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Standard precautions identified by MALDI-TOF MS. ESBL and carbapenemases were phenotypically detected. Changes in species

Community-acquisition diversity (SDI) and distribution over time were analyzed.

Nosocomial acquisition Results: ESBL-E incidence (8.4%) tended to decrease over time (p=0.003) and CPE carrier prevalence
remained unchanged during the study (2%). The contact isolation strategy targeted to reduce ESBL-E
transmission was ineffective in reducing ESBL-E carriers but significant differences were observed with
CPE (p=0.017). SDI did not change among ESBL-E and E. coli was predominant (78.5%) during the study.
K. pneumoniae (54%) was the most frequent CPE species, followed by E. coli (19%). SDI decreased among
the CPE population over time mainly due to K. pneumoniae dominance and increased E. coli prevalence
in the last part of the study.

Conclusions: During the R-GNOSIS project, contact precautions were not effective in reducing the ESBL-E
transmission but may have had a positive collateral effect on the CPE containment.
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La implementacion de la estrategia de aislamiento de contacto

para la contencion de portadores de 3-lactamasas de espectro extendido
en un hospital universitario afecta positivamente a la epidemiologia

de las enterobacterias productoras de carbapenemasas

RESUMEN

Introduccion: La falta de consenso en las medidas de control necesarias para prevenir la transmisién de
enterobacterias productoras de 3-lactamasas de espectro extendido (BLEE-E) en el entorno hospitalario
es muy preocupante. En este trabajo describimos la prevalencia y la distribucién de especies de BLEE-E y
las enterobacterias productoras de carbapenemasas (EPC) en pacientes ingresados en un hospital terciario
durante un programa de vigilancia activa para detectar portadores de BLEE-E y reducir su transmision
(Proyecto R-GNOSIS).

Métodos: Entre marzo-2014 y marzo-2016 se recogieron 15.556 hisopos rectales de 8.209 pacientes
ingresados en 2 servicios médicos (Gastroenterologia, Neumologia) y 2 quirdrgicos (Neurocirugia,
Urologia). Los hisopos se sembraron en las placas de agar ChromolD-ESBL y CARB/OXA-48. Las colonias
crecidas fueron identificadas por MALDI-TOF MS. La produccién de BLEE y carbapenemasas se confirmé
fenotipicamente. Se analizaron los cambios en la diversidad de especies (SDI) y su distribucién en el
tiempo.

Resultados: La incidencia de BLEE-E (8,4%) tendi6 a disminuir (p=0,003) y la prevalencia de portadores
de CPE permaneci6 sin cambios durante el estudio (2%). La estrategia de aislamiento de contacto dirigida
a reducir la transmisién de BLEE-E fue ineficaz, pero se observaron diferencias significativas en las EPC
(p=0,017). La SDI de las BLEE-E no cambi6 durante el estudio y E. coli fue la especie predominante (78,5%).
K. pneumoniae (54%) fue la especie de EPC mas frecuente, seguida de E. coli (19%). El SDI disminuy6 entre
la poblacién de EPC, principalmente debido al dominio de K. pneumoniae y al aumento de la prevalencia
de E. coli en la Gltima parte del estudio.

Conclusiones: Durante el proyecto R-GNOSIS, las precauciones de contacto no fueron efectivas para
reducir la transmision de BLEE-E, pero pudo haber tenido un efecto colateral positivo en la contencién de
EPC.

© 2020 Elsevier Espaiia, S.L.U. y Sociedad Espafiola de Enfermedades Infecciosas y Microbiologia Clinica.

Todos los derechos reservados.

