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Not too close! impact of roommate 
status on MRSA and VRE colonization 
and contamination in Nursing Homes
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Abstract 

Multiple room occupancy is common in Nursing Homes (NHs), and its role in transmission of antibiotic-resistant 
pathogens is unclear. We investigated prevalence of patient colonization and environmental contamination with van-
comycin-resistant enterococci (VRE) and methicillin-resistant Staphylococcus aureus (MRSA) in NH roommates, com-
pared it with expected prevalence, and determined specific body and environmental sites that may act as sources of 
roommate colonization. Roommate contamination was associated with index patient’s colonization (relative risk (RR): 
2.57 (95% CI 1.04–6.37)) for MRSA, and index patient’s immediate environment contamination for VRE (RR: 3.60 (95% CI 
1.59–8.12)). When specific index patient sites associated with roommate colonization were investigated, the side table 
(Fisher’s p = 0.029 and 0.047 for VRE and MRSA, respectively) and the nurse call button (p = 0.001 and 0.052) stood out, 
together with patient hands in the case of VRE (p = 0.026). Future studies should be carried out to establish whether 
these sites should be a specific target of infection prevention campaigns in NHs with multiple occupancy rooms.
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Patient colonization and environmental contamina-
tion with multidrug-resistant organisms are common in 
Nursing Homes (NHs), where multiple room occupancy 
is a popular option. Vancomycin-resistant enterococci 
(VRE) and methicillin-resistant Staphylococcus aureus 
(MRSA) are among the most commonly found antimi-
crobial-resistant pathogens in this vulnerable population, 
where they are found as often or more often than in acute 
care settings [1–3]. Prior studies have shown that VRE 
and MRSA shedding and cross-transmission occur often 
and may be associated with unfavorable health outcomes 
[1,4–6].

In one intensive care unit study, it has been demon-
strated that patients can be significantly more likely to 
acquire VRE and MRSA if the prior room occupant was 
colonized with the same organism 7. Data is scarce for 
non-critical care and for the expanding long-term health 
care setting, with inconsistent results reported for VRE, 
and no significant risk of MRSA colonization 8. Addi-
tionally, the role and contribution of environmental con-
tamination has often been overlooked.

Globally, caring for older adults in shared spaces is 
common. Since sharing rooms can lead to transmission 
of pathogens, we aimedto assess whether co-colonization 
and co-contamination with MRSA and VRE occurs more 
often than expected among roommates, to investigate the 
probability of colonization and contamination in room-
mates of a colonized patient, and to determine if and 
which specific source sites may be driving such burden.
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Methods
Patient population and sampling
The present study is based on an in depth analysis of a 
subset of patients enrolled in a larger prospective cohort 
study of newly admitted patients in southeast Michigan 
NHs [9]. Patient pair visits were eligible to be included in 
the present study if they were both enrolled in the par-
ent study, and sharing a double occupancy room at the 
time of the visit. The patient who was visited at an earlier 
date was noted as “index patient”, while the second one 
was noted as “roommate”. In cases where sampling was 
performed on the same day for both patients, the patient 
who had been admitted to the room earlier was noted 
as the “index patient”. Four or more body sites (hands, 
nares, oral cavity, groin, and perianal area), and four or 
more environmental sites in the proximity of each patient 
(bedrail, bed controls, nurse call button, side table top 
and bottom, and TV remote control) were sampled. Con-
tamination of shared environmental sites (i.e.: sites that 
could have been touched by both patients, such as the 
toilet seat and the privacy curtains) was not considered 
for this study. For each of the two pathogens of interest, 
patient body colonization and environmental contamina-
tion were considered to be present based on the positivity 
of one or more body or environmental sites, respectively.

