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Background: Our primary objective was to examine anesthesia work area reservoir isolation of Klebsi-
ella, Acinetobacter, Pseudomonas, and Enterobacter spp (KAPE) pathogens. This is a retrospective analysis
of a randomized, prospective, and observational study involving 3 academic medical centers.
Methods: Patients included adults undergoing general anesthesia. Gram-negative isolates (N = 2,682) were
collected from anesthesia work area reservoirs in 274 randomly selected operating room case pairs. Nine
hundred and forty-five isolates were included in this study. Chi square tests were used to examine the
association of anesthesia work area reservoirs with KAPE genera isolation.
Results: Acinetobacter pathogens were more likely to be isolated from anesthesia provider hands (risk
ratio [RR], 1.07; 95% confidence interval [CI], 1.04-1.10; corrected P = .004) and less likely to be isolated
from patients (RR, 0.2; 95% CI, 0.08-0.50; corrected P < .0001). Enterobacter pathogens were more likely
to be isolated from patients (RR, 3.34; 95% CI, 1.92-5.81; corrected P = 0.001) and less likely to be iso-
lated from provider hands (RR, 0.89; 95% CI, 0.83-0.97; corrected P = .007).
Conclusions: Anesthesia provider hands are important reservoirs for Acinetobacter spp, whereas patient
skin surfaces are key reservoirs for Enterobacter spp. Future work should examine the impact of a multimodal
program in controlling the intraoperative spread of Acinetobacter and Enterobacter pathogens.

© 2017 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier
Inc. All rights reserved.

Health care–associated infections (HAIs) affect up to 7% of all pa-
tients undergoing surgery and are associated with a significant
increase in patient morbidity and mortality.1-3 National organiza-
tions such as the Centers for Disease Control and Prevention, World
Health Organization, and the White House consider HAIs to be a
devastating and persistent problem linked to antibiotic resistance.
These organizations have called for improved basic preventive mea-
sures, such as surveillance, to reduce bacterial spread.4-6

Bacterial transmission events arising from anesthesia work area
reservoirs, including anesthesia provider hands before, during, and

after care, patient nasopharyngeal and axillary skin sites, and an-
esthesia machine surfaces (adjustable pressure-limiting valve and
agent dial), have been directly linked to increased risk of open lumen
stopcock contamination events. In turn, open lumen stopcock con-
tamination events have been associated with increased risk of patient
morbidity and mortality.7-9

The intraoperative spread of Klebsiella, Acinetobacter, Pseudomo-
nas, and Enterobacter spp (KAPE) is of particular concern because
of ongoing acquisition of genetic traits which are associated with
antibiotic resistance and virulence.10 These traits include ex-
tended spectrum β-lactamase (ESBL) production that is associated
with increased antibiotic resistance, treatment failure, and in-
creased patient morbidity and mortality.11

Our primary aim for this study was to examine the relative
contribution of anesthesia work area reservoir sites to KAPE
isolation, including ESBL-positive strains. Our secondary aims
were to characterize a typical transmission pattern for KAPE
isolates and to examine the association of KAPE reservoir
isolation with postoperative HAI development. Our hope is
that this work will provide guidance for intraoperative infection
control measures targeting more pathogenic gram-negative
organisms.
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MATERIALS AND METHODS

Overview

We previously collected 2,682 gram-negative isolates from 274
randomly selected study units (first and second case of the day in
each of 548 operating room environments) across 3 major academ-
ic medical centers over a 12-month period (March 2009-February
2010).9 Isolates of the same genera found in at least 2 distinct res-
ervoirs within a study unit were included in this analysis. Because
the activity was limited to analysis of deidentified data from a pre-
vious institutional review board–approved project (no. 201507774,
Assessment of Routine Intraoperative Horizontal Transmission of
Potentially Pathogenic Bacterial Organisms II), the University of Iowa
declared that the additional analysis did not meet the definition of
human subjects research.9

Institutional infection control policies were tracked and re-
corded during the study period. Routine cleaning of environmental
surfaces between cases at 1 site involved surface disinfection wipes
in addition to a quaternary ammonium compound, whereas 2 sites
used only a quaternary compound. Providers at all sites had access
to wall-mounted, 62% alcohol dispensers and to 70% alcohol dis-
pensers located on the anesthesia carts. A machine-mounted, foam-
based alcohol dispenser was also available at 1 of 3 sites. Gloves
were immediately available for use at all sites. Use of preopera-
tive chlorhexidine baths or nasal mupirocin by patients was
infrequent for any site. There were no changes in these standard-
ized procedures during the study period.9

KAPE anesthesia work area reservoir isolation (primary outcome)

