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Insights from “data free” models

 1. Stochastic effects dominant
 2. Resistance levels change quickly in response to changes in drug use 

and resistance can disappear quickly after a drug is discontinued  or in 
response to other interventions (if resistance is rare in the community).

 3. Non-specific control (e.g. hand hygiene) disproportionately reduces 
resistance (if resistance is rare in the community).

 4. Long-term dynamics can be driven by a build-up of resistance in the 
community reservoir.

 5. Long-term control failure is possible, even when all outbreaks are 
controlled successfully in the short-term.

Grundmann & Hellriegel, Lancet Inf Dis 2006
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Susceptible
patients

Colonized or 
infected

Maximum likelihood estimation of 
parameters for a simple transmission 
model for  a hospital ward

Assumptions: 
• Susceptible patients become colonized faster as the number of 
colonized 
patients on the ward increases (colonization pressure).
•Colonization assumed to last a long time compared to length of 
stay 
• The Markov assumption (what happens next depends only on the 
current state of the system, not on history).

Parameters
• rate of replacement of colonized by non-colonized 
patientsTransmission rate (c)
• spontaneous colonization rate  (a)
• transmission rate (θ)

Proposed by Pelupessy et al. (PNAS 2002) for analysing hospital 
infection data.  
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Markov assumption violated. 
Structured Hidden Markov Models are required.

If only those patients who develop infections are observed :

Cooper & Lipsitch, Biostatistics 2004, 5, 223-237

Susceptible
patients

Colonized or 
infected
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h1 h2 h3 h4

Hidden (unobserved) state

o1 o2 o3 o4

Observation.

Structured Hidden Markov Models

Observation model

Pr(Ht+h =i+1|Ht=i)=βi(N-i)h + ν(N-i)µh + o(h)
If i<N (0 otherwise). 
Pr(Ht+h =i-1|Ht=i)=(1- ν)iµh + o(h)
If i>0 (0 otherwise). 
N is number of patients or beds, 
µ is discharge rate
ν is probability patient is +ve on admission
β is transmission parameter
h is a short time interval
i can be interpreted as the number of colonized 

Pr(Yt =y|Ht=i)=exp(-λi)(λi)y/y!
i.e. Poisson with mean λi

Transmission model
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Bayesian formulation of the HMM
 Likelihood methods may fail due to: 

  sparse data (convergence failure)
 state space being too large (numerical problems)
 MLE may correspond to a biologically implausible region of parameter space 

 Problems may be overcome by adopting a Bayesian perspective, using prior information (e.g. for 
proportion colonized on admission).

McBryde et al., J R Soc Interface, 2007 ; 4: 745-754
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1. We observe an individual’s “state” 
only at certain time points. This 
leads to censored data.

Day
1 2 3 4 5 6 7

uncolonized colonized

Right censored data
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1. We may observe an individual’s 
“state” only at certain time points. 
This leads to censored data.

Day
1 2 3 4 5 6 7

uncolonized colonized

Interval censored data
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2. The probability that a person’s state 
changes at a particular time depends on the 
states that other patients are in

colonized

uncolonized

Day
1 2 3 4 5 6 7

colonized

uncolonized

0

2
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3.There may be ascertainment error:

 false negative results: e.g. a  negative 
MRSA screening swab when a patient 
is MRSA positive

 false positive results:  positive 
screening result when a patient is 
negative
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D=data. A=augmented data.

