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Abstract

Asymptomatic carriage of extended-spectrum beta-lactamase (ESBL) producers is a
risk factor for infection, therefore colonization dynamics are important data to plan
infection control. The study investigates faecal colonization with ESBL-producers
among inpatients, outpatients and screened medical students and compares the

characteristics of ESBL-producers among these groups.

Carriage rates were investigated in 5581 faecal samples; 4343 from inpatients (330,
1397, 619 and 1864 from adult ICUs (intensive care unit), adult non-1CUs,
pediatric ICUs and pediatric non-1CUs, respectively), 814 from outpatients and 424
from screening of medical students. ESBL producers were characterized by co-
resistance, integrons carried, aminoglycoside resistance genes and ESBL genes.
Dynamic regression models were used to identify relationships between
combinations of time series of monthly antibiotic consumption, prevalence of

carriers and infected patients.

Inpatients, ICU patients and adults showed higher prevalence than outpatients, non-
ICU patients or children (7.4%, 9.3% and 12.0% vs 3.1%, 6.1% and 4.1%,
respectively). Klebsiella pneumoniae was more frequent in ICUs; dominance of
CTX-M-15 producers was more marked in adult than in pediatric inpatients. ESBL
carriage was shown to be consequence of infection in adults in the time-series

analysis; antibiotic consumption had little effect.



Epidemiology of colonization with ESBL-producers was different between
pediatric ICU, adult ICU and adult non-ICU patients. In adults, carriage of ESBL-
producers seems to be the consequence of infection, especially in ICUs; the main
source of colonization is nosocomial acquisition. In contrast, children are less likely
to acquire the colonizer strains in the hospital; importation of ESBL-producers by

colonized children seems to be significant.
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Introduction

Spread of Enterobacteriaceae producing extended spectrum beta-lactamases
(ESBLS) is a serious problem, blactx-m enzymes being most prevalent worldwide.
Prevalence of ESBL-producers depends on patient groups and geographic setting;
highest rates were reported in India (>80%) and China (>60%), while in Europe and
North America rates are 5 to 10% (1). ESBL-producers are often co-resistant to
multiple antibiotics such as aminoglycosides, fluoroquinolones and co-trimoxazole.
This multidrug resistance was shown to be linked with integrons (2, 3).

ESBL producers may be carried asymptomatically in the faecal flora of humans and
animals (4-7); carriage is related to hospitalization and antibiotic consumption (8.
9). The significance of carriers was highlighted both in hospital and in community
settings (10). Carriers may serve as a source of endogenous infections or outbreaks
and act as resistance gene reservoirs (11, 12). A recent study of our group showed
marked differences between dynamics of asymptomatic ESBL carriage in healthy
individuals and in people with a hospitalisation history applying for long-term care
(13). This inspired the present study investigating the prevalence of faecal
colonization with ESBL producers among inpatients of pediatric and adult wards or
intensive care units (ICUs), as well as among outpatients and screened medical

students and comparing the characteristics of ESBL producers in these populations.



Materials and Methods

Samples and isolates

A total of 5581 non-duplicate faecal specimens sent for routine detection of enteric
pathogens between October 2010 and February 2013 were used. These originated
from 4343 inpatients (adult ICU, n=330; adult non-ICU, n=1397; pediatric ICU,
n=619); pediatric non-ICU, n=1864; rehabilitation, n=133), 814 outpatients and 424
screened medical students (223 foreign and 201 Hungarian students). All samples
originated from wards or outpatient clinics of the University of Debrecen (all in a
single campus), and the medical students screened were also involved in clinical
practices during their training at the same campus. Outbreaks by ESBL producers

were not reported during the study.

As the samples wused were portions of samples sent for routine
diagnostics/screening; the patients themselves or their personal (except sex and age)
and clinical data were unavailable for the study. Consequently, informed consent
could not be obtained and ethical approval was not necessary (patients remained

unidentified and no clinical data of patients has been handled).

A portion of the faecal samples were inoculated directly onto eosin methylene blue
agar plates supplemented with 2 mg/l cefotaxime on the day of arrival.
Antimicrobial susceptibility was determined by the EUCAST disk diffusion method
against ertapenem, meropenem, imipenem, cefotaxime, ceftazidime, cefepime,
ciprofloxacin, co-trimoxazole, doxycycline, colistin, amikacin, gentamicin,

tobramycin and tigecyclin. All isolates showing decreased susceptibility to at least



one tested cephalosporin were tested for ESBL production by double disk synergy
test (Oxoid, Basingstoke, UK). Identification was performed using standard

biochemical tests and MALDI Biotyper (Bruker, Bremen, Germany).

