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Climbing the Evidentiary Hierarchy for Environmental Infection
Control
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Increasing concern over multidrug-resistant organisms (MDROSs), especially vancomycin-
resistant enterococci (VRE), Clostridium difficile, and multidrug-resistant gram-negative
bacteria (MDR-GNB), has led to increasing attention being paid to the role of high touch
environmental surfaces in transmission. Our current understanding of the roles of
environmental surfaces in MDRO transmission include the following: 1) a primary role with
transmission from source patient to environmental surface to subsequent patient and, 2) a
secondary role from source patient to environmental surface to hands of healthcare
personnel to subsequent patient. Either a prior room occupant or a contemporaneous patient
sharing reusable medical equipment is the source patient in most primary transmission
events.

Standard environmental cleaning and disinfection entails manual cleaning and application of
a disinfectant, often utilizing a detergent disinfectant. In addition to new disinfectants with
greater potency and shorter contact times, new technological advances include ‘non-touch
disinfection’ (NTD) methods, the most developed of which are hydrogen peroxide vapor
(HPV), and automated germicidal ultraviolet irradiation. Both methods appear highly
efficacious in inactivating the microbial bioburden present on surfaces and both remove
much of the variance inherent in human cleaning activity via a high degree of automation
and feedback loops for verification that contact or irradiation times are adequate.1-3

Despite these advances, demonstrating the clinical impact of both old and new
environmental cleaning and disinfection technologies remains challenging. We propose an
evidentiary hierarchy for assessing any environmental disinfection strategy (Figure)
beginning with a foundation (i.e. level I) of laboratory efficacy studies similar to those
required for registration by the Environmental Protection Agency.* There are numerous
patient and practice factors that confound the relationship between environmental bioburden
reductions and MDRO transmission interruption, spanning from the number of patients on
antibiotics with wounds, devices, and diarrhea (rendering them either more contagious or
susceptible to colonization), to rates of compliance with hand hygiene and isolation, to
interventions aimed at source control such as chlorhexidine bathing. Because only a small
proportion of all MDRO acquisitions lead to eventual infection, linking infection reductions
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to environmental bioburden reductions (i.e. level V of Figure) is even more challenging.
However, because infections correlate more closely than colonization with mortality, excess
length of stay, and cost, such linkage will eventually become necessary to calculate the cost
effectiveness of new technologies.

Such a hierarchy can assist the development of a new disinfection technology, guiding
industry in demonstrating achievement at a lower level in the hierarchy before investment is
made at a higher level. It also highlights the need for tools to link achievements at lower
levels (e.g. achievable log g reductions in the laboratory or as part of an in-use study) to the
likelihood of success at a higher level. Standardized methods for environmental and hand
sampling, microbiologic cultures, and assessment of adherence to standard environmental
cleaning, hand hygiene, and isolation precautions will all be important to make the climbing
of this hierarchy more efficient.

The report by Passaretti et al. in this issue of Clinical Infectious Diseases, in which
investigators found that HPV-decontamination of MDRO patient rooms was associated with
a 45% reduction in environmental contamination and 80% reduction in acquisition of VRE
among patients with a prior MDRO-colonized room occupant, fits in the middle of this
proposed hierarchy (i.e. level 111 of Figure).> The focus on possible transmission from a
prior room occupant follows from HPV-decontamination being practical only for terminal
and not daily room cleaning and disinfection. In another recent study using performance-
improved standard cleaning and disinfection methods, MRSA acquisition was reduced by
62% and VRE by 22% in patients with a prior room occupant colonized by the respective
MDRO.6

