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HISTORICAL PERSPECTIVE

A global rise of increasing antibiotic resistance, albeit with wide variations between
countries and regions, is well documented in the literature (1). Antibiotic resistance
is costly in both human and financial terms. Infection with a resistant bacterium
increases the cost of health care, length of hospital stay, and mortality compared to
infections with bacteria that are susceptible to common antibiotics (2-4).

Since the 1990s, concern about resistance has spread from medical specialists to
health-care officials, politicians, and the public, with numerous agency and govern-
mental reports (5). In 1997, a joint committee of the Society for Healthcare Epide-
miology of America (SHEA) and the Infectious Diseases Society of America (IDSA)
published the “Guidelines for the prevention of antibiotic resistance in hospitals (6).
In the same year, the resistance problem was subject of a meeting of EU medical
officers in Luxemburg and subsequently a EU conference on “The Microbial Threat”
was organized in 1998 in Copenhagen. The results of this meeting were published
in a report entitled “The Copenhagen Recommendations” (7). Accordingly, in 1999
the EU Health Council adopted a resolution concerning future Community action in
terms of public health and antibiotic resistance (8). Also the World Health Organiza-
tion (WHO) and the Centers for Disease Control and Prevention (CDC) recognized
at that time the importance of launching strategies for the control of the resistance
problem (9, 10).

Although the resistance problem in the Netherlands is relatively limited, antibiotic
resistance is on the increase (11-13). The professional community responded in 1996
by starting the Dutch Working Party on Antibiotic Policy (Dutch acronym is SWAB),
an initiative of the Dutch societies of Medical Microbiology, Infectious Diseases and
of Hospital Pharmacists. The Advisory Council for Health Research (RGO) received a
request for advice from the minister of Health, Welfare and Sport in 1999 concerning
strategies to contain the antibiotic resistance problem. In 2000, the Council published
their advice (14). This advice, and the decision made by the Minister of Health have
been of great importance to the SWAB. Since 2001, the SWAB has been designated to
co-ordinate the surveillance of antibiotic use and resistance in the Netherlands (15).

All the above mentioned reports vary in emphasis, but can be summarized as ad-
vocating development and implementation of systems for: 1) monitoring of antibiotic
resistance; 2) monitoring of antibiotic use; 3) promoting good antibiotic practice; and
4) an effective infection control program to minimize the spread of resistance. In ad-
dition, it is recommended that the relationship between antibiotic use and resistance
should be monitored and that research on different areas should be performed.
Although, in aggregate the use of antibiotics is greatest in the community, much

of the above mentioned activities are concentrated in hospitals where the density
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of antibiotic use is much higher than in the community. Consequently, antibiotic
resistance problems are greatest in hospitals. Cross colonization of resistant strains
between hospitalized patients further aggravates the problem. The theme of this
thesis is, therefore, antibiotic use and resistance in hospitals. This thesis focuses on
monitoring of quantitative antibiotic use and on the epidemiology of resistant bacte-

ria in the intestinal and oropharyngeal microflora of hospitalized patients.

SURVEILLANCE OF QUANTITATIVE ANTIBIOTIC USE IN HOSPITALS

Reliable data on the use of antibiotics in hospitals are essential for the interpretation
of prescribing habits, the evaluation of compliance with clinical guidelines, and the
linkage with antibiotic resistance data. Increasingly, antibiotic use is measured and
compared between institutions, regions and countries (13, 16-18). It is therefore
important that these data are collected, analyzed and presented in a standardized
manner. Various methods are available to quantify antibiotic use. Table 1 summarizes
different aspects that have to be defined before starting the collection of antibiotic

use data. These factors will be discussed in more detail (19, 20).

Table 1. Key factors in designing a surveillance system for antibiotic use in hospitals

Chapter 1

Select (classes of) antibiotics to include in the surveillance

-
H

Identify sources of valid and available data

Determine appropriate units of measurement (numerator and denominator)
Determine the frequency of data collection and reporting

Determine the detail and level of aggregation needed

Sources of data. Pharmacy purchase records are often used to estimate antibiotic
consumption. Purchase records may be obtained from invoices and delivery docu-
ments. With purchase data it is possible to capture the total amount of antibiotics
used in a specific institution. However, purchase data may overestimate the total
use since they include antibiotics that are not be dispensed or administered to the
patient. This might be the result of wastage during preparation or destruction of
antibiotics that have exceeded their expiration date. Moreover, antibiotics issued
from the hospital pharmacy to nursing homes and other institutions affiliated with
hospitals should be excluded.

In some hospitals, antibiotic dispensing data are available. However, these data
may overestimate antibiotic use since antibiotics that are dispensed to the patient
may not be administered. Corrections have to be made for antibiotics that are send

back from the hospital wards.
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General introduction | 15

The most valid source data are to be found in patient administration records. This
latter source is increasingly used now that electronic medical record systems are
being introduced in health care.

