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The global epidemiology of meticillin-resistant Staphylococcus aureus (MRSA) is characterized
by different clonal lineages with different epidemiological behaviour. There are pandemic hospital
clones (hospital-associated (HA-)MRSA), clones mainly causing community-acquired infections
(community-associated (CA-)MRSA, mainly USA300) and an animal-associated clone (ST398)
emerging in European and American livestock with subsequent spread to humans. Nosocomial
transmission capacities (RA) of these different MRSA types have never been quantified. Using
two large datasets from MRSA outbreaks in Dutch hospitals (dataset 1, the UMC Utrecht for
144 months; dataset 2, 51 hospitals for six months) and a recently developed mathematical
model, we determined the genotype-specific RA for ST398 and non-ST398 isolates (categorized
as HA-MRSA), using observational data, the detection rate of MRSA carriage and the discharge
rate from hospital as the input. After detection of 42 MRSA index cases in dataset 1 (all non-
ST398 MRSA) 5076 people were screened, yielding 30 secondary cases. In dataset 2, 75 index
cases (51 non-ST398 MRSA and 24 ST398) resulted in 7892 screened individuals and 56 and
three secondary cases for non-ST398 MRSA and ST398, respectively. The ratio between
discharge and the detection rate was 2.7. RA values (95% confidence interval (CI)) were 0.68
(0.47–0.95) for non-ST398 MRSA in dataset 1, 0.93 (0.71–1.21) for non-ST398 MRSA in data-
set 2 and 0.16 (0.04–0.40) for ST398. The RA ratio between non-ST398 MRSA and ST398 was
5.90 (95% CI 2.24–23.81). ST398 is 5.9 times less transmissible than non-ST398 MRSA in Dutch
hospitals, which may allow less stringent transmission-control measures for ST398 MRSA.

Keywords: meticillin-resistant Staphylococcus aureus; ST398; RA;
antibiotic resistance; mathematical model
1. INTRODUCTION

Meticillin-resistant Staphylococcus aureus (MRSA)
nowadays causes 25–50% of all nosocomial S. aureus
infections in most developed countries and has been
associated with considerable attributable morbidity,
mortality and healthcare costs (US, 50–60% [1];
Europe, 25–50%; http://www.rivm.nl/earss/database/;
[2]). Moreover, MRSA is increasingly causing commu-
nity-acquired infections as well [3,4]. The molecular
epidemiology of MRSA is characterized by the occur-
rence of pandemic clones [5], highly prevalent within
healthcare settings (so-called hospital-associated (HA)
orrespondence (m.c.j.bootsma@uu.nl).
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MRSA); rapidly emerging clones (e.g. USA300 and
USA400), mainly causing skin infections in non-hospital-
ized healthy subjects (so-called community-associated
(CA) MRSA); and the recent emergence of MRSA
sequence type (ST)398. ST398 was originally detected
in European livestock, mostly calves and pigs, with sec-
ondary transmission to animal caretakers [6–9] and
subsequent nosocomial transmission, but recent studies
report its presence in many other countries, including
the USA [10,11], Canada [12], Singapore [13] and
China [14]. Currently 30 per cent of all newly detected
MRSA carriers in The Netherlands are colonized with
ST398 [15] and it has been suggested that ST398 is
more virulent than other S. aureus genotypes [16].

However, little is known about the transmission
capacities of different MRSA clones. This can be expressed
as R0, defined as the average number of secondary cases per
primary casewhen the disease is introduced in a susceptible
This journal is q 2010 The Royal Society
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Table 1. Parameters used in the model.

parameter symbol

transmission rate l

detection rate d
discharge rate m

parameter of geometric distribution j

single admission reproduction number RA ¼ l
m

ratio of detection and discharge rate r ¼ d
m
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population [17,18].QuantifyingR0 is important for predict-
ing future epidemiology and assessing the necessary
stringency of infection control. In this paper, we try to esti-
mate the transmission capacity of ST398 MRSA and of
non-ST398 MRSA.

