
predicting the need for empiric vancomycin therapy in intensive care unit
patients. Infect Control Hosp Epidemiol 2018;39:290–296.

3. Schleyer AM, Jarman KM, Chan JD, Dellit TH. Role of nasal methicillin-
resistant Staphylococcus aureus screening in the management of skin and
soft tissue infections. Am J Infect Control 2010;38:657–659.

4. Dangerfield B, Chung A, Webb B, Seville MT. Predictive value of methicil-
lin-resistant Staphylococcus aureus (MRSA) nasal swab PCR assay for
MRSA pneumonia. Antimicrob Agent Chemother 2014;58:859–864.

5. Harris AD, Furehabilitationno JP, RoghmannMC, et al.Targeted surveillance
of methicillin-resistant Staphylococcus aureus and its potential use to guide
empiric antibiotic therapy.AntimicrobAgentsChemother2010;54:3143–3148.

6. Sarikonda KV, Micek ST, Doherty JA, Reichley RM, Warren D, Kollef MH.
Methicillin-resistant Staphylococcus aureus nasal colonization is a poor pre-
dictor of intensive care unit-acquired methicillin-resistant Staphylococcus
aureus infections requiring antibiotic treatment. Crit Care Med 2010;38:
1991–1995.

7. Rimawi RH, Ramsey KM, ShahKB, Cook PP. Correlation betweenmethicillin-
resistant Staphylococcus aureus nasal sampling and S. aureus pneumonia
in the medical intensive care unit. Infect Control Hosp Epidemiol 2014;35:
590–593.

8. MacFadden DR, Elligsen M, Robicsek A, Ricciuto DR, Daneman N. Utility
of prior screening for methicillin-resistant Staphylococcus aureus in predict-
ing resistance of S. aureus infections. CMAJ 2013;185:E725–E730.

9. Robicsek A, Suseno M, Beaumont JL, Thomson RB, Jr., Peterson LR.
Prediction of methicillin-resistant Staphylococcus aureus involvement in
disease sites by concomitant nasal sampling. J Clin Microbiol 2008;46:
588–592.

10. Parente DM, Cunha CB, Mylonakis E, Timbrook TT. The clinical utility of
methicillin resistant Staphylococcus aureus (MRSA) nasal screening to rule
out MRSA pneumonia: a diagnostic meta-analysis with antimicrobial
stewardship implications. Clin Infect Dis 2018;67:1–7.

Increased time spent on terminal cleaning of patient rooms may not
improve disinfection of high-touch surfaces
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Organisms causing healthcare-associated infections (HAIs) are
prevalent on high-touch surfaces in hospital rooms.1 Quality of
surface disinfection varies widely due to surfaces, disinfectant,
and pressure for quick turnaround times in busy hospitals.2 The
need for quick terminal cleaning may impact bioburden reduction
and ultimately affect HAI rates. The Association for the Healthcare
Environment recommends that 20–45minutes be dedicated to ter-
minal room cleaning after a patient is discharged. This recommen-
dation was previously not validated for impact on microbial load.3

A larger study of hospital room disinfection examined the relation-
ship between time spent cleaning and level of disinfection achieved
as quantified by aerobic bacterial colony (ABC) counts of 5 high-
touch surfaces.

Methods

The study was conducted in an acute-care Veterans Affairs (VA)
hospital in Temple, Texas. Single-occupancy rooms previously
occupied for at least 48 hours prior to discharge were used.
Precleaning and postcleaning samples were collected from 5
high-touch surfaces: bedrail, tray table, call button, toilet seat,
and bathroom handrail. All rooms were sampled for ABC as
described previously.4 Surfaces were manually disinfected by

environmental management services (EVS) personnel using 1
of 3 disinfectants: (1) sodium hypochlorite 10% solution
(SH; Dispatch, Clorox Healthcare Services, Pleasanton, CA), (2)
hydrogen peroxide þ paracetic acid (HPA; Oxycide, Ecolab, St
Paul, MN), and (3) quaternary ammonium compound (QAC;
Virex II 256, Diversey, Sturtevant, WI). Sampling plates were incu-
bated for 24 hours at 35°C. Aerobic bacterial colonies were counted
or deemed too numerous to count (TNTC) when colony count
exceeded 200. Of 450 samples, 43 were censored at a value of
200. Actual cleaning time was measured by stopwatch. Cleaning
instructions limited time to 25 minutes or time was unrestricted.
For analysis, cleaning time data were placed in 3 categories:
(1) limited arm (restricted to 25 minutes), (2) unrestricted–
moderate arm (<45 minutes taken), and (3) unrestricted–high
arm (≥45 minutes taken).