Likelihood of data given augmented data
(observation model)

Likelihood of augmented data given parameters
(transmission model)

Prior probabilities of parameters
(prior model)

Solution: Bayesian data augmentation



time 

Patient 1

Patient 2

Patient 3

= positive swab (observed data)

= negative swab (observed data)

Observed data 
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time 

Patient 1

Patient 2

Patient 3

= carriage episode (latent or unobserved process)

= positive swab (observed data)

= negative swab (observed data)

Observed data & unobserved process
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time 

Patient 1

Patient 2

Patient 3

= carriage episode (latent or unobserved process)

= positive swab (observed data)

= negative swab (observed data)

Observed data & unobserved process
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time 

Patient 1

Patient 2

Patient 3

= carriage episode (latent or unobserved process)

= positive swab (observed data)

= negative swab (observed data)

Observed data & unobserved process
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Biostatistics 2007
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ξ  - swab sensitivity; ν  - probability colonized on   admission 
Φ – carriage clearance rate; β1, β2, β3   - transmission rates in phases 1-3

Am J Epidemiol 2008



Policy questions

Which screening technologies and screening strategies should  
be used for controlling MRSA when combined with isolation 
and decolonisaiton measures? 

Is it worth investing in new molecular screening test that gives a 
result in a few hours instead of a few days (with higher 
sensitivity)? If so, who should we screen with a rapid test?

Benefits of a change a screening policy have to be weighed 
against costs. We have to ask, could the money have had 
greater health benefit if invested elsewhere in the health 
service? 

3
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Many hospitals screen patients for asymptomatic MRSA 
carriage (colonisation), but practices vary greatly and 
there  is  wide selection of screening technologies:

Conventional Culture
Chromogenic Agar: CHROMagar; MRSA-ID; MRSA-Select 
PCR: IDI-MRSA/gene-ohm; Genotype MRSA direct; Hyplex StaphyloResist; Easy-plex 

all with different characteristics:

Throughput

Turn around time
(time from screen to 
action taken based 
on screen result)

Sensitivity
(prob. screen is +ve if 
patient  has MRSA)

Specificity
(1-prob. screen is 
+ve if patient does 
not have MRSA)

Costs
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Who and when to screen?

Different combinations of admission, 
discharge, periodical (i.e. weekly or 

twice weekly) and targeted screening.

What screening technology to use?

Combine with what control measures?

Isolation (single rooms, isolation wards, 
patient and staff cohorting, and contact 

precautions)

Therapy to suppress colonisation (e.g. 
chlorhexidine body washes, mupirocin)



doi:10.1136/bmj.329.7465.533 
 2004;329;533 BMJ

  
G Duckworth, R Lai and S Ebrahim 
B S Cooper, S P Stone, C C Kibbler, B D Cookson, J A Roberts, G F Medley,
  

 (MRSA): systematic review of the literature
Staphylococcus aureusof methicillin resistant 

Isolation measures in the hospital management

 http://bmj.com/cgi/content/full/329/7465/533
Updated information and services can be found at: 

 These include:

 References

 http://bmj.com/cgi/content/full/329/7465/533#otherarticles
3 online articles that cite this article can be accessed at: 
  

 http://bmj.com/cgi/content/full/329/7465/533#BIBL
This article cites 66 articles, 9 of which can be accessed free at: 

Rapid responses

 http://bmj.com/cgi/eletter-submit/329/7465/533
You can respond to this article at: 
  

 http://bmj.com/cgi/content/full/329/7465/533#responses
free at: 
3 rapid responses have been posted to this article, which you can access for

 service
Email alerting

box at the top right corner of the article 
Receive free email alerts when new articles cite this article - sign up in the

Topic collections

 (297 articles) Guidelines •
 (1192 articles) Other Infectious Diseases •

 (176 articles) Systematic reviews (incl meta-analyses): examples •
  
Articles on similar topics can be found in the following collections 

 Notes   

 http://bmj.bmjjournals.com/cgi/reprintform
To order reprints of this article go to: 

 http://www.bmjjournals.com/subscriptions
 go to: BMJTo subscribe to 

 on 21 October 2004 bmj.comDownloaded from 

Papers

Isolation measures in the hospital management of methicillin
resistant Staphylococcus aureus (MRSA): systematic review of the
literature
B S Cooper, S P Stone, C C Kibbler, B D Cookson, J A Roberts, G F Medley, G Duckworth, R Lai, S Ebrahim

