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Background. Contact precautions for endemic methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant 
enterococci (VRE) are under increasing scrutiny, in part due to limited clinical trial evidence. 

Methods. We retrospectively analyzed data from the Strategies to Reduce Transmission of Antimicrobial Resistant Bacteria in 
Intensive Care Units (STAR*ICU) trial to model the use of contact precautions in individual intensive care units (ICUs). Data in-
cluded admission and discharge times and surveillance test results. We used a transmission model to estimate key epidemiological 
parameters, including the effect of contact precautions on transmission. Finally, we performed multivariate meta-regression to iden-
tify ICU-level factors associated with contact precaution effects.

Results. We found that 21% of admissions (n = 2194) were placed on contact precautions, with most for MRSA and VRE. We 
found little evidence that contact precautions reduced MRSA transmission. The estimated change in transmission attributed to con-
tact precautions was –16% (95% credible interval, –38% to 15%). VRE transmission was higher than MRSA transmission due to 
contact precautions, but not significantly. In our meta-regression, we did not identify associations between ICU-level factors and 
estimated contact precaution effects. Importation and transmission were higher for VRE than for MRSA, but clearance rates were 
lower for VRE than for MRSA.

Conclusions. We found little evidence that contact precautions implemented during the STAR*ICU trial reduced transmission 
of MRSA or VRE. We did find important differences in the transmission dynamics between MRSA and VRE. Differences in or-
ganism and healthcare setting may impact the efficacy of contact precautions.
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Antibiotic-resistant pathogens are a major cause of morbidity 
and mortality in healthcare settings. In particular, intensive 
care units (ICUs) experience a higher burden of antibiotic-
resistant pathogens, as patients are high-acuity and often re-
quire interventions that put patients at an increased risk for 
colonization or infection. Bundled interventions are often im-
plemented to control resistant organisms and include various 
strategies, such as antibiotic stewardship, active surveillance 
and contact precautions, environmental decontamination, 
and decolonization [1–8]. This bundling makes it difficult to 
evaluate the efficacy of a specific strategy. Additionally, the 
generation of evidence on the effectiveness of interventions 
has been slow.

Of the strategies to control the spread of antibiotic-resistant 
healthcare-associated infections, contact precautions, which 
typically involve the use of gowns and gloves for detected car-
riers, remain among the most debated [9, 10]. This is primarily 
because the use of contact precautions has not been supported 
by a strong clinical trial evidence base. Existing clinical trials 
have not definitively determined whether contact precautions 
are effective at reducing the spread of antibiotic-resistant in-
fections for endemic organisms such as methicillin-resistant 
Staphylococcus aureus (MRSA) and vancomycin-resistant en-
terococci (VRE) [11]. However, there is some evidence from 
a clinical trial to support a reduction in the acquisition rate 
of MRSA based on the use of universal gowns and gloves [5]. 
In addition, some observational studies have suggested that a 
bundled approach that includes contact precautions for de-
tected carriers of MRSA has played a role in reducing MRSA 
infection rates across the Department of Veterans Affairs (VA) 
[4, 11–13]. A number of dynamic transmission-based studies 
have attempted to directly measure the effect of infection con-
trol practices on transmission of antibiotic-resistant bacteria 
with mixed results [14–16].
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In a previous study that reevaluated the Strategies to Reduce 
Transmission of Antimicrobial Resistant Bacteria in Intensive 
Care Units (STAR*ICU) trial [3], we developed an explicit hier-
archal model of transmission dynamics [17] and found that the 
intervention of contact precautions resulted in no difference in 
the estimated transmission rate. Our results were consistent with 
the conclusions from the original STAR*ICU trial, serving as a 
validation of the approach of dynamic modeling in evaluating 
interventional trials. However, one limitation that was noted in 
the STAR*ICU trial that has not been directly evaluated is the 
long turnaround time from sample collection to test result [3], 
resulting in fewer patients being placed on contact precautions 
than should have been.

We aimed to directly address this limitation by incorporating 
the patient-level data on implementation of contact precautions 
in order to generate estimates of the impact of contact precau-
tions on transmission of MRSA and VRE. This work extends 
our recently published work [18] by incorporating a parameter 
for measuring contact precautions. Our approach accounts for 
the imperfect nature of surveillance tests and estimates the rate 
of clearance.