Laboratory methods
Samples were collected using Bactiswabs (Remel, Len-
exa, Kansas), and processed on the same day. Nares, oral, 
groin and perianal samples were streaked on TSA 5% 
sheep blood agar plates, MSA agar, and bile-esculin agar 
with 6  ug/ml vancomycin (BEV6) and incubated for up 
to 48 h at 36  °C. All other samples were enriched over-
night in BHI broth, after which they were streaked and 
incubated as above. Growth suggestive of staphylococci 
on MSA was tested by catalase and coagulase test (Sta-
phaurex, Remel, Lenexa, KS), and S. aureus isolates were 
screened for methicillin resistance using cefoxitin disc 
diffusion according to CLSI criteria. Growth suggestive 
of VRE on BEV6 was confirmed by pyrrolidonyl arylami-
dase testing (DrySlide, BD, Franklin Lakes, NJ).

Statistical analysis
Colonization and contamination with MRSA and VRE 
were analyzed independently. Colonization and con-
tamination rates were obtained for all enrolled patients 
and their immediate environment, respectively, at their 
first visit. To determine whether double room place-
ment may result in increased likelihood of colonization 
and/or contamination, we compared actual frequen-
cies of co-colonization in roommates to frequencies 
expected in the overall population of tested patients (i.e.: 
the square of all tested patients’ colonization rates), using 

a simple proportion comparison test (two-tailed z test). 
The overall tested patient population included patients 
with roommates of unknown status and patients with no 
roommate.

We then considered each visit when microbiological 
data was available for both occupants of double rooms: in 
this case we calculated the relative risk (RR) of coloniza-
tion of a roommate when the index patient sharing her/
his room was colonized compared with when the index 
patient was not colonized. Similarly, we calculated the 
RR for environmental contamination of the roommate 
surrounding based on index patient’s surrounding con-
tamination. and for the cross probabilities of body colo-
nization and environmental contamination.

Finally, to establish if and which body and/or environ-
mental site/s may be specifically associated with an out-
sized risk of roommate colonization or contamination, 
we employed a site-specific strategy, by comparing rates 
for each sampling site in index patients and their imme-
diate vicinity, according to their roommate’s overall colo-
nization or contamination status (Fisher’s exact test).

Results
Expected and observed prevalence of MRSA and VRE 
colonization of both roommates
Microbiological data was available on body and envi-
ronmental MRSA and VRE burden for 1619 visits of 
651 patients. In 56 cases, microbiological data was avail-
able for both patients sharing a double room. The rate of 
MRSA body colonization and room contamination upon 
admission for all patients with available microbiological 
data, and regardless of room occupancy status (single or 
double) was 0.161 (16.1%) and 0.171 (17.1%), respectively. 
Thus, the prevalence of dual colonization and contamina-
tion of both roommates, upon the assumption that their 
statuses are independent, would be expected to be 0.1612 
(2.6%) and 0.1712 (2.9%). Actual observations revealed 
7.1% for both colonization (p = 0.028) and contamina-
tion (p = 0.054), pointing to a possible interdepend-
ency of MRSA status between roommates. For VRE, the 
prevalence of body colonization and room contamination 
among all patients was 33.2% in both cases, leading to an 
expected dual percentage of 11.0%. Actual data showed 
21.4% contamination (p = 0.071), and 8.9% colonization. 
A relatively high prevalence of VRE was expected in such 
NH patients [6].

Risk of colonization and contamination in roommates 
of colonized patients
In visits where matched microbiological data was avail-
able for both patients, index patient MRSA coloniza-
tion translated to a higher risk of contamination of their 
roommate’s immediate environment (RR 2.57, 95% CI 
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1.04–6.37, p = 0.04), and a higher risk of roommate colo-
nization, although not reaching statistical significance 
(RR 2.62 (0.74–9.26), p = 0.08) (Table  1). Similar results 
were obtained when the opposite scenario was investi-
gated, namely the likelihood of roommate body coloniza-
tion based on the index patients’ immediate environment 
status (RR 3.31 (0.96–11.4), p = 0.05). Conversely, no evi-
dence was found of an association between index patient 
and roommate environmental contamination (RR 1.65 
(0.59–4.62), p = 0.35).

The opposite was found for VRE: in this case, there was 
a strong relationship between environmental contamina-
tion of index patient’s and roommate’s immediate sur-
roundings (RR 3.60 (1.59–8.12), p = 0.002) compared to 
a weaker evidence of cross contamination between the 
index patient and their roommate’s environment, (RR 
1.87 (0.77–4.54), p = 0.17 and 1.67 (0.79–3.52), p = 0.18, 
respectively).