Introduction

ESBL-producing Enterobacterales (ESBL-E), currently dissemi-
nated worldwide, are considered endemic in many countries,
including Spain. Last available data indicate that the overall
prevalence of ESBL-E fecal carriers in Spain is approximately
6-8%, with an increasing trend in the community.!-> ESBLs and
particularly CTX-M enzymes are mainly detected in community-
acquired Escherichia coli isolates and nosocomial clones of Klebsiella
pneumoniae.*” The increasing consumption of carbapenems antibi-
otics for the treatment of infections caused by ESBL producers
has been directly related to the rapid emergence and dissemi-
nation of carbapenemase-producing Enterobacterales (CPE).57 In
Spain, the epidemiology of CPE has been largely associated with
the expansion of hospital-adapted OXA-48 and VIM-1-producing
K. pneumoniae clones.®~'9 However, an increased prevalence of
0XA-48-producing E. coli has also been described in our area, even
associated with the ST131-E. coli clone, commonly related to CTX-M
production.!!12

The risk for carbapenemases spread into the community, as hap-
pened with CTX-M enzymes, is increasing and depicts a great public
health threat worldwide. As a consequence, regional guidelines
have been implemented to curtail the dissemination, and decla-
ration of CPE to Public Health authorities is now mandatory in
different Autonomous Communities.!> Nevertheless, few official
guidelines related to infection control measures for reducing ESBL-
E carriers in general hospital wards have been published and the
effectiveness of patient isolation for preventing the ESBL-E trans-
mission in non-outbreak situations is uncertain.'*

This study aimed at assessing the incidence of ESBL-E and
CPE carriers in a tertiary hospital in Madrid during the R-GNOSIS
project and determining the efficacy of the contact isolation (CI)

with respect to standard precaution (SP) strategy in reducing the
nosocomial transmission of ESBL-E isolates within the hospital.
Additionally, species diversity and distribution of both CPE and
ESBL-E populations were analyzed over time.

Methods

Study design

R-GNOSIS  “Resistance in Gram-Negative Organisms:
Studying Intervention Strategies” is a European collabora-
tive research project funded by the European Commission
under the Seventh Framework Programme (FP7) for Research
and Technology (R-GNOSIS-FP7-HEALTH-F3-2011-282512)
(http://www.r-gnosis.eu/). Two work packages (WP) were per-
formed at the University Hospital Ramén y Cajal (Madrid, Spain) as
a part of the R-GNOSIS project: WP5 (“Patient isolation strategies
for ESBL carriers in medical and surgical hospital wards”) and WP7
(“Functional microbiology & within-host transmission dynamics of
genes, plasmids and clones of MDR-GNB”). WP5 objective was to
evaluate the additional effects of contact isolation (CI) compared
to standard precaution (SP) strategies on the incidence density of
nosocomial ESBL-producing Enterobacterales (ESBL-E) acquisition
among adult patients hospitalized in two surgical (SW) and two
medical wards (MW). During the first period (12 months), CI was
implemented in SW (Urology and Neurology) while only SP were
used in MW (Gastroenterology and Pneumology). Both strategies
were switched after a wash-out period of one month (Fig. 1). CI
and SP interventions are summarized in Table 1. Following the
R-GNOSIS protocol, all patients were screened on admission to
the ward or as soon as possible within the first 3 days. Repeated
surveillance cultures were obtained from patients staying longer
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Fig. 1. Intervention strategies for ESBL-producing Enterobacterales (ESBL-E) carriers
during the R-GNOSIS Project. Period 1=March 2014-March 2015; Period 2 = April
2015-March 2016.

Table 1
Intervention strategies for ESBL-producing Enterobacterales (ESBL-E) carriers during
the R-GNOSIS Project.'”

Intervention strategies

Standard Precautions (SP) Hand hygiene (HH).

Use of gloves and other barriers by
healthcare workers (HCWs) during
the care of all patients.

Standard Precautions (SP).

Use of gloves and gowns by visitors
during the care of patients known
to be colonized/infected.

Isolation of colonized/infected
patients in a single room or in a
shared room with patients
colonized/infected with the same
microorganism.

Contact Isolation (CI)

than 7 days on a specific day each week. Samples were also recov-
ered at discharge from patients staying up to 3 days.'® The study
was approved by the Hospital Ethical Committee (Ref. 251/13).

In our Hospital, unlike the other centers, patients included
in the R-GNOSIS project were also screened for CPE intestinal
colonization. Following the Spanish guidelines, infection control
measures and active surveillance (rectal cultures) in colonized
and/or infected patients were strictly implemented after detec-
tion of each new case of carbapenemase production.’> On the
other hand, WP7 was aimed at studying the emergence, persis-
tence, resistance mechanisms and clonal relationship of MDR-GNB
recovered during the WP5.