Abstract
Objective To evaluate the evidence for the effectiveness of
isolation measures in reducing the incidence of methicillin
resistant Staphylococcus aureus (MRSA) colonisation and
infection in hospital inpatients.
Design Systematic review of published articles.
Data sources Medline, Embase, CINAHL, Cochrane Library,
System for Information on Grey Literature in Europe (SIGLE),
and citation lists (1966-2000).
Review methods Articles reporting MRSA related outcomes
and describing an isolation policy were selected. No quality
restrictions were imposed on studies using isolation wards or
nurse cohorting. Other studies were included if they were
prospective or employed planned comparisons of retrospective
data.
Results 46 studies were accepted; 18 used isolation wards, nine
used nurse cohorting, and 19 used other isolation policies. Most
were interrupted time series, with few planned formal
prospective studies. All but one reported multiple interventions.
Consideration of potential confounders, measures to prevent
bias, and appropriate statistical analysis were mostly lacking. No
conclusions could be drawn in a third of studies. Most others
provided evidence consistent with a reduction of MRSA
acquisition. Six long interrupted time series provided the
strongest evidence. Four of these provided evidence that
intensive control measures including patient isolation were
effective in controlling MRSA. In two others, isolation wards
failed to prevent endemic MRSA.
Conclusion Major methodological weaknesses and inadequate
reporting in published research mean that many plausible
alternative explanations for reductions in MRSA acquisition
associated with interventions cannot be excluded. No well
designed studies exist that allow the role of isolation measures
alone to be assessed. None the less, there is evidence that
concerted efforts that include isolation can reduce MRSA even
in endemic settings. Current isolation measures recommended
in national guidelines should continue to be applied until
further research establishes otherwise.

Introduction
The incidence of hospital acquired methicillin resistant Staphylo-
coccus aureus (MRSA) continues to rise globally.1–4 Attempts to
control this spread have relied principally on three measures:
hand hygiene among healthcare workers, restriction of antibiot-
ics, and the detection and isolation of infected or colonised

patients. We consider the detection and isolation of infected or
colonised patients, which is central to most national guidelines.5–8

Most transmission of MRSA from patient to patient is
thought to be mediated by transiently colonised healthcare
workers, although airborne dispersal and transmission through
contacts with contaminated surfaces may also be important. Iso-
lation measures for patients are intended to interrupt such
transmission. The most intensive forms of isolating patients are
isolation wards (designated for the treatment of known or
suspected carriers of MRSA) and nurse cohorting (the physical
segregation of MRSA patients in one part of a ward, with nursing
by designated staff who care exclusively for these patients). Other
isolation measures include the use of single bedded rooms,
cohorts of patients on general wards (without designated
nursing staff), and barrier precautions (use of aprons or gowns,
gloves, and, in some cases, masks by healthcare workers as the
only physical barrier to transmission).

Such control measures may place substantial burdens on
hospital resources, and the value of their continued use has been
questioned.9 Earlier narrative reviews have been undertaken,10 11

but the effectiveness of isolation measures in reducing transmis-
sion and controlling MRSA has not been assessed systematically.
Moreover, as much of the research in this area is known to be of
a quasi-experimental nature.8 11 The associated threats to valid
inferences need to be considered.12–14 We therefore undertook a
systematic review of the evidence for the effectiveness of
isolation measures in the management of MRSA in hospitals.

Method
Search strategy
We developed a search strategy that covers the main subject
areas of the review (MRSA, screening, and isolation of patients
and control of infection). We searched the following databases,
with no language restrictions: Medline 1966-December 2000,
Embase 1980-December 2000, CINAHL 1982-May 2000,
System for Information on Grey Literature in Europe (SIGLE)
1980-May 2000, and the Cochrane Library to December 2000. We
also searched reference lists of retrieved articles and hand
searched abstracts from key journals to verify the sensitivity of
the search strategy.

Study selection
Two or three reviewers working together appraised abstracts. Full
articles were obtained if abstracts mentioned endemic or
epidemic MRSA and an attempt at control in a hospital setting.