Potential source sites of roommate MRSA and VRE 
acquisitions
Among specific sampling sites, the nurse call button 
appears to be more likely to be contaminated in index 
patients of MRSA-colonized roommates (p = 0.052), and 
the side table (top) in index patients of roommates with 
MRSA-contaminated surroundings (p = 0.047) (Fig.  1). 
In the case of VRE, multiple index patient environmen-
tal sites appear to be significantly more often contami-
nated with VRE when their roommates’ environment is 
also contaminated (nurse call button, TV remote control, 
and side table top, p values ranging from < 0.001 to 0.029) 
(Fig. 1).

Among index patient body sites, the hands are the most 
strongly associated with roommate burden, including 
a statistically significant association when roommates’ 
immediate environment is contaminated with VRE 
(p = 0.026). Taken together, these observations indicate 
that not only patient colonization, but also environmental 

contamination may be associated with higher MRSA and 
VRE burden amongst patients sharing a room.

Discussion and conclusions
Our original data suggests that MRSA and VRE coloniza-
tion of a NH patient residing in a double room may be 
a risk factor for acquisition by her/his roommate, and 
points to patient hands as well as certain environmen-
tal sites as possible sources for transmission 1. We now 
show a higher rate of MRSA colonization in roommates 
of colonized patients in NHs, and also report a simi-
lar association for VRE among roommates’ immediate 
surroundings. Reports in the acute care literature have 
shown a potential role of room sharing in the build-
up to epidemics, especially for beta-lactamases- and 
carbapenemase-carrying gram-negatives 10,11, and 
implied a probable role of the environment in transmis-
sion of MRSA and VRE between consecutive patients in 
intensive care unit rooms 7]. A recent meta-analysis of 
literature reported contrasting findings for VRE and no 
clear association for MRSA in non-acute care patients 
[8, including in NH settings 12. Studies in endemic as 
opposed to outbreak settings, especially outside of acute-
care, are urgently needed in order to establish roommate 
risk in NHs, an environment in which double and multi-
ple occupancy is still very common and where length of 
stay is often measured in weeks rather than days, leading 
to potentially more opportunities for in-room transmis-
sion. In addition, our present findings underline the role 
that patient hands may play in the transmission of patho-
gens in healthcare settings. Unlike the case of healthcare 
workers’ hands, such a role has scarcely been investigated 
before [13].

Interestingly, MRSA has been demonstrated to be 
capable of colonizing up to 12% of roommates of posi-
tive patients in double occupancy hospital rooms 14. 
Regarding VRE, studies in intensive care units have dem-
onstrated that room contamination is a risk factor for 

Table 1 Roommate colonization and contamination in patients and their surroundings as a function of index patient status

Relative Risk values in bold represent statistical significance (p < 0.05)

Pathogen Index patient status Roommate outcome Roommate positivity rates. N. positives/total (%)

Negative index patient Positive index patient Relative Risk (95% CI)

MRSA Colonization Colonization 4/42 (9.5%) 4/14 (28.6%) 2.62 (0.74–9.26)

Colonization Contamination 7/42 (16.7%) 6/14 (42.9%) 2.57 (1.04–6.37)
Contamination Contamination 8/43 (18.6%) 4/13 (30.8%) 1.65 (0.59–4.62)

Contamination Colonization 4/43 (9.3%) 4/13 (30.8%) 3.31 (0.96–11.4)

VRE Colonization Colonization 15/41 (36.6%) 5/15 (33.3%) 0.91 (0.40–2.07)

Colonization Contamination 8/40 (20%) 6/16 (37.5%) 1.87 (0.77–4.54)

Contamination Contamination 6/36 (16.7%) 12/20 (60.0%) 3.60 (1.59–8.12)
Contamination Colonization 9/35 (25.7%) 9/21 (42.9%) 1.67 (0.79–3.52)
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patient acquisition 15,16, and that contamination rates in 
the room can be as high as 10% even after terminal clean-
ing. However, such environmental burden does not nec-
essarily result in higher colonization risk for roommates 
or for patients later admitted to the room 16. Our obser-
vations, including the association with patient hands and 
environmental burden, suggests that additional stud-
ies from geographically diverse communities should be 
conducted.