Characterization of ESBL producers

Species identifications Klebsiella pneumoniae and Escherichia coli were confirmed
by species-specific PCRs; ESBL genes blarem, blasny, and blacrx-m were identified
by sequencing. Aminoglycoside resistance genes aac(3’)-lla, aac(6’)-1b, aph(3’)-
la, ant(2”)-la, ant(3”)-la, armA, rmtA and rmtB, integrase genes intll and intl2
were detected by PCR, variable regions of integrons were analyzed by sequencing.
E. coli phylogrouping and detection of the pandemic O25b-ST131 clone were also
performed. These methods have been described in detail in an earlier work (13).
Enterovirulence of E. coli isolates was assessed by detecting the characteristic

virulence genes (14).

Prevalence of ESBL-infected patients and antibiotic consumption

Monthly numbers of ESBL-infected patients were collected from data of the
Bacteriology Laboratory and expressed as number of ESBL-infected patients per
positive samples, incidence density of ESBL producers per 100 bed-days and
proportion of ESBL producers among Klebsiella spp. and E. coli. Prevalence data
were also collected on K. pneumoniae and E. coli as well as on adult and pediatric
patients separately. Monthly antibiotic consumption was calculated as defined daily

doses/100 bed-days for the major antibiotic groups (15).



Statistical analysis

Prevalences, distributions of ESBL genes, E. coli isolates among the four
phylogenetic groups, virulence genes, aminoglycoside modifying enzyme genes,
and co-resistance patterns were analyzed by chi square or Fisher’s exact test with
Bonferroni corrections, as appropriate; association of genes with different
characteristics was analyzed using Pearson correlation using PaSt 3.0. (16).

To analyze the relationships between combinations of time series of monthly
antibiotic consumption, time series of prevalence of ESBL carriers and time series
of prevalence of ESBL-infected patients, dynamic regression models were built
using the Pankratz methodology (17). First, pairwise dynamic regressions were
performed i) using variables characterizing ESBL-infected patients as explanatory
and ESBL carriage rates as dependent variables, ii) these two sets of variables
tested in reverse order, iii) using consumption of different antibiotics as explanatory
variables against ESBL carriage rates or iv) against variables characterizing ESBL -
infected patients. Then composite models with multiple explanatory variables
predicting the dependent variable were constructed using V) rates of infection with
ESBL-producing E. coli and K. pneumoniae as separate explanatory variables and
vi) rates of infection in pediatric and adult patients as separate explanatory
variables. Causal relationship between two time-series was assessed using Granger
causality tests. Time-series analysis was performed in the software environment

Eviews 3.1.



Results

Prevalence of carriage of ESBL-producers

Overall prevalence of faecal carriage of ESBL producers among inpatients was
7.4% (323/4343), monthly ranges were between 0.0% (0/126) and 28.1% (25/89).
Prevalence of carriage was 3.1% (25/814) and 2.6% (11/424) among outpatients
and screened medical students, respectively. When analyzing inpatient subgroups
further, adults showed significantly higher carriage rates of ESBL producers
(12.0%, 222/1853) than pediatric patients (4.1%, 101/2490; p<0.001). When
grouping patients by ward type (Figure 1), the highest prevalence was found in
rehabilitation (27.1%, 36/133), followed by ICU patients (9.3%, 88/949); lowest
prevalences were recorded in non-ICU patients (6.1%, 199/3261); these differences
were statistically significant in any pairwise comparison (p<=0.001). The
prevalences were comparable in screening and outpatient study groups (1.0%-
4.0%) as well as in pediatric non-ICU (3.0%, 56/1864), slightly higher in pediatric
ICU (6.8%, 42/619) and significantly higher in adult ICU and non-1CU (13.9%,

46/330 and 10.2%, 143/1397; respectively).

Among the 369 ESBL-producing isolates from the 359 patients, 185 K.
pneumoniae, 179 E. coli, two Proteus mirabilis, two Citrobacter brakii and one K.
oxytoca isolates were identified; ten inpatients harboured K. pneumoniae and E.
coli simultaneously. In inpatients, proportion of E. coli and K. pneumoniae was
similar, while among outpatients and medical students E. coli was more frequent

(p=0.03). K. pneumoniae was more prevalent among adult ICU and rehabilitation



patients than among adult non-ICU patients or among pediatric non-ICU patients
(p<0.001). In contrast, E. coli prevalence was comparable among all groups,

excepting between adult and pediatric non-1CUs (Figure 2).