As the number of studies was far greater than anticipated, we
revised the original protocol (which had imposed no quality

page 1 of 8BMJ VOLUME 329 4 SEPTEMBER 2004 bmj.com
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BMC Infectious Diseases 2010

Model fitted to data from 8 adult 
ICUs in Boston. 
Admission and weekly n
nares screening for MRSA

Newly-identified and previously known 
MRSA+ patients were placed 
under contact precautions 
(gloves+gowns).  
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Isolation Effectiveness

Discharge Di
sch
arg
e

Susceptible Colonised

Removed

Isolated

admission

Figure 1: A graphical representation of the stochastic epidemic model described in Section 3.2.

where

YC
j := {i : aj < min (qi, di, TE)} ∩ {i : ci < cj < min (qi, di, TE)}

YQ
j := {i : aj < min (di, TE)} ∩ {i : qi < cj < min (di, TE)}

Furthermore the amount of time during which a colonised but non-isolated individual i exerts colonisation

pressure to a susceptible individual j is denoted by Dij and is equal to:

Dij = min (qi, di, TE , cj)−min (cj ,max (aj , ci)).

On the other hand, the amount of time during which a colonised but isolated individual exerts pressure on

a susceptible j is denoted by D�
ij and is equal to:

D�
ij = min (di, TE , cj)−min (cj ,max (aj , qi)).

Finally, The transmission rates βij and β�
ij could be associated with individual-specific characteristics such

as age, sex etc but in this paper we consider homogeneous mixing between individuals. Therefore we set

βij = β1 and β�
ij = β2.

3.3 Bayesian Inference

Denote by c = (c1, . . . , cnA), d = (d1, . . . , dnA), q = (q1, . . . , qnA), z = (z1, . . . ,znA), t = (t1, . . . , tnA),

v = (v1, . . . , vnW
C

). In practice, the patients’ colonisation times are never observed and therefore are assumed

to be unknown. On the other hand, admission, discharge and the dates when swab tests and (if any) isolations

have taken place are assumed to be known. The likelihood of the observed data y = (a, q,d, t,z,v) given

the model parameters θ = (β0,βij ,β�
ij ,φ, p) is intractable. Therefore, adopting a Bayesian framework we

consider the likelihood of the observed data augmented with both the unobserved colonisation times c:

π(y, c|θ) = π(v|c, q,z,θ)× π(z|c, q,θ)× π(c, q|θ) (3)

3

Effectiveness of isolation (gloves and gowns) 
in reducing transmission estimated by fitting a 
stochastic transmission model to 17 months of 
MRSA surveillance data from 10 ICUs. 
Parameters estimated within a Bayesian data 
augmentation framework using MCMC.

Kypraios et al. BMC Infectious Dis 2010
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Background 
transmission rate 

Transmission rate from 
unisolated MRSA 

patients

Transmission rate from 
isolated MRSA patients
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Ward

Estimated 
probability 
isolation 
reduced 
transmission

Estimated 
probability 
isolation 
reduced 
transmission

P(β1 > β2)
Median
(β1/β2)

M1 0.82 2.7

M2 0.51 1.0

GS1 0.27 0.5

GS2 0.50 1.0

SS1 0.73 2.7

SS2 0.79 3.3

SS3 0.44 0.8

SS4 0.58 1.3                                     
effect ->

Isolation 
effectiveness
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Rate of transmission from susceptible to colonized = a0 +a1× number colonized + a2× 
number colonized and isolated

Model1 

Rate of transmission from susceptible 
to colonized = a0 +a1× number colonized 

   + a2× number colonized & isolated on open ward
   + a3× number colonized & isolated in a single room

Model 2 

Eiso=P(MRSA aquisition given 1 colonized patient in isolation)
       P(MRSA acquisition given 1 colonized not  in isolation)
      

=1-exp(-a0 -a2)
  1-exp(-a0 -a1)
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• Remove a colonisation time from one of the va patients who have previously had a colonisation
time added. If the chosen patient previously imported MRSA, we have qA,A∗ = vaw

vs−va+1 , if they

had an acquisition time, qA,A∗ = va(1−w)
(tdj−taj )(vs−va+1)

.