METHODS

Data

We performed a retrospective analysis of data from the original 
STAR*ICU trial [3], extending some of our previous work [17]. 
Data was collected from April 2005 through August 2006 and 
included patients admitted to 18 participating ICUs. Nasal and 
perianal surveillance swabs were collected at the time of ICU 
admission, weekly thereafter, and on discharge from the ICU. 
Surveillance swabs were not collected for short-stay patients 
(ICU stay <3 days) in the STAR*ICU trial, except for a random 
sample, which was used in the original study to estimate ad-
mission prevalence. Swabs were collected from all long-stay pa-
tients (ICU stay ≥3 days), but not all short-stay patients were 
tested. Approximately 60% of all admissions to the ICU had at 
least 1 swab for MRSA and VRE. Our transmission model used 
ICU identifier, ICU study arm (control vs intervention), patient 
identifier, admission and discharge dates, and dates of starting 
and stopping contact precautions; our data were organized by 
ICU.

Model

We modeled the effectiveness of contact precautions using 
a transmission model that integrates clinical parameters 
with mechanistic features that represent fundamental as-
sumptions about the dynamics of transmission, illustrated 
in Figure  1. We modeled the admission and discharge 
processes in addition to unobserved data including both 
acquisition and clearance of MRSA and VRE. To model 
these dynamics, we included model parameters such as 

ICU-level importation probability, the transmission rate, 
and the clearance rate. In addition, we included a param-
eter to estimate the relative transmissibility of patients 
who are on contact precautions. We call this the “contact 
precautions effect” (CPe) (Figure  2). We ran the analysis 
for each ICU independently. We estimated parameters 
using Markov chain Monte Carlo (MCMC) [19], which 
is an iterative approach for obtaining parameter distri-
butions. The transmission model incorporated 3 funda-
mental elements, namely, model parameters, observed 
data, and unobserved data. What we refer to as “unob-
served data” represent imperfectly observed interval-
censored data, informed by test results that consisted of 
variables that are not possible to observe directly but are 
critical for completely specifying the model likelihood, 
such as times of acquisition and clearance (Figure 1). We 
refer to the combined observed and unobserved data as 
the “augmented data.” A  more detailed overview of the 
transmission model and its assumptions are provided in 
the following text; technical details can be found in the 
Supplementary Materials.

Importation

At admission, we assumed patients were either colonized (an 
importation event) or uncolonized. Although patients may have 
multiple admissions to the ICU, we define the importation prob-
ability as the probability that an individual who is admitted for 
the first time is colonized at the time of admission. We account 
for colonization status between admissions through a separate 
parameter described below. Based on our model, importation 
is equivalent to the notion of a steady-state importation proba-
bility. In other words, given a sufficiently long period between 
consecutive admissions, the patient’s colonization status is al-
most independent.

We assumed that patients with a recent hospitalization 
have a different likelihood of importation compared with 
those in the general community. The times and results of pa-
tients’ previous surveillance tests at a prior ICU stay informed 
the probability of importation at the time of readmission for 
each individual. Thus, we assumed that patients could ac-
quire and lose colonization between consecutive admissions. 
This between-admission model, which is described in more 
detail in the Supplementary Materials, leads to a simple for-
mulaic relationship between the importation probability and 
the readmission probability of importation. This leads to a 
simple method for calculating the importation probability of 
readmissions based on the time since the previous discharge 
and colonization status at the previous discharge. For an in-
dividual who was colonized at a previous admission, as the 
time away from the ICU increases, the probability for that 
individual to remain colonized approaches the steady-state 
first-admission importation probability.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1603#supplementary-data
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Transmission

The underlying model for transmission assumes frequency-
dependent transmission, which means that the transmission 
rate parameter is a proportional constant that describes the 
intensity of the force of infection. In other words, for a given 

transmission rate parameter, as the proportion of colonized 
patients on the ward increases, so does the force of infection. 
This is a dynamic model analogue to colonization pressure. 
A consequence of this model for transmission is that the trans-
mission rate parameter is a measure of transmission that is not 

Figure 1. The underlying transmission model showing the possible transitions for patient colonization and the relationship between the unobserved and observed data in 
the model.

Figure 2. Illustration of the differential transmissibility, given a baseline Inf and the CPe for patients who are on contact precautions (left) compared with those who are 
not on contact precautions (right). Abbreviations: CPe, effect of contact precautions; Inf, infectiousness.
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confounded by prevalence; given 2 wards with the same prev-
alence, a higher transmission rate parameter in one ward sug-
gests an increased level of transmission.