Characterization of ESBL producer isolates carried

Distribution of ESBL genes in different groups and species are shown in figure 3.
The most common gene was blacrx-m-15 In both species in all groups; in E. coli
blactx-m-1 Or, in adult ICU and rehabilitation, blasyy.12 being the second, while in
K. pneumoniae blactx-m-15 was followed by blasyy-12 in all inpatient groups. One K.
pneumoniae isolate harboured blactx-m-15 and blasyy.12 at the same time. Adult
inpatients carried blacrx-m-15 more frequently than children, regardless of ward type
(p<0.001). Diversity of ESBL genes in E. coli was higher in children than in adults

(Figure 3).

Resistance rates to ciprofloxacin and aminoglycosides were significantly higher
among adults both in ICUs and non-ICUs than among children, outpatients and
screening group (p<0.001; Figure 2) . In parallel, aac(3’)-1la and aac(6’)-1b were
more frequent in adults (p<0.001), while in children aph(3’)-la was found more
frequently (p<0.001). Resistance to ciprofloxacin and aminoglycoside antibiotics
was correlated with the presence of blactx-m-15 gene (r=0.42-0.54; p<0.001).

K. pneumoniae showed significantly higher resistance to all antibiotics tested than
E. coli (p<0.001), ertapenem resistance and rmtA was detected only in K.
pneumoniae from inpatients. The genes aac(3’)-Ila, aac(6’)-1b and ant(3”)-la were

also significantly more frequent in K. pneumoniae. In case of E. coli isolates,
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resistance rates to ciprofloxacin and aminoglycosides were significantly higher in
extraintestinal pathogenic than in commensal strains (p<0.004).

Class 1 and 2 integrons were found in 74.5% (275/369) and 4.1% (15/369) of
isolates, respectively. Class 1 integrons carriage was significantly higher in K.
pneumoniae than in E. coli (81.1%, 150/185 vs. 68.7%, 123/179; p=0.006); and in
isolates from adults both in ICU and non-ICU (p<0.001) than in isolates from
children. Integron carriage was comparable between inpatients and outpatients. A
single class 2 integron (sat2-ant(3”)-1a) as well as nine different class 1 integrons
(Figure 4) were identified.

Distribution of E. coli isolates among the four phylogroups is shown in Table 1.
Among inpatients, pathogenic phylogroups were more common in adults
(p<0.001), while phylogroup B1 and A were more frequently found in children
(p<0.001). Clone ST131 was detected in 24.0% (43/179) of the phylogroup B2
isolates harbouring blactx-m-15. Out of the genes characteristic to enterovirulent

pathogroups, only an eae gene was found in a single phylogroup B1 isolate.

Prevalence of ESBL-infected patients

The rate of ESBL-infected patients per positive samples was 3.2% (monthly rates
between 2.1-4.8%). In case of ESBL producing E. coli this rate was 1.0% (0.4-2.1%
monthly), while ESBL producing Klebsiella was found in 2.2% (1.1-3.1% monthly)
of positive samples. The proportion of ESBL producers among E. coli and
Klebsiella isolates was 10.2% (3.8-16.5% monthly) and 37.6% (19.6-50.0%
monthly), respectively. In adult and in pediatric patients the infection rates were

3.6% (monthly range 2.0-6.0%) and 1.9% (monthly range 0.0-5.2%), respectively.
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In adults, the proportion of ESBL producers among E. coli was 11.9% (4.5-20.7%
monthly), while among Klebsiella isolates was 42.5% (20.9-59.3%). In children
4.3% (0.0-12.5%) of E. coli and 20.7% (0.0-58.3%) of Klebsiella isolates produced

ESBLs.

Temporal patterns of carriage dynamics

Trend analysis of monthly prevalences revealed two stages within the study period.
Between October 2010 and October 2011 carriage rates showed increasing
tendency, while during the second part it oscillated around a level; this applies both
to E. coli and K. pneumoniae. Prevalence in adults showed an increasing trend in
both stages, but in pediatric patients the initial rise was followed by a decreasing
tendency. Both in ICUs and non-ICUs an increasing trend was observed initially,
followed by a decrease in the ICUs, while by oscillation around a level in non-
ICUs. The proportion of CTX-M producers among K. pneumoniae steadily
increased throughout the study, but among E. coli the initial decrease was followed

by an increasing trend both in colonized and infected individuals.