In previous studies 19% of all MRSA, 18-38% of VRE, and 11% of C. difficile acquisitions
or infections occurred in patients where the prior room occupants were known to be
colonized or infected by the respective MDRO.”-9 By extrapolating the unadjusted data in
table 2 of the report by Passaretti et al. it appears that, had HPV-decontamination not been
used, approximately 25% of all VRE, 23% of MRSA, 29% of all MDR-GNB, and 28% C.
difficile acquisitions or infections would have occurred in patients with a prior room
occupant colonized or infected with one or more, but not necessarily respective, MDROs.>
However, only a fraction of these MDRO acquisitions are the result of primary
environmental transmission. Huang et al. estimated that the excess risk for acquisition from
a colonized or infected prior room occupant represented only 5.1% of the overall risk for
MRSA acquisition and 6.8% of the risk for VRE.” Other data show that, despite being
highly efficacious in reducing bioburden, recontamination occurs quickly following HPV
room decontamination.! If NTD or other new technologies feasible only for terminal
decontamination are going to climb to higher evidentiary levels and demonstrate impact on
overall MDRO transmission (i.e. level 1V of Figure) they will probably need to be coupled
with more reliable methods of daily cleaning and disinfection.

Intervention and control wards in the study by Pasaretti et al. were located all in a single
hospital and it is unclear whether the assignment of the intervention to certain units was
random.> Moreover, there was mixing across time periods, with transmission opportunities
on all the wards during the pre-intervention phase, along with the opportunities on the
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control wards during the intervention phase, serving as collective controls to the
opportunities on the HPV wards during the intervention phase. While this design was
adopted to increase the size of the study, secular trends in rates across all units could result
in a significant association with the intervention introduced late in the overall study period.
However, the modeling performed by these investigators controlled for rates and time and
still found a significant association with HPV-decontamination.

Although there was a mortality risk index included in their model, there was no direct
measure of factors such as invasive devices, antibiotic exposures, presence of wounds, or
diarrhea. In addition, there was no reported measure of institutional factors such as
compliance with hand hygiene or isolation precautions. It is possible, though not probable,
that because HPV decontamination involves use of sophisticated equipment and processes,
there was greater awareness by healthcare personnel of the importance of infection control,
leading to higher levels of compliance with hand hygiene and isolation precautions.

Finally, there was no report on the adequacy of standard cleaning and disinfection and the
method used to assess adequacy, direct observation by study personnel, is severely limited
by the Hawthorne effect. This is probably one of the greatest limitations of this study; while
it demonstrates superiority of HPV-decontamination in preventing a minor subset of
transmission events, the reader is left with the question “compared to what?” Future studies
should include measures of the adequacy of cleaning and disinfection in a control based on
more standardized, reliable methods.10

Other data helpful in understanding these findings would have been full characterization (i.e.
strain type) of both patient and environmental MDRO isolates including those from prior
and subsequent room occupants when transmission was assumed to have occurred.
Importantly, discordant MDRO transmission events (i.e. prior occupant with one MDRO,
subsequent occupant found with another MDRO species) were included in this study to
assess clinical effectiveness of HPV-room decontamination. The frequent finding of MDRO
environmental contaminants that differed from the recent room occupant would appear to
support this inclusion.

Surprisingly 13.9% of rooms were still contaminated after HPV decontamination (i.e. Table
5 in report by Passaretti et al.), despite the remarkable efficacy of HPV-decontamination.l: 2
Although the culture methods used may have been overly sensitive (i.e. broth amplifying as
little as 1 colony forming unit), this may have been offset by a relatively small, and therefore
relatively insensitive, surface area sampled (25cm?2). Because environmental contamination
has a probabilistic relationship to transmission, the sampling of larger surface areas using
quantitative culture methods will allow better correlation of in-practice bioburden reductions
to the interruption of transmission.11

Despite these limitations, this is an important study that further elucidates the role of
environmental surfaces in transmission. Not only is this the first controlled study showing
the potential advantage of a NTD intervention, its focus on ‘prior-to-subsequent room
occupant” transmission was well planned and implemented to achieve sufficient power.
Though limited, the environmental culture results show directionality in support of
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transmission reductions. The investigators are to be commended for their seminal work that
will serve as an important guide for future studies.
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Figure 1.

Evidence hierarchy for increasing patient safety through healthcare environmental surface
cleaning and disinfection.
TPrioritize cluster randomization over interrupted time series design
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