Contact Precautions Effect

To evaluate the effects of contact precautions, we defined 2 
groups of patients, those on contact precautions and those 
not on contact precautions, with differing risk of transmission 
(Figure 2). Previously, we described how we modeled transmis-
sion from patients not on contact precautions. In contrast, for 
patients on contact precautions, we included an additional pa-
rameter, CPe, which represents the differential risk of transmis-
sion posed by colonized patients while on contact precautions. 
Given our implementation, when CPe = 1, contact precautions 
have no effect on transmission; when CPe < 1, contact precau-
tions reduce transmission (contact precautions are effective); 
and when CPe > 1, contact precautions result in increased 
transmission.

Clearance

We assumed that colonized patients lose colonization at a con-
stant rate during their ICU stay. This assumption does not re-
flect a particular mechanism of clearance, rather the composite 
patient-care and ICU-specific factors that contribute to clear-
ance. Once cleared, patients are immediately at risk of acquiring 
MRSA or VRE regardless of admission status.

Test Sensitivity

Due to the rarity of false positives, it is common to assume that 
false positives are negligible in statistical transmission models 
[15, 20–23]. We assumed that there were no false-positive sur-
veillance tests but allowed for false negatives (Figure 1).

Estimation

Our MCMC algorithm consisted of an iterative process for 
obtaining posterior samples, or parameter distributions. 
Estimation within each iteration of the MCMC algorithm in-
volved generating a new sample of both the augmented, or un-
observed, data and the parameters. Conditional on the observed 
data and the set of parameter values, a new augmented dataset 
(or patient histories) that was consistent with the observed data 
and the parameter values was proposed as the new sample. 
This parameter proposal was accepted with a probability that 
depended on the relative likelihood of the model with the pro-
posed and current augmented data. If the proposed augmented 
data were rejected, the current augmented data remained as the 
next augmented data sample until the next iteration through the 
MCMC; otherwise, the current augmented data was replaced 
with the proposal. Given the augmented dataset, parameter 
values were proposed using both the Gibbs sampler [24] and 
the Metropolis-Hastings [25] algorithm, based on the new aug-
mented data. This process of updating the augmented data and 
parameter values was iterated and resulted in a collection of 

parameter values with a distribution that is consistent with the 
likelihood, conditioned on all observed and unobserved data. 
The posterior distributions were based on 20 000 samples with 
a burn-in of 1000 samples.

Analysis

We computed both posterior means and 95% credible intervals 
(CrIs) for the model parameters for each ICU and report me-
dian and range of each estimate across ICUs. We also computed 
the posterior mean-logs and variance-logs of the parameter 
samples for inclusion into pooled analyses. We obtained pooled 
estimates of the effect of contact precautions for both MRSA and 
VRE in 2 ways; we obtained pooled estimates separately by time 
period and also obtained a single estimate across time. For our 
model across time, we assumed that the covariance structure in 
ICU dependence over time was a heteroscedastic autoregressive 
structure for the estimated effect of contact precaution on trans-
mission. Finally, we performed a meta-regression on estimates 
of CPe for each ICU and included ICU-level moderators to 
identify potentially important factors that were associated with 
the effectiveness of contact precautions. The ICU-level moder-
ators used in the meta-regression included model parameters, 
fixed ICU characteristics (eg, ICU type), ICU-specific estimates 
obtained through observation of the patient care environment 
(eg, healthcare worker–patient contact rate), and estimates re-
lated to infection control compliance (eg, percent of contacts 
with a gown, universal gloving). The MCMC algorithm was im-
plemented in C++, and analysis of the posterior distributions 
used the rmeta [26], metaphor [27], and base [28] packages 
from the R Project for Statistical Computing. For additional 
technical details on the modeling assumptions and formulas, 
see the Supplementary Materials.

RESULTS

Data Summary

There were 10 579 admissions into 1 of the 18 ICUs. Of those 
admissions, 2194 (or 20.7%) were placed on contact precau-
tions, some for more than 1 reason, resulting in 2332 different 
contact precautions initiated. A  majority of precautions were 
classified as contact precautions (Table 1), although there was 
variation in the precaution types [29]. Additionally, organisms 

Table 1. Distribution of Precaution Types Classified as 1 of 4 Classes of 
Precautions

Distribution of Precaution Types

Precaution Type Frequency (N = 5628) (%)

Contact 4438 (78.9)

Other 782 (13.9)

Droplet 260 (4.6)

Airborne 148 (2.6)

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1603#supplementary-data
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attributed for the use of contact precautions varied, but MRSA 
and VRE were the most common (Table 2).