Time-series models and Granger causality tests suggested that infected patients are
more likely to be sources for carriage than carriers for infections; carriage of K.
pneumoniae Granger-caused infection only in adults, while carriage of E. coli only
in children (Table 2). For K. pneumoniae, the effect of infections manifested with
longer lags than for E. coli; in composite models only the effect of adult and K.

pneumoniae infections was significant on ESBL carriage. K. pneumoniae infections
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predicted carriage in adults as well as in children, the effect of E. coli infections

was only significant in adult carriage (Table 3).
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Discussion

Asymptomatic carriage of ESBL producers is considered a risk factor for infection
caused by such bacteria (18, 19), therefore the patterns and dynamics of
colonization are important input data for control of infections by ESBL producers.
In an earlier study, we hypothesized that sources of colonization with ESBL
producers may differ for healthy adults and for individuals applying for long-term
care probably with an extensive hospitalisation history (13). It is conceivable that
colonization of hospitalized patients originates from the hospital microbiota (20-
22), but we postulated that ESBL producers of healthy individuals originate partly

from diverse environmental sources (4, 13).

The present study started roughly a year later and conducted in the same
geographical area seems to support the latter hypothesis, as carriage prevalences of
outpatients and of healthy medical students were comparable. The generally higher
prevalence of asymptomatic carriage in Asia and Africa (7-9, 23) is also reflected in
the somewhat higher prevalence in non-Hungarian medical students, who mainly

originate from the Near East and Africa.

Overall rate of faecal carriage of ESBL-producing isolates among inpatients was
7.4%, which is comparable to other European data (7, 10). Colonization with
multiple strains was rare. As expected, inpatients showed higher prevalence than
outpatients, however, notable differences were found among different inpatient
groups. Highest prevalence was found in the rehabilitation wards, paralelling the
many reports on long-term care patients (23-25). ICU patients were carriers more

frequently than non-ICU patients, and adults showed significantly higher



14

prevalence than children, even pediatric ICU showed lower prevalence than adult
non-ICU wards. The higher prevalence in ICU patients obviously reflects the well-

documented high infection prevalence among these patients (26, 27).

The reasons for the lower prevalence among children remains unknown; potential
explanations include age-specific lower susceptibility to colonization, their
generally lower frequency of hospitalization episodes or pediatrics-specific
intervention patterns, which may lead to altered risk of acquisition. It is remarkable,
that the difference between pediatric outpatients (probably reflecting the
inflow/outflow rate from the community to hospital or vice versa) and pediatric
non-ICU was negligible. In contrast, though community carriage in adults was
comparable to community carriage among children, but the hospital carriage rate
was much higher. In adult inpatients, colonization seem to occur relatively fast, in a
Belgian study a median of seven days after hospitalization was reported (22). These
findings point to major differences between pediatric and adult patients regarding
the dynamics of ESBL transmission in the hospital, and may be interpreted that
children may acquire ESBLSs in the hospital with lower probabilty than adults or are
less susceptible to transient hospital-associated colonization. In adults the major
source for colonization as well as infection is the hospital (22), but the dominance
of E. coli and the diversity of ESBL genes among pediatric carriers suggests the
importance of community-based sources. This assumption is further supported by
the significantly lower proportion of pathogenic phylogroups among E. coli isolates
of pediatric non-ICUs as compared to those of adult non-ICUs, which parallels a

similar difference between healthy adults and applicants for long-term care (13).
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Another strong argument is provided by time-series analysis, clearly demonstrating
infections as sources of colonization (rather than vice versa) in case of adults, but

not in children.

As among the study subjects only a few carriers had multiple samples and active
retesting of carriers was not pursued, the duration of colonization could not be
assessed. The difference between carriage rates of adult inpatients and people
applying for long-term care in the area serviced by the hospital (13) suggests that a
proportion of colonizations may be transient. However, it was demonstrated that
people may remain colonized, even in absence of infection, for a long time (28, 29),
providing a means for exportation from the ICUs to normal wards, and even further
to the community. The ability of spreading among community or family members
even in absence of infections has been demonstrated earlier (7, 20, 30, 31). This
applies not only for communities with ample access to healthcare which may serve
as a continuous source for inflow of ESBL producers, but also in a closed

community with little contact with other people or healthcare systems (7).

During the history of ESBL producing bacteria, several major shifts has been
observed in species and gene distributions. Initial dominance of blasyy and blatem
producing K. pneumoniae was overthrown first by pandemic clones of K.
pneumoniae producing CTX-M ESBLs then CTX-M-15 producing E. coli emerged
as a major concern, efficiently exporting the problem from the hospital to the
community. This is in parallel with shifts in gene epidemiology; initial resistance

plasmids carrying blasyy or blarem genes spreading among different strains have
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been replaced by stable harbouring of plasmids with lower transfer capacity which

carry blacrx genes.

