University of Dayton

eCommons

Biology Faculty Publications Department of Biology

3-29-2023

Surveillance and Stewardship: Where Infection Prevention and
Antimicrobial Stewardship Intersect

Fred C. Tenover
Cepheid, ftenover1@udayton.edu

Debra A. Goff
Ohio State University - Main Campus

Follow this and additional works at: https://ecommons.udayton.edu/bio_fac_pub

b Part of the Biology Commons, Biotechnology Commons, Cell Biology Commons, Genetics Commons,
Microbiology Commons, and the Molecular Genetics Commons

eCommons Citation

Tenover, Fred C. and Goff, Debra A., "Surveillance and Stewardship: Where Infection Prevention and
Antimicrobial Stewardship Intersect" (2023). Biology Faculty Publications. 350.
https://ecommons.udayton.edu/bio_fac_pub/350

This Editorial is brought to you for free and open access by the Department of Biology at eCommons. It has been
accepted for inclusion in Biology Faculty Publications by an authorized administrator of eCommons. For more
information, please contact mschlangen1@udayton.edu, ecommons@udayton.edu.


https://ecommons.udayton.edu/
https://ecommons.udayton.edu/bio_fac_pub
https://ecommons.udayton.edu/bio
https://ecommons.udayton.edu/bio_fac_pub?utm_source=ecommons.udayton.edu%2Fbio_fac_pub%2F350&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/41?utm_source=ecommons.udayton.edu%2Fbio_fac_pub%2F350&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/111?utm_source=ecommons.udayton.edu%2Fbio_fac_pub%2F350&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/10?utm_source=ecommons.udayton.edu%2Fbio_fac_pub%2F350&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/29?utm_source=ecommons.udayton.edu%2Fbio_fac_pub%2F350&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/48?utm_source=ecommons.udayton.edu%2Fbio_fac_pub%2F350&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/31?utm_source=ecommons.udayton.edu%2Fbio_fac_pub%2F350&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ecommons.udayton.edu/bio_fac_pub/350?utm_source=ecommons.udayton.edu%2Fbio_fac_pub%2F350&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:mschlangen1@udayton.edu,%20ecommons@udayton.edu

Open Forum Infectious Diseases

)SA

Infectious Diseases Society of America

hiv medicine association

OXFORD

Surveillance and Stewardship: Where Infection Prevention
and Antimicrobial Stewardship Intersect

Fred C. Tenover"® and Debra A. Goff*
'Cepheid, Sunnyvale, California, USA, and “College of Pharmacy, The Ohio State University Wexner Medical Center, Columbus, Ohio, USA

Colonization with multidrug-resistant organisms (MDROs) is a risk factor for subsequent infection. Surveillance for MDROs,
including methicillin-resistant Staphylococcus aureus, vancomycin-resistant enterococci, extended-spectrum beta-lactamase-
producing Enterobacterales, and carbapenemase-producing organisms, is commonly conducted in hospitals to prevent spread of
MDROs, in part to reduce the potential for additional infections. Although colonization is a risk factor for infection, data on
colonization with various MDROs are often not considered when selecting anti-infective therapy. There are conflicting data on
the strength of the positive and negative predictive values of the colonization test results to guide therapeutic strategies.
Defining therapeutic strategies for patients with complicated or drug-resistant infections or to select antimicrobial prophylaxis
before performing prostate biopsies often falls under the purview of the antimicrobial stewardship team. Should colonization
data, which are often present in the patient’s medical record from routine infection prevention measures, be reviewed before
selecting therapy for infections or for prophylaxis? In this perspective, we will explore the intersection of infection control and

antimicrobial stewardship activities.
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What information should antimicrobial
stewardship teams consider when devising
therapeutic strategies for patients with
multidrug-resistant infections? Certainly,
the identification of the bacterial species
and the organism’s antibiogram are prima-
ry considerations. For carbapenem-
resistant organisms, knowing whether
resistance is due to carbapenemase pro-
duction versus other mechanisms has
both therapeutic [1] and infection control
implications  [2].  Furthermore, for
carbapenemase-producing Gram-negative
organisms (CPOs), knowing whether the

carbapenemase is a serine-based enzyme,

Received 19 December 2022; editorial decision 24 March
2023; accepted 28 March 2023; published online 29 March
2023

Correspondence: Fred C. Tenover, PhD, Cepheid, 904
Caribbean Drive, Sunnyvale, CA, 94089 (ftenover1@udayton.
edu).