We systematically sampled anesthesia provider hands (attend-
ing and resident physicians and certified registered nurse
anesthetists) before, during, and after patient care, environmental
sites proven to reliably represent the magnitude of contamination
of the anesthesia work environment which included the adjust-
able pressure-limiting valve and agent dial,7-9 patient skin sites
strongly correlated with surgical site infections including the na-
sopharynx and axilla,7-9,12,13 and the internal lumen of open lumen
intravascular stopcock sets.7-9 The intent of this model was to include
reservoirs that could be addressed by infection control improve-
ments by anesthesia providers and technologists. Distal reservoirs,
such as the patient’s rectum, are addressed by the model when
pathogens are transmitted from distal to proximal reservoirs con-
tacted by the anesthesia provider. For example, rectal colonization
with bacterial organisms is assessed indirectly because it common-
ly occurs in conjunction with skin colonization,14,15 including the
antecubital fossa.14,15 The antecubital fossa is often in contact with
the blood pressure cuff, which frequently contacts the patient axilla
and provider hands, clothing, or skin of anesthesia providers, a ra-
tionale for why the antecubital fossa and blood pressure cuff have
been shown to be significant predictors of bacterial transmission
in colonized patients.15 Air is a constant in the model that poten-
tially impacts all reservoirs in parallel through settling of aerosolized
particles; all reservoirs measure settling of aerosolized particles as
baseline cultures are obtained and compared with case-end cul-
tures. This model has been previously validated.7-9,16,17

Sampling for the first case in a given observational unit in-
volved the following sequence of activities. Environmental sites
(adjustable pressure-limiting valve and agent dial of the anesthe-
sia machine) were decontaminated and subsequently cultured to
establish a baseline. Anesthesia provider hands were then sampled
on operating room entry. After induction of anesthesia and patient
stabilization, the patient nasopharynx and axilla were sampled. Pro-
vider hands (any provider that entered the anesthesia workspace

outside of the sterile field including but not limited to anesthesia
providers and technologists) were sampled during care. The same
environmental sites were sampled at case end along with the in-
ternal lumen of the patient intravenous stopcock set, and provider
hands were again sampled at case end.7-9

Sampling for the second case in an observational unit was similar
to the case 1 process except that environmental sites were not de-
contaminated before sampling. This was executed in this manner
so residual contamination after routine cleaning procedures between
cases could be assessed.7-9

Culture acquisition and handling methodology

Hand sampling
Using a previously validated, modified glove juice technique, pro-

vider hands were sampled before, during, and after patient care.7-9

Patient sampling
The patient’s nasopharynx was sampled to assess the patient res-

ervoir because nasopharyngeal pathogens have been strongly
associated with postoperative surgical site infections. The pa-
tient’s axilla was also sampled because the axilla harbors up to 15%-
30% of pathogens colonizing patient skin.7-9

Environmental sampling
Two sites on the anesthesia machine, the adjustable pressure-

limiting valve and the agent dial, are proven representatives of the
anesthesia environment that have been associated with an in-
crease in the probability of bacterial contamination of the intravenous
stopcock set.7 These sites were sampled at baseline (after active
decontamination at case start for case 1 and after routine decon-
tamination at case start for case 2) and at end of the case via a
standardized method. Active decontamination involved targeted
cleaning of the study sites by the study investigators using a qua-
ternary ammonium compound (Dimension III; Butcher’s, Sturtevant,
WI) strictly according to the manufacturer’s protocol, whereas routine
decontamination was performed by the usual operating room per-
sonnel according to their standard procedure applied to the
environment between operative cases. Routine decontamination also
involved use of the same quaternary ammonium compound, but
personnel were not asked to specifically target the adjustable
pressure-limiting and agent dial.7-9

Identification of ESBL-positive isolates

Determination of antibiotic susceptibility
Two to 3 colonies of each of 304 Enterobacteriaceae isolates were

selected and introduced into 2 mL of sterile saline contained within
a 5-mL vial and whisked to bring the bacteria into suspension. The
suspensions were briefly vortexed (15 seconds) and compared with
a 0.5 McFarland turbidity standard and the turbidity adjusted to
match the 0.5 McFarland standard. A sterile swab was then in-
serted into the bacterial suspension to saturation, and excess liquid
was removed from the swab by pressing to the side of the vial. Each
swab was then used to coat the surface of a 150-mm Mueller Hinton
agar plate in 3 directions using the zig-zag technique, the plate
rimmed to collect excess liquid, and the plate allowed to air dry.
Antibiotic disks (ampicillin, cefazolin, cefepime, ceftazidime,
cefuroxime, ciprofloxacin, clindamycin, gentamicin, meropenem, pen-
icillin, piperacillin-tazobactam, and sulfamethoxazole-trimethoprim)
were placed and incubated at 35°C for 16-18 hours. Antibiotic
susceptibility was recorded as sensitive (0), 1 (intermediate), or
resistant (2).18,19
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