Contact Precautions Effect

We found little evidence of an effect of contact precautions on 
transmission of MRSA or VRE in any of the individual ICUs 
(Figure 3). The pooled estimates of the effectiveness of contact 
precautions on transmission of either MRSA or VRE and in ei-
ther time period across all ICUs resulted in a slightly elevated 
but not statistically significant effect (1.11; 95% confidence in-
terval, .93–1.32), suggesting no benefit of contact precautions 
for preventing transmission. If we account for the time period 
(baseline vs intervention) and the 2 organisms (MRSA vs VRE) 
and incorporate them as model moderators, we find that the 
estimated effect of contact precautions on MRSA transmis-
sion during the baseline period is reduced to 0.84 (95% CrI, 
0.62–1.15). Transmission of VRE during the intervention pe-
riod results in a slight increase in the effectiveness of contact 
precautions on transmission, but neither estimate is significant. 
The Omnibus test for the parameters suggests that neither var-
iable changes the overall estimated effectiveness of contact pre-
cautions. Similarly, accounting for the dependence between the 
baseline and intervention phases of the study, we find no evi-
dence for effectiveness of contact precautions to reduce trans-
mission, and the estimated impact on transmission of VRE is 
slightly elevated. The random effects component of the pooled 
analysis in each of the models had an estimated variance of zero 
(P = 1), suggesting no evidence of heterogeneity across ICUs. 
The temporal correlation across ICUs from the autoregressive 
component of the model between the 2 periods was 0.79 for the 
effectiveness of contact precautions on transmission.

Model Parameters

For the remaining model parameters, the pooled estimates sug-
gest that the importation probability and transmission rate are 
higher for VRE than for MRSA and that clearance rate estimates 
are lower for VRE than for MRSA (Table 3). Additionally, we 

found that the estimated test sensitivity parameters were similar 
but slightly higher for the VRE culture.

DISCUSSION

We found that although 21% of admissions were placed on con-
tact precautions, there was little evidence that contact precau-
tions reduced transmission of MRSA or VRE in these ICUs. 
Additionally, there was some evidence of increased transmis-
sibility of VRE for patients on contact precautions relative to 
MRSA transmission, but this was not statistically significant. 
Our other estimated model parameters were similar to what 
we estimated previously using the STAR*ICU study data [17], 
although our previous estimates were based on a slightly dif-
ferent variation of mass action, assuming density-dependent 
transmission.

We included a variety of ICU measures in a meta-regression 
model to look for variables that were associated with our esti-
mated contact precaution effect estimates. These included ICU 
type, compliance with hand hygiene, compliance with wearing 
gowns and gloves, staffing ratios, and an indicator for universal 
gloving that was done at the intervention ICUs during the in-
tervention phase of the study. We did not identify associations 
of these measures with the estimated contact precautions effect.

Given that our results do not provide evidence that the use 
of contact precautions during the STAR*ICU trial helped to 
reduce transmission, questions remain regarding why contact 
precautions do not seem to reduce transmission of MRSA and 
VRE. It is particularly surprising that our analysis suggests that 
the use of contact precautions during the intervention period 
seemed to result in elevated transmission of VRE. In our pre-
vious work [17], we found a slight increase in the overall trans-
mission rate for VRE between the baseline and intervention 
periods, independent of the intervention effect on transmission. 
Similarly, in the original STAR*ICU trial, although coloniza-
tion or infection incidence rates increased for both MRSA and 
VRE from the baseline period to the intervention period, the 
increase was larger for VRE, which is consistent with what we 
have observed. More generally, in our previous work, we noted 
differences in the transmission dynamics between MRSA and 
VRE, with VRE having a slightly higher importation probability 
and transmission rate and a lower clearance rate compared with 
MRSA [17]. Although we have observed these differences in the 
epidemiology of MRSA and VRE, the increase in transmission 
due to contact precautions remains puzzling.