Open Forum Infectious Diseases®

© The Author(s) 2023. Published by Oxford University Press on
behalf of Infectious Diseases Society of America. This is an
Open Access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-NoDerivs i-
cence (https://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial reproduction and distribution
of the work, in any medium, provided the original work is
not altered or transformed in any way, and that the work is
properly cited. For commercial re-use, please contact journal-
s.permissions@oup.com
https://doi.org/10.1093/0fid/ofad176

such as a Klebsiella pneumoniae carbape-
nemase or oxacillinase-48, is critical be-
cause organisms with these enzymes
may respond to newer antimicrobial
agents, such as ceftazidime-avibactam
and meropenem-vaborbactam. On the
hand,
metallo-beta-lactamases, such as New
Delhi metallo-beta-lactamase (NDM),
(IMP), or
integron-mediated metallo-B-lactamase
(VIM), likely will not respond to these
agents [3]. For

other organisms containing

imipenemase Verona

methicillin-resistant
(MRSA)
vancomycin-resistant Enterococcus faeci-
um (VRE), knowing the susceptibility of
the isolates to agents, such as daptomycin

Staphylococcus — aureus and

and linezolid, may be critical for optimiz-
ing therapy [4, 5]. However, what if a
neutropenic patient or solid organ trans-
plant patient becomes septic? Are there
data in the patient’s medical record
that should be considered before the
availability of standardized antimicrobial
susceptibility test results? Should coloni-
zation (ie, the presence, growth, and
multiplication of a microorganism in a
body site in the absence of a host re-
sponse or tissue damage), with MRSA,

VRE, extended-spectrum beta-lactamase
(ESBL)-producing Enterobacterales, or
CPO, performed as part of an infection
prevention program, be considered
when selecting therapeutic strategies?
Using either culture or polymerase chain
reaction (PCR)-based methods to detect
the presence of these organisms in pa-
tients in an effort to stop their transmis-
sion to other patients in hospitals is a
major effort of many infection preven-
tion programs. In addition, although
not specifically undertaken for infection
prevention practices, screening for the
presence of antimicrobial-resistant or-
ganisms in the gastrointestinal tract that
could compromise the effectiveness of
prophylactic regimens before performing
prostate biopsies is becoming increasing-
ly common. Although surveillance activ-
ities vary widely from hospital to hospital
and even country to country, based on
the types of patients admitted to the hos-
pital, the philosophies of the infection
prevention program, and laboratory
funding to carry out surveillance activi-
ties (which, at least in the United States,
are not covered by reimbursement),
they are a mainstay of prevention.
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Colonization with any of these organisms
is a risk factor for infection, but are the
positive predictive value or negative pre-
dictive value (NPV) of the surveillance
methods sufficiently high to influence
therapeutic strategies? In this perspec-
tive, we will consider the intersection be-
tween data already gathered for infection
prevention activities or for guiding pro-
phylaxis and the goal of optimizing anti-
microbial stewardship to improve patient
outcomes in the hopes that such data will
be considered, if appropriate.