This study was not powered to prove transmission 
and its direction, thus the implication of index patient 
as a “source” must be taken with caution in the face of 
limited understanding of NH colonization and contam-
ination dynamics. Still, it must be noted that the sub-
population of patients from which our roommate pair 
visit data originated was not different from the general 
study population in terms of potential confounding risk 
factors such as age, sex, comorbidity and functional sta-
tus (Additional file 1: Table S1). Nevertheless, the need 
for further, in depth research on pathogens’ transmis-
sion pathways in NHs is readily apparent as our under-
standing is just starting to coalesce into some basic 
guiding principles. The resulting knowledge would be 
critical to establish whether additional surveillance 

screening (including environmental screening), 
improved cleaning, and patient-targeted education 
should be implemented for patients placed in multiple 
occupancy rooms, even as we consider whether the 
multiple occupancy model should be gradually phased 
out.

Abbreviations
NH: Nursing Home; MRSA: Methicillin-resistant Staphylococcus aureus; VRE: 
Vancomycin-resistant Enterococcus; MSA: Mannitol salt agar; BEV6: Bile-esculin 
agar with 6 ug/ml vancomycin; RR: Relative risk.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13756- 021- 00972-1.

Additional file 1. Antimicrobial usage for each facility.

Acknowledgements
The authors wish to thank the patients participating in this study and their 
families.

Authors’ contributions
Study concept and design: ML, MC, LM. Acquisition of specimens and data: 
KEG, BL, MC, ML, CJS. Analysis and Interpretation of data: JM, ML, CJS, MC, LM. 
Preparation and critical revision of manuscript: All authors. All authors read 
and approved the final manuscript.

-50 -40 -30 -20 -10 0 10 20 30 40 50

MRSA in index pa�ent, %

In
de

x 
pa

�e
nt

 si
te

A. Index pa�ent sites coloniza�on and contamina�on rates 
according to roommate body status. MRSA. 

-50 -40 -30 -20 -10 0 10 20 30 40 50

Nares
Oral

Hands
Groin

Perineal
Bed control

Table top
Table bo om

Call bu on
TV remote

Bedrail

MRSA in index pa�ent, %

B. Index pa�ent sites coloniza�on and contamina�on rates 
according to roommate environment status. MRSA

-50 -40 -30 -20 -10 0 10 20 30 40 50

VRE in index pa�ent, %

In
de

x 
pa

�e
nt

 si
te

C. Index pa�ent sites coloniza�on and contamina�on rates 
according to roommate body status. VRE

when roommate nega�ve when roommate posi�ve

-50 -40 -30 -20 -10 0 10 20 30 40 50

Nares
Oral

Hands
Groin

Perineal
Bed control

Table top
Table bo om

Call bu on
TV remote

Bedrail

VRE in index pa�ent, %

D. Index pa�ent sites coloniza�on and contamina�on rates 
according to roommate environment status. VRE

not contaminated roommate environment is contaminated

50         40         30          20         10          0           10          20         30         40          5050         40         30          20         10          0           10          20         30         40          50

50         40         30          20         10          0           10          20         30         40          5050         40         30          20         10          0           10          20         30         40          50

Bedrail
TV remote
Call bu on

Table bo om
Table top

Bed controls
Perineal

Groin
Hands
Oral

Nares

Bedrail
TV remote
Call bu on

Table bo om
Table top

Bed controls
Perineal

Groin
Hands
Oral

Nares

p 0.052

p 0.047

p 0.026

p 0.029

p <0.001
p 0.008

Fig. 1 Rates of colonization/contamination of specific body/environmental sites among index patients of colonized and non-colonized 
roommates. A MRSA rates according to roommate colonization. B MRSA rates according to roommate immediate environment contamination. C 
VRE rates according to roommate colonization. D VRE rates according to roommate immediate environment contamination

https://doi.org/10.1186/s13756-021-00972-1
https://doi.org/10.1186/s13756-021-00972-1