With this move made, and a proposed new augmented dataset A∗, we define a probability at which to
accept this:

min

�
1,

P (D|A∗,θ)P (A∗|θ)
P (D|A,θ)P (A|θ) qA,A∗

�
.

The MCMC algorithm was run for 120000 iterations, with a burn-in of 20000, on the data collected
from each of the ten study wards. The augmented data sampling step of the algorithm was repeated ten
times per iteration to improve mixing. The algorithm was written in C, and the analysis of the output
was performed in R 2.10.1 (www.r-project.org).
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Figure 1. Ward estimates of probability of colonisation on admission. Estimates of the
parameter p, together with 95% equitailed credible intervals calculated from MCMC samples.
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Figure 2. Ward estimates of sensitivity. Estimates are given for the parameter z, together with
95% equitailed credible intervals calculated from MCMC samples.
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Log−effect of isolation
Relative risk estimates & 95% CI
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1 2

Figure 4. Isolation effectiveness. This shows the estimates for the reduction in transmission rate
due to any kind of isolation, together with decolonisation treatment, compared to an unisolated MRSA
positive patient. These estimates were derived using model 2.

Log-effect of  isolation
RR (95% CI)
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Log−effect of open ward isolation
Relative risk estimates & 95% CI
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Log−effect of side room isolation
Relative risk estimates & 95% CI
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Figure 5. Isolation effectiveness by type. This shows the estimates for the reduction in

transmission rate due to side room isolation (left) and open ward isolation measures (right), together

with decolonisation treatment, compared to an unisolated MRSA positive patient. These estimates were

derived using model 3.

Table 1. Patient screening statistics

Number of days 452

Number of unique patients 10845

Number of study ward episodes 14035

Number of patient days 94747

Median length of stay (days) 3

Number of patients not screened on admission 649

(of total admissions) (4.62%)

No. positive swabs on admission 649

(of those swabbed) (4.84%)

Discharge swab invalid/missing 2687

(of those with admission swab) (20.1%)

Stay <48hrs 2810

(of those with admission swab) (21.0%)

Number of eligible observation pairs 8595

(of total episodes) (61.2%)

Number of observed MRSA acquisitions 265

(of eligible observation pairs) (3.08%)

Summary statistics on the screening data collected from the study wards. ‘Eligible’ pairs are defined as

those in which both swabs were taken at the correct time and the patient stayed for 48 hours or more.

This is for the purposes of counting acquisitions based purely on the observational data. Our model

uses all swab results to derive estimates.

Log-effect of side-room isolation
RR (95% CI)

Log-effect of open-ward isolation
RR (95% CI)
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Transmission 
model

(individual-based, 
microsimulation model)

MRSA deaths, infections, 
admissions, …

Assessment of effectiveness and cost effectiveness of interventions

Effectiveness of interventions:

• Screening
• Eradication therapy
• Isolation

Transmission 
parameters

Health Economic parameters:

• Cost of interventions
• QALY loss due to MRSA
• Attributable mortality
• Additional length of stay

Dynamics Inference Policy Future



Inputs:
Evidence Synthesis

DataLiterature Expert opinion

Analysis or reanalysis of 
original data sources 

required in the absence 
of reliable published 

estimates

Few good studies on 
effectiveness of 
interventions but 

methodological quality of 
research is getting better

Where there were knowledge 
gaps 

formal elicitation techniques 
used to produce subjective 

prior distributions
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Model outputs: effectiveness
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Model outputs: effectiveness

39
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Clinical cultures only
Conventional Culture Chromogenic Agar
Chromogenic Agar (early result)
PCR

Hashed = pre-emptive
Outlined = Intervention applies to high risk group only
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Model Outputs: Costs