The Netherlands is among the few countries that
succeeded in controlling nosocomial spread of MRSA
[19]. As part of a nationally adopted control programme,
all identified carriers of MRSA are strictly isolated
during hospitalization. Moreover, patients with a rela-
tively high risk of carriership of MRSA are screened on
admission. The main reasons for a perceived high risk
are (i) a history of colonization with MRSA, (ii) a
recent hospitalization in a foreign hospital, (iii) patients
transferred from a unit with an ongoing uncontrolled
MRSA outbreak, and (iv) patients who have
professional contact with pigs or live on a pig farm.

An index patient is defined as a finding of MRSA in a
patient who was not screened on admission because he/
she belonged to a high-risk category, was not treated in
isolation and did not have the same genotype as an iso-
lated patient present in the unit (see the Dutch
guidelines, www.wip.nl/UK/free_content/Richtlijnen/
MRSA(1).pdf). An index patient is usually detected as
being a carrier of MRSA as a result of microbiological cul-
tures obtained as part of a diagnostic work-up. After
detection of an index patient, all contact patients and
healthcare workers (HCWs) who might have had contact
with this index patient are screened for MRSA carriage.
The number of patients and HCWs with the same geno-
type as the index case found by this contact screening
during outbreaks in Dutch hospitals are our main data,
i.e. the number of secondary cases before control measures,
such as isolation of the index case, were installed.

However, even with intensive screening, secondary
cases remain undetected if they have lost colonization
or have already been discharged from the hospital.
Here, we use the results of these screening efforts and
genotyping results and a recently developed mathemat-
ical model [20] to determine the single admission
reproduction number (RA) for the two MRSA types
that are relevant in The Netherlands, i.e. HA-MRSA
(further referred to as non-ST398) and ST398. The
single admission reproduction number RA is defined
as the average number of secondary cases caused by
one primary case when other patients are susceptible
during a single hospital admission of the primary case
[21], i.e. secondary cases infected outside the hospital
or secondary cases infected by the primary case
during subsequent hospital admissions are not taken
into account. By focusing on nosocomial transmission
rates only, we avoid speculative assumptions about
differences in the duration of carriage between MRSA
strains and potential differences in hospital readmission
rates between carriers of different MRSA strains.
2. MATERIAL AND METHODS

2.1. Methods

2.1.1. Model. We use a mathematical model [20] to
estimate the strain-specific transmission capacity
(RA value). This model assumes that each outbreak is
J. R. Soc. Interface
caused by one colonized patient who enters the hospital
while all other patients are uncolonized. A colonized
patient may spread the MRSA strain to uncolonized
patients, and colonized patients may be detected as
such. We assume that, once an MRSA carrier (the index
case) is detected as such, all colonized patients involved
in the outbreak who are still hospitalized will be detected
by contact screening. Three rates determine the spread
of MRSA: (i) the rate at which a colonized patient spreads
the bacterium to other patients (l) (see table 1 for a sum-
mary of the symbols used), (ii) the rate at which a
colonized patient is detected as such in the absence of
active screening for colonized patients (d) (for instance,
as a result of microbiological cultures obtained as part of
a diagnostic work-up), and (iii) the rate at which coloniza-
tion can no longer be detected in a patient (m). More
details on the model can be found in the electronic sup-
plementary material. The model predicts that the
distribution of the number of colonized individuals at the
time of the first detection (referred to as the detected out-
break size) is geometrically distributed with parameter

j ¼ 1� ðlþ mþ d �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ððlþ mþ dÞ2 � 4lmÞ

q
=2mÞ (see

the electronic supplementary material) and j can be esti-
mated from the data on outbreak sizes. A colonized
patient can spread his/her strain for an average duration
of 1/m and he/she infects per time unit on average l new
cases; the single admission reproduction number RA is
given by RA ¼ l/m. Knowledge of detected outbreak
sizes alone is insufficient to calculate RA, because small
detected outbreak sizes could correspond either to a low
transmission capacity (RA value) or to a high detection
rate.