Page 5 of 5Cassone et al. Antimicrob Resist Infect Control          (2021) 10:104  

Funding
This work was supported by the National Institutes of Health (Grant Numbers 
RO1 AG041780 and K24 AG050685 to L. M); the University of Michigan Claude 
D. Pepper Older Americans Independence Center (REC Scholarship, and pilot 
Grant AG024824 to M. C.); the National Institute on Aging (Grant Number P30 
AG024824 to L. M.), and by the University of Michigan School of Public Health 
CHIP internship (M. L.). L. M. is also supported by the Geriatrics Research, Edu-
cation and Clinical Centers, Veterans Affairs Ann Arbor Healthcare System. The 
funders had no role in the design/conduct of the study, collection/manage-
ment of the data, analysis, interpretation of the data, or preparation, review, or 
approval of the manuscript.

Availability of data and materials
The datasets used during the current study are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate
All patient were informed of the scope, requirements, and data collection 
procedure of the study and provided express consent to participate in the 
parent study. The parent study was approved by the University of Michigan 
Institutional Review Board.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Division of Geriatric and Palliative Care Medicine, Department of Internal 
Medicine, University of Michigan Medical School, Ann Arbor, MI 3023 BSRB, 
109 Zina Pitcher Place48109, USA. 2 School of Public Health, University of Mich-
igan, Ann Arbor, MI, USA. 3 Geriatric Research and Education Clinical Center, 
VA Ann Arbor, Ann Arbor, MI, USA. 4 Present Address: Oregon Health Authority, 
Portland, OR, USA. 5 Present Address: University of Louisville, Louisville, KY, USA. 

Received: 14 December 2020   Accepted: 22 June 2021

References
 1. Cassone M, Mantey J, Perri MB, et al. Environmental panels as a proxy for 

nursing facility patients with methicillin-resistant Staphylococcus aureus 
and vancomycin-resistant enterococcus colonization. Clin Infect Dis. 
2018;67(6):861–8. https:// doi. org/ 10. 1093/ cid/ ciy115.

 2. Jarvis WR, Jarvis AA, Chinn RY. National prevalence of methicillin-resistant 
Staphylococcus aureus in inpatients at United States health care facilities, 
2010. Am J Infect Control. 2012;40(3):194–200. https:// doi. org/ 10. 1016/j. 
ajic. 2012. 02. 001.

 3. Roghmann MC, Johnson JK, Sorkin JD, et al. Transmission of methicillin-
resistant Staphylococcus aureus (MRSA) to healthcare worker gowns 
and gloves during care of nursing home residents. Infect Control Hosp 
Epidemiol. 2015;36(9):1050–7. https:// doi. org/ 10. 1017/ ice. 2015. 119.

 4. Chemaly RF, Simmons S, Dale C, et al. The role of the healthcare environ-
ment in the spread of multidrug-resistant organisms: update on current 
best practices for containment. Ther Adv Infect Dis. 2014;2(3–4):79–90. 
https:// doi. org/ 10. 1177/ 20499 36114 543287.

 5. Gontjes K, Gibson KE, Lansing BJ, Cassone M, Mody L. Contamination 
of common area and rehabilitation gym environment with multidrug-
resistant organisms. J Am Geriatr Soc. 2020;68(30):478–85.

 6. Cassone M, Zhu Z, Mantey J, et al. Interplay between patient colonization 
and environmental contamination with vancomycin-resistant entero-
cocci, and their association with patient health outcomes in post-acute 
care. Open Forum Inf Dis. 2019;11(7):ofz519.

 7. Huang SS, Datta R, Platt R. Risk of acquiring antibiotic-resistant bacteria 
from prior room occupants. Arch Intern Med. 2006;166(18):1945–51.

 8. Cohen B, Cohen CC, Løyland B, Larson EL. Transmission of health care-
associated infections from roommates and prior room occupants: a 
systematic review. Clin Epidemiol. 2017;9:297–310. https:// doi. org/ 10. 
2147/ CLEP. S1243 82.