Clinical cultures only
Conventional Culture Chromogenic Agar
Chromogenic Agar (early result)
PCR

Hashed = pre-emptive
Outlined = Intervention applies to high risk 
group only
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Baseline

Cost-Effectiveness Results: Isolation

1. Isolate clinical cases only
2. Preemptive isolation of all
3. Preemptive isolation of high 

risk
4. Preemptive isolation of high 

risk (amended following CC 
screen result)

5. Screen all admissions 
(+wkly screens) with CC 

(isolate known +ves)
6. Screen all with CA
7. Screen all with CA_early
8. Screen all with PCR
9. Screen high risk with CC
10. Screen high risk with CA
11. Screen high risk with 

CA_early
12. Screen high risk with PCR
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Baseline

Step 1 - exclude dominated options

1. isolate clinical cases only
2. preemptive isolation of all
3. preemptive isolation of high 

risk
4. preemptive isolation of high 

risk (amended following CC 
screen result)

5. Screen all admissions 
(+wkly screens) with CC 

(isolate known +ves)
6. Screen all with CA
7. Screen all with CA_early
8. Screen all with PCR
9. Screen high risk with CC
10. Screen high risk with CA
11. Screen high risk with 

CA_early
12. Screen high risk with PCR
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Baseline

Step 1 - exclude dominated options

1. isolate clinical cases only
2. preemptive isolation of all
3. preemptive isolation of high 

risk
4. preemptive isolation of high 

risk (amended following CC 
screen result)

5. Screen all admissions 
(+wkly screens) with CC 

(isolate known +ves)
6. Screen all with CA
7. Screen all with CA_early
8. Screen all with PCR
9. Screen high risk with CC
10. Screen high risk with CA
11. Screen high risk with 

CA_early
12. Screen high risk with PCR
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Baseline

Step 2 - evaluate remaining options

Cost/QALY = 
£1135.90

1. isolate clinical cases only
2. preemptive isolation of all
3. preemptive isolation of high 

risk
4. preemptive isolation of high 

risk (amended following CC 
screen result)

5. Screen all admissions 
(+wkly screens) with CC 

(isolate known +ves)
6. Screen all with CA
7. Screen all with CA_early
8. Screen all with PCR
9. Screen high risk with CC
10. Screen high risk with CA
11. Screen high risk with 

CA_early
12. Screen high risk with PCR
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Baseline

Step 2 - evaluate remaining options

Cost/QALY = 
£1056.69

1. isolate clinical cases only
2. preemptive isolation of all
3. preemptive isolation of high 

risk
4. preemptive isolation of high 

risk (amended following CC 
screen result)

5. Screen all admissions 
(+wkly screens) with CC 

(isolate known +ves)
6. Screen all with CA
7. Screen all with CA_early
8. Screen all with PCR
9. Screen high risk with CC
10. Screen high risk with CA
11. Screen high risk with 

CA_early
12. Screen high risk with PCR
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Baseline

Step 2 - evaluate remaining options

Cost/QALY = 
£26,196.87

1. isolate clinical cases only
2. preemptive isolation of all
3. preemptive isolation of high 

risk
4. preemptive isolation of high 

risk (amended following CC 
screen result)

5. Screen all admissions 
(+wkly screens) with CC 

(isolate known +ves)
6. Screen all with CA
7. Screen all with CA_early
8. Screen all with PCR
9. Screen high risk with CC
10. Screen high risk with CA
11. Screen high risk with 

CA_early
12. Screen high risk with PCR
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Baseline

Step 2 - evaluate remaining options

Cost/QALY = 
£48,680.22

1. isolate clinical cases only
2. preemptive isolation of all
3. preemptive isolation of high 

risk
4. preemptive isolation of high 

risk (amended following CC 
screen result)

5. Screen all admissions 
(+wkly screens) with CC 

(isolate known +ves)
6. Screen all with CA
7. Screen all with CA_early
8. Screen all with PCR
9. Screen high risk with CC
10. Screen high risk with CA
11. Screen high risk with 