For MRSA, patients typically remain colonized
during hospitalization, so the infectious period ends
with discharge and m can be interpreted as the dis-
charge rate. The average discharge rate was calculated
from admission and discharge data of all patients
admitted in 2005 in the UMC Utrecht. m equals 1
over the mean length of stay of all patients (almost all
non-carriers of MRSA as the prevalence of MRSA in
Dutch hospitals is less than 1%). All blood cultures, res-
piratory tract cultures and wound cultures performed in
the UMC Utrecht in 2005 were extracted from the hos-
pital database. The upper bound for the detection rate
d equals the total number of cultures performed in 2005
divided by the total number of patient days in 2005.
The ratio of these two rates, r ¼ d/m, together with
the parameter of the geometric distribution, suffices to
calculate the single admission reproduction number
RA, and we have the following explicit formula: RA ¼
(1 2 j)(r þ j)/j.

http://www.wip.nl/UK/free_content/Richtlijnen/MRSA(1).pdf
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Table 2. Short description of the data and results. Note that the isolates classified as non-ST398 MRSA results contain many
different genotypes.

non-ST398 MRSA
ST398

dataset 1 dataset 2 dataset 2

N index cases 42 51 24
N secondary cases 30 56 3
N screened

patients 1501 1951 183
HCWs 3575 4794 964

discharge rate (days) 1/6.63 1/6.63 1/6.63
detection rate (days) 1/18 1/18 1/18
j (95% CI) 0.58 (0.47–0.69) 0.48 (0.38–0.57) 0.89 (0.74–0.97)
RA (95% CI) 0.68 (0.47–0.95) 0.93 (0.71–1.21) 0.16 (0.04–0.40)
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The relative spreading capacities of non-ST398
MRSA and ST398, under the assumption that the
discharge rate and the detection rate are equal for
each of the MRSA types, are determined by the ratio
of the RA values.

Only cases detected by screening with an identical
genotype to that of the index patient, based upon geno-
typing, were considered secondary cases. If different
outbreaks with the same genotype occur simultaneously
in a single ward, the method will overestimate RA as
multiple outbreaks may be ascribed to a single index
case. However, given the low prevalence of MRSA in
The Netherlands (less than 1 %), outbreaks are unlikely
to interfere.

The constant discharge rate m implies an exponen-
tially distributed length of stay. In the electronic
supplementary material, we also consider a gamma
distribution and a lognormal distribution for the
length of stay. We also assumed that there are always
many uncolonized patients, so that the transmission
rate (l) does not depend on the number of uncolonized
patients. If depletion of uncolonized patients during the
outbreak is relevant, the size of the unit becomes rel-
evant, and formulae for this case are presented in the
electronic supplementary material. Finally, a sensitivity
analysis of the RA value to the detection rate d is
presented in the electronic supplementary material.

2.1.2. Statistical analysis. The parameter j for the geo-
metric distribution of detected outbreak sizes was
determined using maximum-likelihood estimation. If
there are N outbreaks with in total M secondary
cases, the likelihood is given by L ¼ jN (1 2 j )M.
The maximum-likelihood estimator is given by
jMLE ¼M/(N þM). Confidence areas were calculated
using the profile-likelihood method. An exact-test
(based on 1 000 000 simulations) was used to assess
whether the outbreak sizes were geometrically
distributed.