METHICILLIN-RESISTANT
STAPHYLOCOCCUS AUREUS

One clinical situation in which coloniza-
tion data are specifically used to guide
antimicrobial stewardship activities is
the de-escalation of vancomycin or line-
zolid therapy for community-acquired
pneumonia and healthcare-associated
pneumonia when rapid test results for
MRSA on nasal specimens are negative.
The recommendation, which appears in
the “Diagnosis and Treatment of Adults
with Community-acquired Pneumonia”
guideline from the American Thoracic
Society and the Infectious Diseases
Society of America (ATS-IDSA), applies
to pneumonia cases that are acquired
outside of the hospital setting and focuses
on patients in the United States who have
not recently completed foreign travel and
are not immunocompromised [6].
Although testing using culture methods
may be used, testing the nasal swab using
a rapid method is recommended to pro-
vide the information in a timely fashion,
because culture results often take 24-48
hours to complete. A meta-analysis by
Parente et al [7], which included data
from 22 studies and 5163 patients,
showed a NPV of nasal MRSA coloniza-
tion testing via culture or PCR of 98.1%.
The high NPV (which assumed an MRSA
prevalence of 10%) supports the use of
MRSA nasal screens as a tool for clini-
cians to rule out MRSA pneumonia and
de-escalate therapy accordingly in this
The ATS-IDSA

patient population.

guideline notes the use of a rapid meth-
od, and Parente et al [7] reported that
based on their data, PCR testing was
preferable due to its “improved perfor-
mance” and because PCR “...can provide
actionable results for discontinuation of
anti-MRSA therapy within 2 hours,
which may take 2 days with culture-
based testing.” The importance of con-
sidering the impact of disease prevalence
on NPV was highlighted by Burnham
et al [8] and is an important consider-
ation when implementing surveillance
testing for this indication. One advantage
to using MRSA colonization data ob-
tained by culture versus PCR or other
commercial methods is that using
MRSA surveillance test results to guide
therapeutic decisions is considered “off-
label” for commercial PCR tests. This re-
quires the hospital laboratory to conduct
an internal validation study to bring such
testing in compliance for this intended
use. That said, should colonization of
the nares or skin with MRSA be consid-
ered when selecting therapy for patients
with positive blood cultures with pre-
sumed staphylococci (ie, Gram-positive
cocci in clusters) before the availability
of antimicrobial susceptibility test results
or data from molecular methods? It is in-
teresting to note that a study by
Sarikonda et al [9] of 164 patients in the
intensive care unit (ICU) with positive
MRSA nasal colonization tests showed
low positive and negative predictive val-
ues for the development of bloodstream
infection (BSI) and lower respiratory
tract infections (LRTIs). Here, the com-
plexities of the prevalence of MRSA col-
onization and disease in the population
studied, the timing of the surveillance
tests (ie, results from tests performed
on admission vs subsequent testing dur-
ing the hospital stay), and site of infec-
tion all influence the predictive value of
the results. The authors concluded that
nasal colonization data should not be
used alone to initiate anti-MRSA therapy
for patients in the ICU, because the over-
all sensitivity for either BSI or LRTI was
only 28.7% with a negative predictive

value for both of 77.6%. This confirmed
other studies showing that MRSA infec-
tions often occurred in patients who
were not colonized with MRSA. On the
other hand, Noeldner et al [10], in a ret-
rospective study of data from almost
2000 patients with MRSA infections oth-
er than pneumonia, concluded that “...
the results of MRSA nasal PCR had a
high specificity and negative predictive
value for growth of MRSA in blood and
bone or soft-tissue cultures”. Thus, as
noted in the surviving sepsis guideline
[11], the issue becomes one of balancing
the risk of undertreating MRSA versus
the risk of overtreating MSSA for infec-
tions that fall outside of the ATS-IDSA
guideline.

