untreated sources of MRSA including asymptomatic car
riers who are spreading MRSA into the community, possibly 
to (future) patients and to HCWs. When those individuals are 
(re) admitted or return to work in a healthcare setting, their 
MRSA carriage is usually unrecognized and they may thus 
contribute inadvertently to the nosocomial spread of MRSA 

In regions where MRSA is highly endemic, it is diffi
cult to determine exactly when, where, and to whom trans
mission occurs. By contrast, in areas where the prevalence 
of MRSA is kept low, it is possible to determine all patients 
and HCWs who have been in contact with an identified 
MRSA carrier and to test all contacts for MRSA carriage. 
This search for contacts together with isolation and treat
ment of carriers are cornerstones of the Dutch "search and 
destroy" policy that has been so successful.89 An important 
component of this approach is having a highly sensitive 
screen for detecting secondary carriers (ie, one should 
apply a broad definition of what constitutes a MRSA con
tact) . In a hospital, in addition to roommates, all HCWs and 
patients on a ward who have had direct or indirect contact 
with a MRSA carrier are at risk for transmission; they all 
are at risk of acquiring MRSA. Using a sensitive culture 
method is likewise important for maintaining a highly sen
sitive screen for MRSA; this usually requires use of a selec
tive enrichment broth.10 The method of isolation chosen 
should exploit the knowledge gained during the past 50 
years regarding the epidemiologic behavior of S. aureus. 
This means that patients should be placed in a separate 
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room with the door closed, and that HCWs should wear full 
protection garments (gown, gloves, and mask) when enter
ing that room. Treatment of carriers to prevent further 
transmission should be instigated as soon as the chance of 
re-colonization has become low (ie, once wounds, skin 
lesions, or catheters in situ have healed or been removed, 
respectively). This policy of search and destroy has been 
the only one associated with effective MRSA control nation
wide, and is probably the key to designing strategies that 
would decrease MRSA incidence in endemic areas.1112 

This issue of Infection Control and Hospital 
Epidemiology contains five important articles from five differ
ent countries on different forms of MRSA surveillance and 
control.13"17 Many research groups are concerned about 
increasing MRSA infections and are attempting to determine 
the magnitude of their MRSA problem following publication 
in 2003 of a Society for Healthcare Epidemiology of America 
(SHEA) guideline on control of nosocomial MRSA and van-
comycin-resistant Enterococcus (VRE) infections.18 

In the first article in this issue, Lucet et al.13 deter
mined the prevalence of MRSA at hospital admission in a 
1,100-bed teaching hospital in Paris, France. In an earlier 
study, they had measured the prevalence of MRSA carriage 
on admission to the intensive care unit (ICU) and found 
that screening for MRSA on ICU admission saved money 
by preventing MRSA infections and their excess costs. 
They therefore concluded that all patients admitted to the 
ICU should be screened.19 In the current 3-month study, 
screening cultures of the nose and skin breaks (when pre
sent) were performed at hospital admission for patients 
older than 75 years; 63 (7.9%) of 797 patients carried MRSA 
and remained in the hospital for a mean of 15.6 days (983 
total patient-days of MRSA carriage). Without this screen
ing, 76% of the MRSA carriers would have remained unrec
ognized throughout their entire hospital stay and only 137 
(13.9%) of the MRSA patient-days would have been spent in 
isolation. More than half of the MRSA carriers had previ
ously been admitted to the same hospital and 16.7% had 
been admitted to another hospital within the past 18 
months; 13% were nursing home residents and 5% were 
receiving home care at the time of the current admission. 
Only 4 cases (6.7%) had no history of recent healthcare 
contact. However, the authors did not investigate the possi
bility of indirect contacts with the healthcare setting (eg, 
via the patients' household members). Of patients without 
MRSA, only 33.8% had been admitted to the same hospital 
within the past 18 months, a significantly smaller propor
tion than among the MRSA-positive patients. It seems clear 
from the epidemiologic data that virtually all MRSA 
patients in their catchment area had acquired MRSA while 
in a healthcare facility. Of note, random screening of 9,662 
individuals in the population at large recently showed a car
riage rate for MRSA of only 0.84% in the United States.20 

Random screening of patients being admitted to nonsurgi
cal wards in hospitals in the Netherlands found a rate of 
0.03%.21 Selective screening of patients on admission on the 
basis of past medical history with isolation and treatment of 
MRSA-positive cases therefore seems possible. 

Lucet et al. did not actively treat carriers of MRSA. 
Failure to eradicate such MRSA reservoirs could allow for 
further nosocomial transmission during the next admis
sion. Detection of MRSA carriers on admission is impor
tant to learn how extensively MRSA has infiltrated the 
healthcare setting and how much the problem has grown. 
However, an effort to control MRSA should not be limited 
to screening on hospital admission. A well-integrated (and 
preferably national) policy would seek to identify, control, 
and eventually eliminate all reservoirs of MRSA in the 
healthcare setting (ie, both inpatient and outpatient). 