Reflecting this, CTX-M-15 producer isolates were predominant in all patient
groups, however, this dominance was less marked in case of pediatric patients,
regardless of ward type. An overall increase in the importance of the blacrx-m-15
gene was observed during the study period both in K. pneumoniae and E. coli. The
worldwide observation of the increase in the importance of E. coli (6, 32, 33), is
also reflected in these data. The prevalence of K. pneumoniae dropped significantly
in pediatric ICUs during the study period and this species remained dominant only

in adult ICUs and in the rehabilitation wards.

Colonization with K. pneumoniae is clearly a nosocomial acquisition; ESBL-
producing K. pneumoniae is usually highly clonal and show extensive co-resistance
(34, 35). In this study, colonization rates with ESBL-producing K. pneumoniae
were statistically preceded by infection rates in the time-series analysis; infection
rates explained colonization rates better and the effects were shown over longer
time lags than in case of E. coli. ESBL-producing E. coli is abundant in the
community worldwide (36, 37) as well as in the geographical area of the study (13).
Consequently, these findings can be interpreted that the typically nosocomial K.
pneumoniae is decreasing, and E. coli, which now also may originate from the
community besides nosocomial sources, slowly outcompetes Klebsiella. This is
supported by the higher diversity of ESBL genes in E. coli, again pointing to
multiple sources for these bacteria, similarly to ESBL colonization found in an

isolated rural community with little access to healthcare (7). A similar shift in
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species and increasing in the dominance of CTX-M-15 in colonized long-term care
applicants was observed in the same geographical area (Ebrahimi et al, 2016,

Infectious Diseases, Accepted for publication).

Patterns of integron carriage was different between species as well as between
patient groups. K. pneumoniae carried integrons more frequently than E. coli, as
well as isolates colonizing adults compared to those from children. This is in line
with the more extensive co-resistance of K. pneumoniae; carbapenem resistance
and aminoglycoside resistance by rRNA methylation appeared only in K.
pneumoniae, and the aminoglycoside modifying enzyme genes of major clinical
importance aac(3)-11a and aac(6°)-1b was more frequent in K. pneumoniae as well.
Differences in co-resistance was more marked between the two species in case of
pediatric patients. These data, though indirectly, also points to differences in

epidemiology of carriage in case of the two species.

Though it was shown that infection prevalence with ESBL producers is enhanced
by consumption of 3rd generation cefalosporins and fluoroquinolones (36, 38, 39),
the effect of antibiotic consumption was very limited on either colonization or
infection with ESBL producers in this study. However, it should be kept in mind
that the study was started in a period characterized by intensive carbapenem
consumption (40) and when prevalence of infections due to ESBL-producers was
decreasing. We believe that carriage rates reported hereby represent a burden
largely independent of the present-day antibiotic usage. This carriage burden arises

from the summation of influx-derived slow increase in case of E. coli, especially in
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case of pediatric patients, and a slow decrease of hospital-acquired carriage events

in case of K. pneumoniae.

In summary, epidemiology of colonization with ESBL-producers was different
between pediatric, adult ICU and adult non-1CU patients. In adults, the carriage of
ESBL producers seems to be the consequence of infection, especially in ICUs and
rehabilitation wards; the major source for colonization is nosocomial acquisition. In
contrast, children are less likely to acquire the colonizer strains in the hospital than
adults; importation of ESBL producers by colonized children seems to be

significant.
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Figure legends

Figure 1. Prevalence of ESBL producing isolates among different groups. ICU:

intensive care unit.

Figure 2. Proportions of ESBL-producing E. coli and K. pneumoniae in the
different study groups and number of isolates resistant to different antibiotics. 1CU:
intensive care unit, erta R: ertapenem resistant, cip R: ciprofloxacin resistant, sxt R:
co-trimoxazole resistant, tig R: tigecycline resistant, amik R: amikacin resistant,

gen R: gentamicin resistant.

Figure 3. Distribution of ESBL genes in different groups in E. coli and K.

pneumoniae. ICU: intensive care unit.

Figure 4. Gene cassette arrays of class I integrons in E. coli and K. pneumoniae

isolated from different study groups. ICU: intensive care unit



List of abbreviations
ESBL,; extended spectrum beta-lactamase

ICU; intensive care unit

30