 9. Mody L, Foxman B, Bradley S, et al. Longitudinal assessment of multidrug-
resistant organisms in newly admitted nursing facility patients: implica-
tions for an evolving population. Clin Infect Dis. 2018;67(6):837–44. 
https:// doi. org/ 10. 1093/ cid/ ciy194.

 10. Tijet N, Muller MP, Matukas LM, Khan A, Patel SN, Melano RG. Lateral 
dissemination and inter-patient transmission of blaKPC-3: role of a 
conjugative plasmid in spreading carbapenem resistance. J Antimicrob 
Chemother. 2016;71(2):344–7. https:// doi. org/ 10. 1093/ jac/ dkv356.

 11. Denis C, Poirel L, Carricajo A, et al. Nosocomial transmission of NDM-
1-producing Escherichia coli within a non-endemic area in France. Clin 
Microbiol Infect. 2012;18(5):E128–30. https:// doi. org/ 10. 1111/j. 1469- 0691. 
2012. 03761.x.

 12. Furuno JP, Shurland SM, Zhan M, et al. Comparison of the methicillin-
resistant Staphylococcus aureus acquisition among rehabilitation and 
nursing home residents. Infect Control Hosp Epidemiol. 2011;32(3):244–9. 
https:// doi. org/ 10. 1086/ 658667.

 13. Mody L, Washer LL, Kaye KS, et al. Multidrug-resistant organisms in 
hospitals: what is on patient hands and in their rooms? Clin Infect Dis. 
2019;69(11):1837–44. https:// doi. org/ 10. 1093/ cid/ ciz092.

 14. Moore C, Dhaliwal J, Tong A, et al. Risk factors for methicillin-resistant 
Staphylococcus aureus (MRSA) acquisition in roommate contacts of 
patients colonized or infected with MRSA in an acute-care hospital. Infect 
Control Hosp Epidemiol. 2008;29(7):600–6. https:// doi. org/ 10. 1086/ 
588567.

 15. Correa-Martinez CL, Tönnies H, Froböse NJ, Mellmann A, Kampmeier 
S. Transmission of vancomycin-resistant enterococci in the hospital 
setting: uncovering the patient-environment interplay. Microorganisms. 
2020;8(2):203. https:// doi. org/ 10. 3390/ micro organ isms8 020203.

 16. Ford CD, Lopansri BK, Gazdik MA, et al. Room contamination, patient 
colonization pressure, and the risk of vancomycin-resistant enterococcus 
colonization on a unit dedicated to the treatment of hematologic malig-
nancies and hematopoietic stem cell transplantation. Am J Infect Control. 
2016;44(10):1110–5. https:// doi. org/ 10. 1016/j. ajic. 2016. 03. 044.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1093/cid/ciy115
https://doi.org/10.1016/j.ajic.2012.02.001
https://doi.org/10.1016/j.ajic.2012.02.001
https://doi.org/10.1017/ice.2015.119
https://doi.org/10.1177/2049936114543287
https://doi.org/10.2147/CLEP.S124382
https://doi.org/10.2147/CLEP.S124382
https://doi.org/10.1093/cid/ciy194
https://doi.org/10.1093/jac/dkv356
https://doi.org/10.1111/j.1469-0691.2012.03761.x
https://doi.org/10.1111/j.1469-0691.2012.03761.x
https://doi.org/10.1086/658667
https://doi.org/10.1093/cid/ciz092
https://doi.org/10.1086/588567
https://doi.org/10.1086/588567
https://doi.org/10.3390/microorganisms8020203
https://doi.org/10.1016/j.ajic.2016.03.044

	Not too close! impact of roommate status on MRSA and VRE colonization and contamination in Nursing Homes
	Abstract 
	Methods
	Patient population and sampling
	Laboratory methods
	Statistical analysis

	Results
	Expected and observed prevalence of MRSA and VRE colonization of both roommates
	Risk of colonization and contamination in roommates of colonized patients
	Potential source sites of roommate MRSA and VRE acquisitions

	Discussion and conclusions
	Acknowledgements
	References