2.2. Data

Two detailed datasets on observed outbreak sizes
within Dutch hospitals were available for analysis
(tables 2 and 3 and figure 1). Dataset 1 consisted of
all epidemiological MRSA data from 1995 until 2006
J. R. Soc. Interface
(144 months) from the University Medical Center
Utrecht (UMCU). Dataset 2 contained all MRSA out-
breaks from July 2006 until January 2007 in 55 out of
94 Dutch hospitals (306 hospital months in total;
[15]). Data were collected using a questionnaire. Geno-
typing results were available from 51 hospitals. The
screening policy was uniform for all hospital wards.
When MRSA is detected in a non-isolated patient
(i.e. an index patient; see §1), the patient is isolated
and the roommates and HCWs involved in direct care
for the index patient are screened for MRSA carriage.
In patients, swabs from the anterior nares, throat, peri-
neum and, if present, wounds, catheter insertion sites,
sputum and urine samples (in patients with an indwel-
ling urinary catheter) are obtained. In HCWs, swabs
from the anterior nares, throat and, if present,
wounds are obtained. Specimens are processed accord-
ing to the guidelines of the Dutch Society of Medical
Microbiology. Conventional microbiological cultures
(including a broth enrichment step for all swabs) are
combined with molecular diagnostics or selective and
non-selective agar plates according to local protocols
(see http://www.wip.nl/free_content/richtlijnen/
mrsa%20ziekenhuis080310.pdf). Detection of a secondary
case initiated screening of contacts of the secondary case.
Here, only secondary cases with the same genotype as the
index case were considered as secondary cases.

All MRSA isolates were genotyped with pulsed-field
gel electrophoresis (PFGE) or phage typing (before
2002). MRSA isolates were grouped as either ST398
(i.e. non-typeable with smaI digested PFGE) or as
non-ST398 MRSA. USA300 and USA400 are only spor-
adically isolated in The Netherlands. Informed consent
was not required for this study.
3. RESULTS

Dataset 1 contained 42 index patients carrying 32
different genotypes (one present in four index patients),
all categorized as non-ST398. Identification of these 42
index patients led to screening of 3575 HCWs and 1501
patients with 30 secondary cases (11 HCWs and 19
patients). The observed outbreak sizes (including the
index case) ranged from one to seven cases (figure 1).
In only one outbreak, infection control measures
seemed to have failed, as new cases of the same

http://www.wip.nl/free_content/richtlijnen/mrsa%20ziekenhuis080310.pdf
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Table 3. Frequencies of different outbreak size (number of
secondary cases in patients and in HCWs) for dataset 1, and
non-ST398 and ST398 outbreaks of dataset 2.

no.
patients

no.
HCW

dataset
1

2: non
ST398

2:
ST398

0 0 28 39 22
0 1 2 2 1
0 2 0 1 1
0 4 0 1 0
1 0 6a 1 0
1 1 1 1 0
2 0 0 2 0
2 1 1 0 0
2 2 2 0 0
3 0 1 0 0
3 3 1 0 0
4 2 0 1 0
6 7 0 1 0
7 2 0 1 0
7 6 0 1 0

aIn one outbreak is the number of HCWs involved unknown.
The data are summarized in figure 1.
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Figure 1. Histogram of the outbreak sizes (including the index
case) in dataset 1, the non-ST398 MRSA cases of dataset 2
and the ST398 cases of dataset 2. In all three groups, in the
majority of the outbreaks, the contact screening did not
reveal secondary cases. Black bars, 1: non-ST398; white
bars, 2: non-ST398; grey bars, 2: ST398.
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genotype were detected after screening of contact
patients and HCWs. These cases that were detected
later on were not used in our analysis.

Dataset 2 contained 75 index patients; 24 with
ST398 and 51 with non-ST398 MRSA. After detection
of carriage of ST398 (n ¼ 24), 964 HCWs and 183
patients were screened, yielding three secondary cases
(all HCWs). After detection of non-ST398 MRSA car-
riage, 4794 HCWs and 1951 patients were screened,
yielding 56 secondary cases (26 HCWs and 30 patients)
(figure 1 and table 2). The number of screened patients
and HCWs per index case is higher for non-ST398
MRSA, as more secondary cases were found for this
type, resulting in additional screening of potential
contacts of secondary cases (table 2).