Surveillance cultures

Atotal of 15,556 rectal swabs from 8209 patients were collected
in our Hospital between 4 March 2014 and 30 March 2016 as a
part of the R-GNOSIS Project; 6810 samples from 4027 patients and
8016 swabs from 3872 patients were recovered during the first (4
March 2014-28 February 2015) and second (1 April 2015-31 March
2016) intervention period, respectively. Furthermore, 730 swabs
from 310 patients were also collected during the wash-out period
(March 2015). In the subsequent analysis, the wash-out month was
considered to be within the first period. The total rectal swabs
recovered in each ward during both study periods are shown in
Table 2.

Table 2
Recovered rectal swabs and patients screened at the University Hospital Ramén y
Cajal during the R-GNOSIS Project.

Wards No. rectal swabs No. patients
Gastroenterology

Period 1 2026 1083

Wash-out 197 82

Period 2 2225 999
Total 4448 2164
Pneumology

Period 1 1812 1078

Wash-out 224 88

Period 2 2218 1007
Total 4254 2173
Neurosurgery

Period 1 762 421

Wash-out 87 35

Period 2 972 456
Total 1821 912
Urology

Period 1 2210 1445

Wash-out 222 105

Period 2 2601 1410
Total 5033 2960
TOTAL 15,556 8209

Period 1=March 2014-March 2015; Period 2 = April 2015-March 2016.

Screening for ESBL and carbapenemase production

Rectal swabs were directly seeded on both ChromID-ESBL and
-CARB/OXA-48 selective chromogenic agar plates (BioMérieux,
Marcy I'Etoile, France) and incubated at 37°C for 24-48 h. A sin-
gle colony per color and morphology growing on each selective
chromogenic agar-media was selected for microbiological studies.
Bacterial identification was performed by MALDI-TOF MS (Bruker
Daltonics, Bremen, Germany). ESBL production was phenotypi-
cally detected by the double-disk synergy test (DDST) and ESBL
and AmpC Screen Kit (RoscoDiagnostica, Taastrup, Denmark). Pro-
duction of carbapenemases was also investigated by the Modified
Hodge and KPC/MBL/OXA-48 Confirm Kit (RoscoDiagnostica) tests.

Diversity analysis

The Simpson Diversity Index (SDI) was estimated'® to calculate
the bacterial species diversity of both CPE and E-ESBL populations
throughout the study.

Statistical analysis

Differences in accumulated incidence rates over time were
assessed using Poisson regression (Stata Statistical Software:
Release 11. College Station, TX: StataCorp LP). Differences in preva-
lence rates among different wards and periods were assessed
using the Fisher's Exact test and statistical significance among
SDI disparities was also estimated by Paired T-test (RStudio:
Integrated Development for R. RStudio, Inc., Boston, MA URL
http://www.rstudio.com/). In all cases p-values <0.05 were consid-
ered statistically significant.

Results
CPE and E-ESBL colonization rates

During the study period, 730 non-duplicated ESBL-E isolates
were recovered from 687 patients and the total colonization rate
was 8.4% (95% CI 7.8-9%). During the same period, 198 non-
duplicated CPE were isolated from 162 patients and this result
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Fig. 2. Incidence rates of CPE and ESBL-E carriers in different wards and periods during the R-GNOSIS Project. P1 =Period 1 (March 2014-March 2015); P2 =Period 2 (April

2015-March 2016).

represented an overall CPE accumulated incidence rate of 2% (95%
CI 1.7-2.3%). It should be noted that 15.3% (105/687) of the ESBL-E
carriers were simultaneously colonized with a CPE isolate and that
55.5% (110/198) of CPE isolates were also ESBL producers.