CA_early
12. Screen high risk with PCR
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Baseline

Step 2 - evaluate remaining options

Cost/QALY = 
£48,680.22 X

1. isolate clinical cases only
2. preemptive isolation of all
3. preemptive isolation of high 

risk
4. preemptive isolation of high 

risk (amended following CC 
screen result)

5. Screen all admissions 
(+wkly screens) with CC 

(isolate known +ves)
6. Screen all with CA
7. Screen all with CA_early
8. Screen all with PCR
9. Screen high risk with CC
10. Screen high risk with CA
11. Screen high risk with 

CA_early
12. Screen high risk with PCR
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Strategy 1
Strategy 2
Strategy 3
Strategy 4
Strategy 5
Strategy 6
Strategy 8
Strategy 9
Strategy 10
Strategy 12

Accounting for parameter uncertainty
Dynamics Inference Policy Future



NMB, CEAC, CEAF

• Net Monetary Benefit (NMB)=ΔE × λ -ΔC

•  ΔE is change in health outcomes (QALYs)

• ΔC is change in costs

• λ is willingness to pay per QALY gain

• Cost-effectiveness acceptability curves (CEACs) show the 
probability that each strategy has the highest NMB as λ varies.

• Cost-effectiveness acceptability frontiers (CEAFs) show the 
probability that the strategy with the highest expected NMB has 
the highest NMB as λ varies.

•

Dynamics Inference Policy Future



Screening & isolation in the ICU

CEACs CEAF

Dynamics Inference Policy Future



Screening & isolation in the ICU

CEACs CEAF

Dynamics Inference Policy Future

• Expected value of perfect information (EVPI) tells us how much we would 
benefit if we knew all parameters perfectly

–  EVPI=Eθ[maxj{NMB(j, θ)}]-maxj{Eθ[NMB(j, θ)]}



Screening & isolation in General Medical Wards

CEACs CEAF

Dynamics Inference Policy Future



Screening & decolonization in ICUs

CEACs CEAF

Dynamics Inference Policy Future



Screening & decolonization in General Medical Wards

CEACs CEAF

Dynamics Inference Policy Future



Future challenges

 How to account for resistance selection 
in health economic models of antibiotic 
use?

 How to account for strain diversity?
 How to evaluate control strategies in 

low and middle income countries?
 EVPPI, EVSI...
 How to make use of sequencing data?

Dynamics Inference Policy Future



Concurrent outbreak of 
ST239 MRSA (TW clone) 
and endemic
UK clones of MRSA at St 
Thomas’s Hospital 
London.

Epidemic trees 
probabilistically 
reconstructed using 
hazards (as proposed 
by Kenah et al.. Math 
Biosciences 2008).
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Figure 3. Distribution of secondary cases per case for both wards combined: red is TW MRSA,
black is non-TW. Lines in scatterplot are smoothed trend lines (lowess smoothing).



Science, 2010

“...genomic analysis of TW20 provides evidence of its adaptation to survive in 
a health care setting through acquisition of drug and antiseptic resistance 
genes carried on MGEs, large chromosomal insertions, and point mutations in 
housekeeping genes. The large size of the TW20 genome reflects the ability of 
the ST239 lineage to undergo prolonged and continuing evolution to adapt to 
the hospital environment. 

J Bacteriology, 2010

a large block of DNA (26). The approximate boundaries of the
recombination were identified from pairwise comparisons of
the TW20 chromosome with MRSA 252 (CC30) and USA300
TCH1516 (CC8). A marked shift in DNA percent identity of
approximately 1 percentage point was observed across the ap-
proximate recombination breakpoints (data not shown), dem-
onstrating that 635 kb (!20.6% of the TW20 chromosome;
SATW20_26800 to SATW20_03960) may have been trans-
ferred from a CC30 donor. This transfer event also contributes
to the high level of reciprocal Fasta matches between TW20
and MRSA252 (ST36).