Units of measurement. Various units of measurement have been used to express
antibiotic consumption. These units of measurement are made up of a numera-
tor and a denominator. As numerator, the number of grams, defined daily doses,
packages, prescriptions, days on treatment or patients exposed can be used. The
World Health Organization recommends to use the defined daily dose (DDD) for
drug utilization studies (21). The DDD (expressed in grams) is the assumed average
maintenance dose per day for a drug used for its main indication in a 70 kg adult.
DDD may change over time. In 2005 for example, the DDD of parenteral admin-
istered amoxicillin with clavulanic acid has been changed from 1 to 3 grams. It is
therefore important to always specify which ATC/DDD version has been used in
the methodology section of studies. Antibiotic use data are also often presented in
terms of financial expenditures (22, 23). Since hospitals negotiate different purchase
prices, costs of antibiotics are poor yardsticks to compare antibiotic usage between
hospitals and, even more so, between countries. However, data on costs of the indi-
vidual antibiotics may be informative when comparing prescribing habits in different
settings. Low prices may explain high usage, whereas high prices may reduce the
use of specific drugs.

The WHO recommends the number of bed days for normalizing antibiotic use in
hospitals. The number of bed days may be calculated by multiplying the number of
admissions with the average length of stay or the number of beds multiplied by the
average occupancy rate. The number of patient days may be obtained by subtract-
ing the number of admissions from the number of bed days as the number of bed
days over estimates actual treatment-days by including both the day of admission
and the day of discharge. Other denominators that may be used to calculate rates
of antibiotic use are the number of admissions or discharges and the number of
(occupied) beds.

Frequency of data collection. According to the aim of the data collection, the
frequency of data collection should be determined. In most national surveillance
studies data are reported on a yearly basis (13, 16, 17). If one would like to study
seasonal effects or to link the use data to resistance data, more informative time-
frames are needed and data collected and analyzed on a monthly or quarterly basis
are usually preferable (24).

Level of aggregation. While collecting data on antibiotic use, the antibiotics in-
cluded in the data analyses should be defined clearly. The Anatomical Therapeutical
Classification System (ATC) is the most commonly used classification system and is

recommended by WHO (21). In the ATC system, antibiotics are divided into 14 main
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categories according to the organ or system on which they act, and then according
to their therapeutic, pharmacological, and chemical properties. It is a 5-level hierar-
chical code assigned to each chemical substance. Table 2 shows an example of this
system. ATC-codes may also change over time. It is therefore important to specify the
ATC/DDD version that was used in the methodology section of studies. Most studies
on antibiotic use do refer the JO1 group of the ATC-group. This group comprises
all antibacterial agents for systemic use in humans, and represents the majority of
antibiotics used in hospitals. Before starting to collect antibiotic use data, the aim of
collecting antibiotic use data should be considered. If the aim is to monitor antibiotic
use in the local hospital and to provide feedback to prescribers and to link the data
with local resistance data, it seems best to analyze antibiotic use by discipline or
unit. If one measures antibiotic use in order to compare or benchmark use with
other hospitals at the regional or national level, data collection may be restricted to
surveillance of use at the hospital level, or to distinguish between general wards and

intensive care units.

Table 2. Example of ATC classification of ceftazidime®

J General anti-infective agents for systemic use
b Jo1 Antibacterial agents for systemic use
% Jo1D Other beta-lactam antibacterials
S J01DD Third-generation cephalosporins
16 J01DD02 Ceftazidime

2 from the 2005 edition of the ATC/DDD system

In the past years, particular emphasis has been put on the above mentioned technical
and logistic aspects regarding the collection of data on antibiotic use. According to
the United States Centers for Disease Control and Prevention (CDC), epidemiological
surveillance is defined as “the ongoing and systematic collection, analysis, and inter-
pretation of health data in the process of describing and monitoring a health event.
This information is used for planning, implementing, and evaluating public health
interventions and programs (25). This definition implies that a surveillance program
that is not used as an evaluation tool is useless and that surveillance programs
should have an impact on the control and prevention of diseases under surveillance.
Therefore, much more attention should be paid to the interpretation of antibiotic use

data in order to give relevant feedback to physicians and policy makers.
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EPIDEMIOLOGY OF COLONIZATION WITH ANTIBIOTIC RESISTANT BACTERIA
IN PATIENTS DURING AND AFTER HOSPITALIZATION

Colonization versus infection

An important distinction in the epidemiology of antibiotic resistant bacteria should
be made between infection and colonization. Colonization is the prolonged pres-
ence of a microorganism in or on a host, with growth and multiplication, but without
any overt nor subclinical expression or deleterious effects on the host at the time the
microorganism is isolated (26). Colonization is a normal process, an ecological event
that occurs during and after birth until the normal flora is established. Thereafter, this
commensal flora evolves dynamically, and changes over the lifetime of the host.