VANCOMYCIN-RESISTANT
ENTEROCOCCI

Vancomycin-resistant enterococci con-
taining the vanA gene emerged in 1988
followed by the discovery and spread of
additional  glycopeptide
determinants, including vanB, vanD,

resistance

and others [12]. Soon, gastrointestinal
colonization with VRE was recognized
as a risk factor both for transmission of
VRE among patients in the hospital and
development of VRE infections, such as
BSIs. Weinstock et al [13] noted that
among patients undergoing hematopoi-
etic stem cell transplantation, VRE BSI
was seen by day 35 posttransplant in
34.2% of VRE-colonized patients, where-
as only 1.8% of patients not colonized
with VRE developed VRE BSI. They con-
cluded that screening transplant patients
for VRE was critical so that patients who
became febrile in the early posttransplant
period could be given antimicrobial
agents with activity against VRE. In a
more recent study, Kram et al [14] tested
rectal swabs taken from critically ill pa-
tients for the presence of vanA and eval-
uated the impact on therapy for those
patients who developed VRE BSI. The
vanA rectal swab results showed positive
and negative predictive values for VRE
BSI of 85.9% and 67.5%, respectively,
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when collected from the patient within
14 days of developing BSI. These data
were viewed as compelling enough ...
to influence antimicrobial selection and
de-escalation for BSI in a mixed ICU
population.” The predictive values were
better when the interval between detec-
tion of VRE colonization and develop-
ment of BSI was shorter.

EXTENDED-SPECTRUM
BETA-LACTAMASE-PRODUCING
ORGANISMS

Extended-spectrum beta-lactamases
emerged in Gram-negative bacilli in the
early 1980s, primarily among the SHV
and TEM beta-lactamase

Currently, CTX-M beta-lactamases are

families.

much more common globally than the
TEM or SHV ESBLs, although other
beta-lactamases, such GES enzymes,
which can be either ESBLs or carbapene-
mases, are emerging in many parts of the
world [15]. Screening for carriage of
Enterobacterales that produce ESBLs is
primarily performed on stool or rectal
swab specimens using chromogenic
agars supplemented with antimicrobial
agents. Colonized patients are typically
placed in contact precautions. However,
due to the high prevalence of ESBLs in
many regions of the world, the high lab-
oratory costs associated with screening,
and the increased use of carbapenems
in response to surveillance data, ESBL
screening in hospitals, especially in the
United States, is often limited to patients
in the intensive care or hematology/on-
cology unit, if performed at all [16].
Even in ICU settings, the value of ESBL
surveillance has been debated because
the positive predictive value is only
40%-50%, which does not spare carbape-
nem use [16]. Nonetheless, as noted by
Noster et al [17] and Ariza-Heredia and
Chemaly [18], intestinal colonization
with ESBL-producing organisms is asso-
ciated both with an increased risk of de-
veloping infection with these organisms
and for transmission to other patients.
Thus, detection of ESBL colonization

can have both antimicrobial stewardship
and infection prevention implications.
[19] their
“Recommendations for antibiotic selec-

Mensa et al note in
tion for severe nosocomial infections”
that “...the knowledge of colonizing mi-
crobiota and its susceptibility pattern
plays a vital role in the selection of initial
empirical antibiotic treatment and, in the
subsequent adjustment or de-escalation
in cases where the causative microorgan-
ism of the infection has not been identi-
fied.” Thus, according to this guideline,
formulation of therapeutic strategies for
a patient that meets the criteria for sepsis
(or systemic inflammatory response syn-
drome [SIRS] criteria in addition to other
parameters) when no etiologic agent has
been identified in the first 24-48 hours
should take into account surveillance
culture data, such as the presence of
ESBL-producing organisms from muco-
sal cultures. However, Ariza-Heredia
and Chemaly [18] do not recommend
routine surveillance for ESBLs for cancer
patients who have no signs or symptoms
of infection, because from their assess-
ment of the literature, the linkage be-
tween colonization and subsequent
infection and outcomes are not clear.
They make an exception for outbreak sit-
uations where surveillance data are criti-
cal for guiding infection prevention
activities [18]. Thus, other than agree-
that

ESBL-producing organisms should be

ment patients colonized with
placed in contact precautions, there is
no clear consensus on the need for rou-
tine ESBL screening, on the frequency
of obtaining specimens if surveillance is
conducted, or on the laboratory tech-
niques that are used to identify colonized
patients. Both within and outside of the
United States, the approach to ESBL
screening varies from institution to insti-
tution and depends on factors such as
prevalence of resistant organisms in the
region, the patient populations that will
undergo surveillance (eg, all patients on
admission, or only patients in the inten-
sive care unit or hematology/oncology
unit), the availability of laboratory

resources, and infection prevention

policies.