Colonization rates and infection control measures strategies

During the R-GNOSIS Project, the incidence rate of ESBL-E car-
riers tended to decrease over time (p=0.003) and non-significant
differences were detected with the implementation or withdrawal
of CI (IRR=1.04, 95% CI=0.86-1.25; p=0.07). However, although
the colonization incidence density with CPE was also invariable
throughout the study (IRR=1.01, 95% CI=0.98-1.02; p=0.41),"7
statistical differences were found depending on the intervention
strategy implemented for ESBL-E carriers (p=0.017). All incidence
data are shown in Table S1 and represented in Fig. 2. Significant dif-
ferences were not observed in both ESBL and CPE colonization rates
comparing both studied periods (Fig. 2a). At ward level, during the
firstintervention period and coinciding with the Climplementation
for ESBL-E carriers in SW, both ESBL-E and CPE incidences were
higher in MW with respect to SW (Fig. 2b), but statistical differ-
ences were only found among CPE carriers (MW =2.2%, SW = 1.3%)
(OR=1.7; 95% CI=1.0-2.8; p=0.03). As is shown in Fig. 2b, an
increasing CPE incidence was observed in SW (Period 1=1.3%,
Period 2=2.2%) (OR=0.6; 95% CI=0.4-1.0; p=0.05) in the second
part of the study, coinciding with the withdrawal of CI measures
in patients colonized with ESBL-E. On the contrary and despite
the implementation of the CI strategy, the CPE incidence in MW
remained invariable with respect to the first period (Period 1=2.1%;

Period 2 =2.1%). Remarkably and despite the Cl measures, the ESBL-
E colonization rate during this second intervention period was also
significantly higher in MW (9.2%) than SW (7.2%) (OR=1.3; 95%
CI=1.0-1.6; p=0.03).

Diversity and bacterial species distribution

During the R-GNOSIS study, a total of 198 CPE and 730 ESBL-
E non-duplicated isolates were collected. As shown in a previous
study,'® K. pneumoniae (53.5%; 106/198) was the most frequent
CPE species, followed by E. coli (19.2%; 38/198) and Enterobac-
ter cloacae complex (11.1%; 22/198). Other CPE species such as
Citrobacter freundii (4.5%; 9/198), Klebsiella oxytoca (4%; 8/198),
Klebsiella aerogenes (3%; 6/198), Kluyvera spp. (3%; 6/198), Cit-
robacter koseri (0.5%; 1/198), Raoultella ornithinolytica (0.5%; 1/198)
and Raoultella planticola (0.5%; 1/198) were sporadically detected,
mainly during the first period. Conversely, the most frequent
ESBL-producing microorganism was E. coli (78.5%; 573/730), fol-
lowed by K. pneumoniae (17%; 124/730), while other ESBL-E
species were occasionally detected (12 E. cloacae complex, 11
C. freundii, 4 K. oxytoca, 3 Enterobacter kobei, 2 C. koseri and 1
K. aerogenes). In order to analyze and compare the species dis-
tribution of both CPE and ESBL-E populations over time, four
semesters within the R-GNOSIS study were defined (S1=March
2014-August 2014; S2 =September 2014-March 2015; S3 =April
2015-September 2015; and S4=October 2015-March 2016). CPE
and E-ESBL species distribution and diversity are shown in Table S2
and Table S3, respectively. According to our previous study, the CPE
species diversity decreased notably throughout the R-GNOSIS study
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Fig. 3. Composition ratio of CPE and E-ESBL species by semesters (S1, S2, S3, S4) and wards during the R-GNOSIS Project. (S1=March 2014-August 2014; S2 = September
2014-March 2015; S3 =April 2015-September 2015; and S4 = October 2015-March 2016).

(SDIs; =0.75, SDIs, =0.77, SDIs3 =0.62 and SDIg4 =0.43) (p=0.051).
Changes in the species distribution were observed during the stud-
ied period, as a higher K. pneumoniae prevalence was found in
the last part of the study, along with an increased E. coli popula-
tion and a reduced incidence of other minority species. Conversely,
species diversity among ESBL-E carriers remained virtually stable
over time (SD151 =0.29, SD[52 =0.36, SD153 =0.41, and SD[s4 = 0.34)
(p=0.9). Overall, changes in species distribution were not observed
and ESBL-producing E. coli was the predominant species through-
out all the study. Composition ratio of CPE and E-ESBL species by
semesters and wards is shown in Fig. 3.