In 2005, 21 397 patients were admitted to the
UMCU, yielding 138 709 patient days. The number
of blood cultures, respiratory tract cultures and
wound cultures obtained was 3614, 3972 and 910,
respectively. The total number of relevant cultures
was 7699 (only one culture counted per day). If each
of these cultures would have led to detection of
MRSA if the patient were colonized or infected, the
upper bound for the detection rate of MRSA equal-
led 7699/138 709 per patient day. Therefore, detection
would occur, on average, once per 18 days of coloniza-
tion. The mean length of stay was 6.63 days, so the
discharge rate is at least 2.7 times as large as the
detection rate.

The maximum-likelihood estimate for j (95% confi-
dence interval (CI)) is 0.58 (0.47–0.69), 0.48 (0.38–
0.57) and 0.89 (0.74–0.97) for all non-ST398 MRSA
in dataset 1, non-ST398 MRSA in dataset 2 and
ST398 in dataset 2, respectively. There was no reason
to reject the hypothesis of a geometrically distributed
outbreak size for dataset 1 and the ST398 data in data-
set 2 (p ¼ 0.13 and p ¼ 0.22, respectively), but there
was for non-ST398 MRSA in dataset 2 ( p , 1026).
Combining non-ST398 MRSA outbreaks from datasets
1 and 2 leads to j ¼ 0.52 (0.44–0.59) ( p ¼ 0.0002 for
geometric distribution). The reasons for the deviation
of the geometric distribution and implications for the
results are given in the Discussion.

If we do not know the probability per day that an
index case is detected as such, the estimated spreading
J. R. Soc. Interface
capacity of non-ST398 MRSA is five to nine times
higher than that of ST398 (95% CI 2.0–38.7) based
on dataset 2, and four to six times higher than that of
ST398 (95% CI 1.5–25.6) when based on dataset 1
and ST398 of dataset 2. Using the calculated
discharge/detection ratio of 2.7, the RA values (95%
CIs) are 0.68 (0.47–0.95) for non-ST398 MRSA in
dataset 1, 0.93 (0.71–1.21) for non-ST398 MRSA in
dataset 2 and 0.16 (0.04–0.40) for ST398 in dataset 2.
These RA values, however, will be an overestimation if
some cultures taken from MRSA carriers did not lead
to detection. Using the ratio of 2.7 for the discharge/
detection ratio, at least 61 per cent, 56 per cent and 71
per cent of the outbreaks have remained undetected for
non-ST398 MRSA based upon datasets 1 and 2 and
for ST398 based upon dataset 2, respectively, and the
spreading capacity of non-ST398 MRSA was 5.90 times
higher than that of ST398 (95% CI 2.24–23.81) based
on dataset 2. Estimation of RA values is relatively in-
sensitive to increasing the ratio of the discharge rate
and the detection rate. For instance, RA values would
be 0.49 (0.35–0.65) and 0.63 (0.50–0.78) for non-ST398
MRSA in datasets 1 and 2, and 0.12 (0.03–0.30) for
ST398 in dataset 2, if this ratio had been 10. The relative
spreading capacity of ST398 MRSA compared with non-
ST398 is even less sensitive to the ratio of the discharge
rate and the detection rate.
4. DISCUSSION

Here, we have shown that, in comparable conditions,
ST398 MRSA is less transmissible than non-ST398
MRSA in Dutch hospitals. The application of a recently
published branching type model [20] provides an easy
method to determine RA values and CIs using
observational data on observed outbreak sizes and
detection and removal rates. Although we have
used this method to determine, for the first time,

http://rsif.royalsocietypublishing.org/
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genotype-specific RA values for MRSA, the model is
applicable for all pathogens, regardless of the distri-
butions of the infectious period, as long as outbreaks
are rare and extensive efforts are made for the detection
of secondary cases. The epidemiology of MRSA in
Dutch hospitals fulfils these criteria. Outbreaks are rela-
tively rare, as we observed, on average, 0.3 index cases
per month. The model is specifically suited for situ-
ations in which the total outbreak size cannot be
determined, either because patients are no longer infec-
tious or because they have left the population (and are
not screened). In our settings, screening efforts for
MRSA are extensive for patients still hospitalized, but
much less so for those already discharged. In these
patients, there is a delay in screening, not all comply
with voluntary screening and the infectious period is
probably shorter than among hospitalized patients (e.g.
because of the absence of antibiotic selective pressure).