SCREENING FOR COLONIZATION
WITH ANTIMICROBIAL-RESISTANT
ORGANISMS BEFORE PROSTATE
BIOPSY

A parallel screening activity undertaken by
many microbiology laboratories—al-
though one that is not directly related to
infection prevention activities—is screen-
ing male patients for antimicrobial-
resistant organisms before undergoing
transrectal, ultrasound-guided, prostate
needle biopsies for diagnosis of carcinoma
of the prostate. In 2012, Taylor et al [20] re-
ported that using the results of rectal swab
cultures to guide the selection of antimi-
crobial prophylaxis aided in preventing
postoperative complications of prostate bi-
opsies and was highly cost effective. This
study set in motion numerous additional
studies seeking to optimize the laboratory
pathway for screening patients for resistant
organisms before undergoing prostate bi-
opsies. A recent review of data from a
9-year global study of 2 cohorts of patients
undergoing prostate biopsies (one from
2010 to 2014 and the second from 2016
to 2019) noted that the rates of complica-
tions among the 1615 men increased
from 6% to 11.7%. This emphasizes the
need for interventions to reduce complica-
tions. Approximately 93% of patients in
the study received antimicrobial prophy-
laxis and among those patients, approxi-
mately 74% received a fluoroquinolone
[21]. The extensive use of fluoroquino-
lones for prophylaxis, followed by the
emergence of both lower and systemic
with
fluoroquinolone-resistant Gram-negative

severe urinary tract infections
bacilli, led many laboratories to focus
exclusively on this class of antimicrobial
agents for their screening tests. However,
screening stool specimens for any
that

fluoroquinolone-resistant quickly proved

Enterobacterales  species was
to be an expensive and labor-intensive
task. Thus, many laboratories instead
chose a more limited approach of screen-

ing either stool or rectal swab specimens

Surveillance for Stewardship « OFID « 3



only for ciprofloxacin-resistant Escherichia
coli using selective agar (eg, MacConkey
agar containing ciprofloxacin) to indicate
the presence of resistant organisms [22].
However, when fluoroquinolone-resistant
organisms were identified, additional sus-
ceptibility testing had to be done on the
colonies to identify alternative antimicrobi-
al agents for prophylaxis. This further de-
layed delivery of the results used for
selecting a prophylaxis regimen and for
performing the biopsies. Thus, some labo-
ratories have taken a much broader ap-
proach to screening for resistant
organisms using as many as 4 different se-
lective agar media, containing either cipro-
floxacin, fosfomycin, trimethoprim, or
amdinocillin-amoxicillin-clavulanic ~ acid,
to identify the optimal agent for prophylax-
is as rapidly as possible [23]. Although this
approach is very effective in guiding selec-
tion of prophylaxis in a timely manner
(all 4 media showed high sensitivity and
specificity), the approach is very expensive
and one that is simply untenable for
many laboratories. It is important to
note that the results of these tests
(which may be limited to recognition of
fluoroquinolone-resistant E coli) are typi-
cally not communicated to the infection
prevention team because prostate biopsy
is typically performed as an outpatient pro-
cedure. Some laboratories have combined
ESBL surveillance together with screening
for resistant organisms to guide biopsy pro-
phylaxis, because they are the performed on
the same specimen type. However, this
does point out the complexities that some-
times arise for the laboratory in terms of
what information on specimens that are
collected for surveillance and screening
studies, that is, outside of routine diagnostic
testing, is communicated to which hospital
service and for what purpose. In some
institutions, surveillance culture data are
communicated only to the infection pre-
vention service to prevent the overuse of
antimicrobial agents in patients who may
be colonized but not infected. This helps il-
luminate why the intersection of antimicro-
bial stewardship and infection prevention
activities need to be coordinated so that

all services may benefit from the data gen-
erated by the microbiology laboratory.