In the second article in this issue, Pan et al. describe 
an intervention to control nosocomial MRSA in an Italian 
hospital.14 Their hospital had had extremely high rates of 
MRSA with more than half of all S. aureus infections being 
due to MRSA. Within a cohort of high-risk patient groups, 
they implemented a MRSA control program by identifying 
all MRSA-colonized patients through active screening fol
lowed by applying simple contact precautions (only routine 
gloving and handwashing) and eradication therapy (nasal 
mupirocin three times daily plus chlorhexidine baths once 
daily, both for 5 days) to all MRSA-positive patients. 
Incidence rates of MRSA or methicillin-susceptible S. 
aureus (MSSA) bloodstream infection (BSI) were com
pared during the intervention and preintervention periods. 
Compared with the preintervention period, the incidence 
rate of MRSA BSIs was significantly reduced from 0.64 to 
0.30 per 1,000 admissions during the intervention period. 
The impact was greatest in the ICU, which had an 89% 
reduction. Methicillin resistance among S. aureus blood 
isolates decreased significantly from 46% to 17%. It seems 
very likely that the decrease in MRSA BSIs was due to the 
active screening, isolation, and treatment program, as there 
was no decline in nosocomial MSSA BSIs (ie, the decrease 
was not due to concomitant implementation of some other 
nonspecific measure that decreased all BSIs). The authors 
actively treated all MRSA-colonized patients immediately 
after detection, thereby eliminating many reservoirs of 
MRSA from the hospital. Some may believe that the simple 
contact precautions used by Pan et al. played only a minor 
role in this successful intervention; if so, they should 
review the results of a similar intervention by Thompson et 
al. in which eradication of colonization was not attempted.22 

After 3 years of continually increasing spread of a single 
strain, MRSA had come to account for almost half of all S. 
aureus infections in that hospital. At that point, surveillance 
cultures and isolation of all colonized patients began being 
used and after 1.5 years there were no MRSA infections or 
colonizations detectable in the hospital despite continuing 
surveillance cultures. Patients merely colonized were iso
lated and HCWs were advised to use very good soap and 
water handwashing after contact with them. The similarity 
between the two interventions suggests that surveillance 
cultures and the simple form of isolation used by Pan et al. 
may indeed have been having an effect. Importantly, albeit 
quite effective, the intervention by Pan et al. did not elimi
nate MRSA from the Cremona hospital, indicating that one 
or more MRSA reservoirs were not completely removed. It 
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is possible that this was due to far more than 3 years of 
spread at the Italian hospital with the development of reser
voirs in many, if not all, surrounding acute and long-
term-care facilities. Remaining reservoirs may also have 
included patients colonized but not yet recognized during 
their first or subsequent admissions. Also, as mentioned by 
the authors, it is possible that more thorough contact pre
cautions would have been more effective. In a hospital that 
started off so full of MRSA, it also seems possible that some 
of the continuing problem could relate to some other reser
voir for spread such as colonized HCWs. As long as there 
are significant numbers of colonized individuals within a 
hospital, there also may be contamination of the hospital 
environment that in turn could contribute to spread. 

In the third article in this issue of Infection Control 
and Hospital Epidemiology, Poutanen et al. compared the 
rate of nosocomial MRSA before, during, and after imple
menting universal barrier precautions in four hospitals in 
Toronto, Ontario, Canada, because of the outbreak of 
severe acute respiratory syndrome (SARS).15 A program of 
active MRSA surveillance screening of high-risk patients 
and contact precautions for all colonized patients was 
already in place in all four hospitals. Extra infection control 
measures because of the ongoing SARS outbreak were 
mandated by official directive for 1 month (during parts of 
April and May 2003) and consisted of using personal pro
tective equipment for all patient contacts (SARS or no 
SARS) and replacing personal protective equipment 
between patient contacts. The investigators could not 
detect a significant decrease in the rate of nosocomial 
MRSA acquisition as a consequence of these extra infection 
control measures when compared with the 14-month peri
od prior to this intervention nor when compared with the 6-
month period following it. Although the authors claim that 
in three hospitals the incidence rates were somewhat lower 
after, compared with before, the intervention, their analysis 
was based on cumulative average rates per period and did 
not include a more robust analysis of trends. What can we 
learn from this? Either that the universal application of per
sonal protective equipment for all patients does not consti
tute an efficient barrier to prevent transmission of MRSA or 
that compliance rates were too low. Compliance is one of 
the cornerstones of infection prevention,23 but compliance 
was not directly studied by Poutanen et al. Although the 
authors question the level of compliance with the personal 
protective equipment requirement during the SARS out
break, compliance rates regarding the application of per
sonal protective equipment and other infection control 
measures in their hospitals were likely higher than those 
usually observed in healthcare settings not confronted by a 
SARS threat. This suggests that enhancing adherence to 
standard precautions alone would not significantly curb the 
spread of MRSA in the healthcare setting. 