However, several assumptions about homogeneity
were made that should be discussed. First, we do not
distinguish between HCWs and patients. For MRSA,
both patients and HCWs are considered to be at risk
for colonization [22], but their infectious period, their
detection rate and their infectivity may be different.
A difference in susceptibility or the length of the infec-
tious period between HCWs and patients or between
patient groups should not affect the geometrical distri-
bution of the outbreak sizes [20], but a difference in the
risk of detection could influence the results. However, if
we ignore the information on the number of HCWs
involved in the outbreak, the estimated RA values will
become even smaller and the difference in spreading
capacity of ST398 compared with non-ST398 would
only become larger (see the electronic supplementary
material). Second, we considered all patients to be
equally at risk for acquiring MRSA colonization. Yet,
nasal carriage with S. aureus (usually meticillin-
susceptible) is not universal, and, for unknown reasons,
50 per cent of healthy subjects seem to be resistant to
carriage [23]. It is unknown whether similar proportions
of hospitalized patients and HCWs are resistant to colo-
nization with MRSA. However, a model with a finite
pool of susceptible individuals provided similar results
for the estimates of the transmission capacity (see the
electronic supplementary material), assuming that the
number of individuals at risk is sufficiently large, i.e.
the error made is at most 10 per cent if the number of
individuals at risk is 21, 30 and 13 for non-ST398 in
dataset 1 and 2 and ST398 in dataset 2, respectively.
Third, we have analysed the non-ST398 MRSA out-
breaks as if all non-ST398 MRSA isolates were
identical, despite differences in PFGE profiles. It is, of
course, highly unlikely that all non-ST398 MRSA
strains will have the same transmission potential. Yet,
because of the small number of outbreaks per PFGE
type, a genotype-specific analysis was not feasible. In
the electronic supplementary material, we have per-
formed a random effects analysis to allow for
difference in spreading capacity between non-ST398
MRSA outbreaks. This mean of the RA value is still
well below 1 and does not change significantly for the
three datasets. However, the results suggest that there
may be quite some variation in RA values between
J. R. Soc. Interface
non-ST398 MRSA outbreaks. Whether the variation
in transmission capacity can be ascribed to differences
between non-ST398 MRSA strains or between different
patient populations in which the outbreaks occurred is
unknown.

Fourth, we assumed that all carriers are equally
infectious. Superspreaders may be important in out-
breaks, but lack of data, e.g. we do not know who
infected who, excludes investigation of this factor.
Fifth, we do not know the motivation for the culture
that revealed MRSA colonization in the index case
and whether these incentives are similar for non-
ST398 and ST398 MRSA. Also, the detection rate for
the individual who introduced MRSA into the hospital
may be higher when risk factors (history of MRSA colo-
nization, recent hospitalization in a foreign hospital or
being in close contact with pigs or calves) are not
noticed on admission, but at a later stage. Sixth, we
have assumed that infection, discharge and detection
rates are identical in different wards and for different
MRSA genotypes, which is, of course, unlikely. Yet,
as for PFGE types, a separate analysis per hospital or
hospital ward was not feasible given the small numbers
of outbreaks. All these factors could explain why the
outbreak sizes for non-ST398 MRSA in dataset 2 are
not geometrically distributed, which implies that the
observed estimates and confidence regions of non-
ST398 MRSA in dataset 2 should be interpreted with
caution. Seventh, we used one ratio for the discharge/
detection rates for the complete dataset, which was
based on data from a single hospital only. However,
the average duration of hospitalization was similar in
different regions in The Netherlands (range 6.0–6.3
days; data from the Dutch national census institute),
which is slightly lower than the average duration of hos-
pitalization in the UMCU of 6.6 days. A shorter average
length of stay, however, would only lower the calculated
RA values. In fact, the ratio of discharge/detection rates
probably is an upper bound, as we assumed that all
blood, urine and wound cultures performed on a colo-
nized patient would lead to the detection of MRSA.
As carriage of MRSA typically is asymptomatic, it is
unlikely that discharge rates will be influenced by car-
riage. However, carriage of non-ST398 MRSA might
be associated with a higher severity of illness when com-
pared with ST398 carriage. Hence, one would expect
that the detection rate is higher among carriers of
non-ST398 MRSA. This, however, would only increase
the differences in spreading capacity between ST398
and non-ST398 MRSA. Eighth, we assumed that all
cultures, both those taken for screening and those
taken for clinical reasons, have 100 per cent sensitivity
for detecting MRSA. As broth enrichment is generally
used in Dutch laboratories for MRSA screening cultures
(according to guideline recommendations), sensitivity
probably is very high [24]. Moreover, the clinical
samples submitted to the microbiology laboratories
that were used for calculation of the detection rate are
always processed for the presence of S. aureus, and, if
detected, antibiotic susceptibility for oxacillin is
always determined (followed by determination of the
presence of the mecA gene if resistant). In cases of
lower sensitivity, the true discharge/detection rate
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would be higher than 2.7 and the calculated RA values
are upper bounds.