CARBAPENEMASE-PRODUCING
GRAM-NEGATIVE BACTERIA

Infections with CPO are a therapeutic
challenge, especially organisms that pro-
duce metallo-carbapenemases [1, 24].
The importance of choosing the correct
therapy up front is underscored by the
fact that many CPOs are highly virulent
[25] or
Pseudomonas aeruginosa [26] where any

clones of K pneumoniae
delay in delivering effective therapy
may be fatal. In the period between rec-
ognition of Gram-negative bacilli in the
blood culture bottle and the availability
of bacterial species identification and
susceptibility results, which may be 72
hours or more in the absence of syn-
dromic panel data, should colonization
with CPOs be considered when selecting
therapeutic strategies? Surveillance for
CPO is recommended by the Centers
for Disease Control and Prevention [27]
to limit the spread of MDRO in hospitals
but not specifically for guiding therapy.
However, positive colonization data that
included the type of carbapenemase
produced could be valuable if the patient
was colonized by CPO and harboring
metallo-beta-lactamases, such as IMP,
NDM, or VIM. Data specifically address-
ing this issue are rare; however, a study
by Lapointe-Shaw et al [28] noted the
cost effectiveness of screening for
carbapenemase-producing

Enterobacterales (CRE) both for prevent-
ing transmission in the hospital and pre-
CPE
prevalence levels exceeded 0.3%. In addi-

venting infections when the
tion, Seo et al [29] reported that among
1541 hematology and hepatogastroenter-
ology patients with liver transplantation
who were colonized with a CPO, 13.4%
went on to develop infection. In addition,
Freire et al [30] reported that among 75
patients who had kidney transplant
and were colonized by CPO, 16 (21.6%)
developed infection with a CPO. They
concluded that “...knowledge of CRE

colonization is important to guide em-
pirical therapy in this population...”.

CONCLUSIONS

Colonization with an MDRO is a risk fac-
tor for subsequent infection, but the pre-
dictive values of positive or negative
surveillance tests vary from organism to
organism and with disease prevalence
in the population under consideration.
The data supporting de-escalation of
vancomycin or linezolid for patients
with community-acquired pneumonia
when nasal specimens are negative for
MRSA are strong and we support this
use. However, basing therapy for sus-
pected staphylococcal BSI on MRSA col-
onization data that may change during
the course of a hospital stay has the po-
tential of undertreating a large percent-
age of patients and cannot be routinely
recommended. On the other hand, VRE
colonization data show reasonable pre-
dictive values for BSI, at least among pa-
tients who are critically ill, especially in
high prevalence populations. The litera-
ture regarding the value of surveillance
for ESBL-producing organisms is mixed,
with some groups advocating frequent
surveillance cultures and integrating the
results into their treatment guidelines
for sepsis and SIRS, whereas others rec-
ommend limiting ESBL surveillance, at
least among patients with cancer, to peri-
ods of outbreaks with ESBL-producing
organisms. Whether it is feasible to un-
dertake
ESBL-producing organisms should be a

surveillance  cultures  for
local decision, based on resistant organ-
ism prevalence, laboratory resources,
and perceived or proven benefit to pa-
tient care. On the other hand, some level
of screening procedures to optimize
which prophylactic antimicrobial agents
should be selected for patients undergo-
ing prostate biopsies should be undertak-
en by the laboratory, because the
incidence of complications of these pro-
cedures is increasing. There are no direct
data on the predictive value of CPO col-
onization for infection, especially in
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patients who are immunocompromised,

but such data are worth considering

especially in

areas where metallo-

carbapenemases are common because

this indicates limited options for effective

therapy.
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