Others have also observed differences between MRSA and 
VRE on the impact of contact precautions on transmission [5]. 
They found that the use of gowns and gloves for all patient con-
tacts compared with usual care among patients in medical and 
surgical ICUs did not result in a difference in acquisition of 
VRE, but that there was a lower risk of acquisition for MRSA 
(P = .046). Additionally, using a dynamic model, Wei et  al 

Table 2. Distribution of Organisms Attributed as the Reason for Initiating 
Precautions

Distribution of Reasons for Precautions

Organism Frequency (N = 5628) (%)

MRSA 2063 (36.7)

VRE 1483 (26.4)

Other 847 (15.0)

MRSA and VRE 548 (9.7)

Clostridioides difficile 322 (5.7)

Multidrug-resistant gram-negative rod 219 (3.9)

Missing 142 (2.5)

Vancomycin-resistant Staphylococcus aureus 4 (0.0)

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-
resistant enterococci.
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evaluated the impact of contact precautions on transmission of 
VRE in a US hospital with 8 ICUs and found no compelling ev-
idence to support the effectiveness of the precaution measures 
[14]. In a separate analysis, Kypraios et al evaluated the effec-
tiveness of isolation precautions on MRSA transmission at the 
same hospital during the same time period and found that in 5 
of the 8 wards, there was weak evidence indicating that contact 
precautions were associated with reduced transmissibility [15], 
and pooled estimates across all of the wards suggested the same.

Not only is it possible that there are differences between 
organisms that result in differences in the efficacy of contact 
precautions, it may also be possible that the healthcare setting 

could play a role [30]. Many large studies have been conducted 
in ICUs, which are complex environments typically filled with 
high-acuity patients. Under the assumption that contact pre-
cautions are effective at reducing transmission, it is still possible 
that estimating this effect in an environment with so many ad-
ditional factors that also play a role in transmission (eg, anti-
biotics, procedures, devices) makes the effect difficult to isolate. 
The study discussed previously that found weak evidence asso-
ciating isolation with reduced transmission was in ICUs [15]. 
However, in another study, Worby et al used similar methods 
and found a larger reduction in general wards due to the com-
bination of isolation and decolonization in reducing MRSA 

Figure 3. Forest plots showing the estimated CPe, which represents the relative rate of transmissibility attributed to contact precautions compared with transmissibility 
attributed to no contact precautions. Results are organized by ICU and pooled (diamond shape) for MRSA (top) and VRE (bottom) during the baseline period (left) and inter-
vention period (right). The gray lines represent the control ICUs, and the black lines represent the intervention ICUs. Abbreviations: CPe, effect of contact precautions; ICU, 
intensive care unit; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococci.
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transmission [16]. It is difficult to separate the effectiveness of 
contact precautions from those of decolonization, yet there is 
some evidence of no benefit with the addition of decolonization 
for MRSA when contact precautions were used for patients col-
onized with MRSA in acute care [31]. We recently found that 
using these same methods that pooled estimates of the effective-
ness of contact precautions across more than 100 hospitals in 
the VA demonstrate a significant reduction in the transmission 
rate (K Khader, manuscript in preparation). Given that these es-
timates are hospital-wide, the influence of ICUs is likely limited.

This study had some limitations. Although we looked for 
variables that could help explain the estimated impact of con-
tact precautions on transmission using meta-regression, we 
were unable to explicitly include these data in the model. The 
relatively small number of ICUs included in the study presents 
challenges for reliably estimating moderator effects through 
meta-regression. We plan to perform similar evaluations in a 
larger group of ICUs moving forward.

Given the disparate results from studies that evaluated the 
impact of contact precautions, it is important to consider a 
more nuanced view of the entire suite of infection control strat-
egies. As others have suggested, it is possible that the effective-
ness of a given infection control strategy depends on additional 
factors, including the pathogen, healthcare setting, patient mix, 
and patient care factors that are being used [11, 32]. Given this 
uncertainty, it is important to move forward with high-quality 
studies to address this question in order to better inform infec-
tion control practices [9, 33].

CONCLUSIONS

We found little evidence that contact precautions implemented 
during the STAR*ICU trial reduced transmission of MRSA or 
VRE. However, we found that during the intervention period of 
the study, contact precautions seem to have slightly increased 

transmission of VRE compared with MRSA. We also identified 
important differences in the transmission dynamics between 
MRSA and VRE. In particular, transmission and importation 
were higher for VRE than for MRSA and clearance of VRE was 
lower than clearance of MRSA. These estimates suggest that 
overall prevalence in the ICUs was much higher for VRE than 
MRSA.
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