Discussion

During the R-GNOSIS study, the incidence of patients colo-
nized with ESBL-E in our Hospital was 8.4%. Previous studies
have reported a similar prevalence in Spain among healthy fecal
carriers.” The compromise between benefits and cost-effectiveness
of CI for the containment of multidrug-resistant Enterobacterales
is controversial and it has been suggested that it may be related
to the local epidemiology.'® Some studies have demonstrated that
transmission dynamics of ESBL and advantages of Cl implementa-
tion in the hospital setting are dependent on the circulating species
and clones.!® The R-GNOSIS Project was designed to evaluate the
benefits of CI over SP in the prevention of ESBL-E acquisition in
non-critical care wards across different European Hospitals. In this

multicentre study, no association between the incidence density of
ESBL-E ward-acquired and the implementation of CI was observed.
Moreover, no differences in the acquisition of ESBL-producingE. coli
and K. pneumoniae isolates between CI and SP strategies were
found.!” In agreement with the general results obtained across all
participant centers, effectiveness of CI measures in reducing the
ESBL-E transmission in our Hospital was not demonstrated. Fur-
thermore, species diversity and distribution among ESBL-E were
not affected by the different intervention strategies and ESBL-E. coli
(79%) predominance remained throughout all the study. This fact
is consistent with the idea that ESBL-E. coli prevalence is not asso-
ciated with a hospital transmission and that the reservoir of these
microorganisms is more probably community associated. A recent
work has confirmed that during the R-GNOSIS study, prevalence
at admission of ESBL-E fecal carriers in our hospital was 7.7%, sup-
porting the hypothesis of a community reservoir.2’ Nevertheless,
further research should be performed to investigate if the ESBL-
K. pneumoniae population (17%) could have been acquired in our
institution and could have been affected by the CI implementa-
tion, remained undetectable under a high prevalence of community
ESBL-E. coli. In this respect, some studies have demonstrated a
reduced transmission rate for ESBL-K. pneumoniae in the hospital
setting after the proper implementation of control and prevention
measures, 421

On the other hand, in our Hospital, CPE incidence during the
R-GNOSIS study was 2% and significant differences were found
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coinciding with the implementation or the withdrawal of the CI
measures for ESBL-E carriers. It should be noted that during the
last part of the study and coinciding with the withdrawal of the
CI strategy, we detected an outbreak by NDM-1-K. pneumoniae
producers in the Neurosurgery ward?2 along with an increase of
patients colonized with the OXA-48-ST11-K. pneumoniae high-risk
clone.!” Although the R-GNOSIS project was not designed to eval-
uate the CPE transmission, our results indicate that the isolation of
ESBL-E fecal carriers could have had a protective indirect effect on
the acquisition of CPE. Several studies have demonstrated that pre-
vention and infection control measures, particularly hand hygiene
and CI, are a key factor preventing and containing outbreaks in both
hospital and health care centers.>>~27 In contrast to ESBL-E, effi-
ciency of CI measures among CPE populations could be related to
the nosocomial acquisition of these pathogens. It should be noted
that according to our previous study, 56% of CPE cases were con-
sidered to be acquired during the R-GNOSIS studied period, while
27% were related to a previous admission in our hospital or in other
health care centers.!” Moreover, although carbapenemase produc-
tion was detected in a wide variety of Enterobacterales species,
coinciding with other studies performed in Spain, the most fre-
quent CPE was K. pneumoniae (54%).8-1° Additionally, an increased
prevalence of E. coli (19%) was found in the last part of the study.
These results may reflect the efficient penetration of carbapene-
mases among different members of the Enterobacterales order, as
happened previously with the CTX-M enzymes.?8-3? It should be
noted that cross-species transmission of different carbapenemases,
mainly OXA-48, from K. pneumoniae to E. coli was described in our
Hospital during the R-GNOSIS Project.?!

During the R-GNOSIS study, the main limiting factor in study-
ing the effectiveness of the CI measures targeted to reduce the
hospital transmission of ESBL-E, could be the high prevalence of
community-acquired E. coli isolates. However, although further
studies are required to support these findings, our work suggests
that preventive isolation of colonized or infected patients with
ESBL-E may also have an indirect containment effect on the noso-
comial acquisition of CPE. A combination of control precautions for
all patients colonized or infected with multidrug-resistant microor-
ganisms, along with an optimal antimicrobial agent administration
is needed to contain the dissemination of CPE from hospitals to the
community.
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