What do the infectious diseases experts think of 
MRSA and its control? Are preventive measures primarily 
regarded as a nuisance, interfering with delivery of care, or 
are they regarded as an integral part of protecting those not 
colonized by MRSA (ie, the vast majority of patients) from 

such hazards? Certainly, a positive attitude and cooperation 
with infection control policies are crucial to success in con
trolling MRSA Sunenshine et al. give us insight into the 
opinions of infectious diseases consultants in U.S. hospitals 
regarding surveillance cultures and isolation measures for 
drug-resistant organisms including MRSA16 Infectious dis
eases physicians are often able to see the dramatic conse
quences of an infection by multidrug-resistant bacteria such 
as MRSA It is thus clear why most infectious diseases physi
cians strongly supported the use of contact precautions for 
preventing spread from a patient known to have MRSA to 
other patients on a ward. It is disappointing to learn that only 
50% of the respondents favored the routine use of surveil
lance cultures for MRSA. Their attitudes and opinions are in 
contrast to the article by Pan et al. and many other studies18 

as well as the experience in Northern European coun-
tries8,9'11'21 demonstrating a decrease in the prevalence of 
MRSA infections by identification and isolation.14 It is not 
clear why half of those surveyed remained unaware of the 
benefits of surveillance cultures except that many of those 
surveyed admitted that they worked in hospitals where sur
veillance cultures were not being tried much less used regu
larly like in the Netherlands. Mathematically, it makes little 
sense to insist on contact precautions only for the occasion
al patient detected by routine clinical cultures because the 
vast majority of colonized (and contagious) patients are 
never detected by routine clinical cultures, as demonstrated 
in the study of Lucet et al. discussed above.13 Active surveil
lance of patients for MRSA carriage is now recommended by 
a SHEA guideline18; this recommendation was evidence 
based and classified as category LA This recommendation 
seems sound because identifying the MRSA reservoir has 
clearly been helpful in preventing transmission.1821 All stud
ies of cost-effectiveness to date have concluded that control
ling the spread of MRSA costs less than the more expensive 
infections that occur when it is allowed to spread out of con
trol.14181924-25 The costs of screening and isolation may be 
further minimized by the recent introduction of novel and 
rapid assays to detect carriers among patients and 
HCWs.26'27 

Finally, "l'histoire se repete."28 The importance of 
tracking all cases of MRSA is described by Urth et al. in 
their efforts to control community spread of MRSA.17 

During a period of 6 years, they meticulously carried out a 
search and destroy policy in Denmark. They found a par
ticularly virulent clone of leukocidin-positive MRSA, proba
bly of Middle Eastern origin, to spread within certain fami
lies of refugees and immigrants and through kindergartens 
and schools as well as workplaces, thus posing new chal
lenges for infection control. They screened all household 
members and treated carriers so detected, thereby pre
venting further spread. They correctly reasoned that if 
transmission in the community is not prevented, a high 
prevalence could be reached in the population at large, 
resulting in introduction of such strains into hospitals. No 
introduction of that strain into the local hospital was found 
during the 6-year study. A robust (international typing sys
tem is a prerequisite to be able to track and trace epidemic 
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clones of MRSA. Recent studies of the spread of MSSA 
involved in skin infections have shown that a few strains 
can be responsible for the majority of all infections.29 Those 
strains have the capability of spreading, partly due to the 
high density of staphylococci on the exterior of the body 
during skin infection and partly through other, still 
unknown, transmission factors.3031 Among collections of 
both resistant and susceptible isolates of S. aureus, epi
demic and non-epidemic behavior can be seen, although 
methicillin-resistant strains are favored in spreading com
pared with methicillin-sensitive strains.2530 This is also 
observed when contacts of MRSA carriers are traced and 
tested. Nevertheless, when a MRSA strain is introduced 
into a given setting for several days or weeks, spreading is 
seen in only a few instances. The challenge now lies in 
unraveling the genes responsible for transmission to be 
able to focus search and destroy campaigns on strains with 
a high capacity of spreading (ie, with an inherently high 
reproductive number). The Danish study is not a signal to 
throw in the towel and give up. It should be viewed as a 
stimulant to continue and expand our active search and 
destroy policies. It is important that new transmission 
routes and new reservoirs are being studied. New knowl
edge should be used to improve national policies in a time
ly fashion as it becomes available so that infection control 
workers will not fall behind and lose control of MRSA, as 
many countries have done. The way the Danish actively 
detect, search, analyze their data, and adjust their methods 
with MRSA is a good example to policy makers around the 
world trying to control MRSA in their hospital, region, or 
country. Although SCCmec type IV strains have been 
detected in Northern European countries such as 
Denmark and the Netherlands for the past decade, nosoco
mial MRSA infection rates remain very low in these coun
tries. Clearly, if we do battle, we will overcome even MRSA. 
Hospital epidemiologists and infection control profession
als should be leading this battle, but in many places they 
"have not yet begun to fight" In such places, where MRSA 
infections have been allowed to spread out of control, hos
pital administrators or politicians may eventually begin to 
demand better control of this leading hospital pathogen. 
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