The origins of SCCmecIII in the TW20 genome are unclear,

since SCCmecIII has not been found in the CC30 lineage. Each
of the SCC elements contains further MGEs: SCCmercury
contains Tn554, encoding a streptomycin 3"-adenylyltrans-
ferase and an erythromycin resistance protein, ErmA1, and
SCCmec contains an integrated plasmid, pT181, and #Tn554,
containing cadmium resistance CDSs. In addition to Tn554
and #Tn554 in the SCCmec region, the TW20 chromosome
contains an additional Tn554 and a Tn552 transposon, encod-
ing the $-lactamase BlaZ, within an integrative conjugative
element (ICE) (31).

Further resistance determinants are found on plasmid
pTW20_1. Importantly, it carries a gene encoding an antiseptic

FIG. 1. Schematic circular diagram of the S. aureus TW20 chromosome. Key for the circular diagram (outer to inner): outer colored segments
on the gray outer ring represent genomic islands and horizontally acquired DNA (see the key in the figure); scale (in Mb); annotated CDSs colored
according to predicted function are shown on a pair of concentric circles, representing both coding strands; S. aureus reciprocal Fasta matches
shared with the S. aureus strains: MRSA252, (accession number BX571856) (16), MSSA476 (accession number BX571857) (16), MW2 (accession
number BA000033) (4), N315 (accession number BA000018) (20), Mu50 (accession number BA000017) (20), Mu3 (accession number AP009324)
(23), COL (accession number CP000046) (13), NCTC8325 (accession number CP000253) (14), USA3000 FPR3757 (accession number CP000255)
(11), JH9 (accession number CP000703) (22), Newman (accession number AP009351) (3), and RF122 (accession number AJ938182) (15); regions
of the chromosome derived from a CC8 ancestor (light green) or the CC30 ancestor (brown). Color coding for TW20 CDS functions: dark blue,
pathogenicity/adaptation; black, energy metabolism; red, information transfer; dark green, surface associated; cyan, degradation of large mole-
cules; magenta, degradation of small molecules; yellow, central/intermediary metabolism; pale green, unknown; pale blue, regulators; orange,
conserved hypothetical; brown, pseudogenes; pink, phage and IS elements; gray, miscellaneous.

VOL. 192, 2010 NOTES 889
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Harris et al., Science 2010

Microepidemiological analysis of whole genome  sequence data for 
Staphylococcus aureus in northeast Thailand

Cooper B, Limmathurotsakul D, Nickerson EK,  Amornchai P, Parkhill J, Wuthiekanun V, Holden MTJ, Hongsuwan M, Bentley SD, Chantratita N, 
Day NP,  Peacock SJ

Monday, February 14, 2011
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Day NP,  Peacock SJ

Monday, February 14, 2011
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Data: 50 months MRSA infection data from an 11 bed 
MICU in Vellorre, south India (no screening data). 

Hidden Markov Model used to impute colonization data
and estimate transmission parameters.

Estimated that 4% of patients were MRSA+ on 
admission, with a ward level reproduction number of 0.4 
(indicating substantial transmission).



Future Challenges

CID January 2010





Differences in mortality between strategies will account for almost all differences in 
QALY gain

We estimated the expected quality adjusted life expectancy of someone 
discharged alive from an ICU is 9.34 years (calculated from quality weighted 

survival data)

Health Benefits (Quality Adjusted Life Years gained)
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Community
Hospital

antibiotic-sensitive bacteria antibiotic-resistant bacteria

Lipsitch et al. PNAS 2000
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Time (days)
Infection control (70% transmission reduction)
Infection control + switch antibiotics

 Resistance quickly increases in frequency 
in response to drug use, and quickly 
decreases in response to intervention.

 Non-specific control does appreciably
reduce resistance (when resistance is rare 
  in the community). 

 Formulary changes can rapidly eradicate 
resistant bacteria.
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