Finally, we assumed that the duration of the infec-
tious period was exponentially distributed. For most
multi-resistant nosocomial bacteria, the average
length of hospitalization is much shorter than the aver-
age duration of colonization [25–27], so colonized
patients typically remain colonized during hospitaliz-
ation and the infectious period in the hospital ends
with patient discharge. Although the length of hospital
stay is not exponentially distributed, we have used it
here because of the ease of interpretation of the par-
ameters. However, the observation that outbreak sizes
are geometrically distributed holds equally for other dis-
tributions of the infectious period [20], and, in the
electronic supplementary material, we show that we
obtain similar results with a lognormal or a gamma
distribution.

The calculated RA values per admission of non-
ST398 MRSA were comparable in both datasets (i.e.
0.68 and 0.93), and are below 1. This coincides with pre-
viously described models [21,28,29], which all predicted
that the spreading capacity of non-ST398 MRSA per
admission is insufficient to lead to an epidemic and
that readmission of colonized patients is essential to
create nosocomial endemicity. However, in these
studies, RA values were assumed to evaluate the effects
of interventions, without providing methods to estimate
RA directly.

The RA estimate of 0.16 of ST398 means that noso-
comial transmission will occur infrequently and that
less stringent control measures (when compared with
those for non-ST398 MRSA) are probably sufficient to
prevent endemicity with this genotype in Dutch hospi-
tals. We should mention here that the RA value not only
depends on characteristics of the pathogen, but also on
characteristics of the population in which it spreads. So
the lower RA value for ST398 MRSA may also indicate
that ST398 MRSA is more probably introduced in
wards with patients who are less susceptible for
acquisition of colonization.

USA300 or USA400 isolates are only sporadically
encountered in The Netherlands. In the USA, however,
these isolates have become frequent causes of commu-
nity-acquired S. aureus infections in many cities
[30,31], with several recent studies reporting nosocomial
spread [32]. As long as the critical assumptions of the
model are not violated and sufficient microbiological
data are available, application of our model could pro-
vide important information of the transmission
potential of CA-MRSA in US hospitals. Such infor-
mation would allow quantification of future
epidemiology and guidance of genotype-specific
transmission control measures.

The lower RA value for ST398 could result from bac-
terial and/or host characteristics. Our observations
corroborate the idea that ST398 is more adapted to ani-
mals than to humans. On the other hand, animal
caretakers usually belong to a healthy population
(when compared with hospitalized patients colonized
with non-ST398 MRSA), and they may be less likely
to transmit the pathogen to other patients. The biologi-
cal explanation for this genotype-specific difference in
J. R. Soc. Interface
transmission capacity remains to be determined. Yet,
if this lower RA results from host-specific adaptation,
an observed increase of RA could be an early sign of
progressive adaptation to the human host.
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