Aerobic bacterial colony counts were modeled as a function of
cleaning time category, disinfectant, precleaning ABC count
(z-transformed), and sample surface location, in a Bayesian nega-
tive binomial mixed-effects censored regression model using the
‘brms’ package in R version 3.5.1 software.5 A random intercept
for interaction of disinfectant and EVS staff was used to account
for 12 EVS staff cleaning >1 room with potentially different dis-
infectants. A normal(0,5) prior was specified for fixed effects, a
Student_t(3,0,10) was specified for standard deviation parameter
group-level effects, and a γ(0.01, 0.01) was specified for the nega-
tive binomial shape parameter. All chains converged, and Rhat was
1.0 for each parameter estimate. Results were reported as incident
rate ratio (IRR) compared to limited time. An IRR= 1 indicated
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no effect; an IRR < 1 indicated lower ABC counts compared to the
limited time arm; and an IRR > 1 indicated higher ABC counts.

Results

The limited time arm contained 225 samples (45 rooms),
unrestricted–moderate arm accounted for 55 samples (11 rooms),
and unrestricted-high arm included 170 samples (34 rooms). The
model-estimated association between time spent cleaning a room
and ABC counts on high-touch surfaces was inconclusive, even
when adjusting for disinfectant used, surface location, and pre-clean
ABC counts. With the reference category held at the limited time
arm, the estimated IRR for the unrestricted-moderate arm was
1.54, with a 95% uncertainty interval of 0.39–6.67, which included
1. The estimated IRR for the unrestricted-high arm was 2.80, with a
95% uncertainty interval, 0.92 – 8.17, that also included 1.

Discussion

These results suggest that in the presence of appropriate disinfec-
tants and trained EVS staff, the time spent on cleaning beyond
25 minutes does not affect disinfection of high-touch surfaces as
assessed by ABC counts. This finding is similar to that of Rupp
et al,6 who found that cleaning time was not associated with
improved cleaning as assessed by fluorescent marker. Although
not within the constraints of the 95% uncertainty interval, our
Bayesian analysis suggests some evidence that unrestricted longer
cleaning times (≥45 minutes) were associated with the greatest
postcleaning bioburden on the five high-touch surfaces sampled
in this study, as can be seen in Figure 1.

These results may be entirely due to random chance within
sampling, or they may represent different cleaning activities, such
as cleaning more surfaces with less focus on proper application
of disinfectant to the surfaces we sampled. To minimize the
Hawthorne effect and to avoid inadvertent disclosure of the surfa-
ces being sampled, we did not observe EVS staff directly in the
room. Our results suggest that a decrease in bioburden on 5
high-touch surfaces is not limited by less time allotted for disinfec-
tion (within recommended time range), but rather a combination
of adequate time and appropriate disinfectant use.

Our study was a single-center trial, the results of which may not
be generalizable to other healthcare settings. Assignment to clean-
ing time arm was not randomized or balanced across groups, nor
did we capture variables that affect disinfection such as disinfectant

contact time. Since we only reported ABC results, findings may not
be generalizable across pathogens.

In summary, we found cleaning time as categorized in this
study to have no conclusive effect on bioburden on high-touch
surfaces.
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Fig. 1. Median and 95% uncertainty intervals of aerobic bacterial
colony counts by cleaning-time category obtained by predicting the
outcome variable from the regression model. The model results were
inconclusive and can be seen in the large overlapping uncertainty
intervals.

606 John D. Coppin et al

https://doi.org/10.1017/ice.2019.44 Published online by Cambridge University Press

https://orcid.org/0000-0002-3916-952X
https://orcid.org/0000-0002-3916-952X
http://www.ahe.org/ahe/learn/press_releases/2009/20090924_minimal_time_guidelines.shtml
http://www.ahe.org/ahe/learn/press_releases/2009/20090924_minimal_time_guidelines.shtml
https://doi.org/10.1017/ice.2019.44