Infection, on the other hand, is characterized by damage to host tissues or systems
that may or may not result in serious clinical illness, e.g. when antibiotic resistant
bacteria contaminate wounds, the bloodstream or other sterile tissues and produce a
systemic inflammatory response (26). The occurrence of hospital-acquired infections
most often involves a three-step process: first, colonization of a patient’s mucosa or
skin with a potential pathogen; secondly, access of the pathogen to a site where it
may invade tissues, often in association with a foreign body such as an intravascular
catheter or an endotracheal tube; and third, an imbalance among the pathogen’s
virulence factors and the host’s defense factors, which eventually results in the infec-
tion (27).

Factors that facilitate intestinal overgrowth and transmission of resistant bacteria

The prevalence of colonization with resistant bacteria within hospital settings is de-
termined by admission and discharge rates of colonized and noncolonized patients,
and on the likelihood that noncolonized patients acquire colonization with resistant
strains (28). Among patients in health care settings, a variety of factors may facilitate
intestinal colonization, overgrowth and subsequent transmission of resistant patho-
gens (Figure 1) (29).

The hands of health care workers are considered to be the major vectors of transmis-
sion of pathogens from patient to patient (29). Dissemination of pathogens from the
patient’s intestinal tract to environmental surfaces and patient’s skin creates what
has aptly been termed a “fecal veneer” in health care settings. Healthcare workers’
and patients hands frequently become contaminated after contact with this veneer
(30, 31). Fecal incontinence and diarrhea, as well as factors that reduce standards of

hygiene contribute to the likelihood of fecal contamination (29).
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Figure 1. Factors that facilitate intestinal overgrowth and transmission of nosocomial pathogens. The left
halves of the circles illustrate the presence of normal acidity in the stomach and intact indigenous microflora
in the colon; the right halves illustrate the effects of increased stomach pH and antibiotic selective pressure in
the colon (adapted from (29)).

Increased severity of disease and prolonged hospitalization are risk factors for ac-
quisition of resistant pathogens since these factors result in increased opportunities
for interaction with health care workers and contaminated surfaces or devices (29).
Previous studies have shown that gram-negative bacteria are infrequently found in

oropharyngeal cultures from normal subjects and that the prevalence of these bacteria
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is strikingly increased among ill patients (32-34). Furthermore, the number of patients
already colonized with resistant bacteria (= colonization pressure) in the hospital may

be an important factor in determining chances of cross-colonization (35).

A low pH of the stomach reduces the number of ingested bacteria that enter the
intestinal tract. Drugs that inhibit secretion of acid have been associated with an
increased risk of colonization (36, 37). The association found between nasogastric
tubes and/or enteral feeding may be explained by the fact that these interventions
bypass or buffer the gastric acid barrier. Nasogastric tubes may also facilitate colo-
nization of the oropharynx by bacteria that have the ability to adhere to plastic
surfaces and form biofilms (38).

Gastric colonization has been assumed to be important in the pathogenesis of
colonization and infection of the respiratory tract (39, 40). In critically ill patients,
intragastric acidity may be reduced because of underlying illness, advanced age, or
the administration of stress-ulcer prophylactic agents or enteral feeding. However,
the importance of this gastropulmonary route of colonization has been questioned

(41-43).

Colonization with resistant bacteria may remain undetectable within a largely sus-
ceptible microflora until, because of the selective growth advantage provided by an-
tibiotics, bacterial outgrowth of the resistant pathogen occurs such that the detection
limit of the culture method is exceeded. Poorly absorbed antibiotics can reach the
colon in active form where they suppress susceptible bacteria and select pre-existing
resistant bacteria. Also parenteral administered antibiotics that are secreted in the
bile or from the intestinal mucosa may affect the normal intestinal microflora (44,
45). To what extent disturbances occur depends on the spectrum of the agent, the
dose, the route of administration, pharmacokinetic and pharmacodynamic proper-
ties, and in-vivo inactivation of the antibiotic (45).

In addition to the selection of pre-existing resistant bacteria, resistance may also
develop de novo in the intestinal tract. Susceptible bacteria may become resistant
due to genetic mutations or through the induction or acquisition of resistance genes
from other bacteria (46-48).

Reasons for assessing colonization with resistant bacteria

There are several reasons for assessing bacterial colonization with resistant strains
(49). Bacterial colonization is an important step in the pathogenesis of infections.

Many of the bacteria that comprise the gastro-intestinal microflora may cause infec-
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tions (27, 50, 51). Oropharyngeal colonization with gram-negative bacteria plays
a critical part in the pathogenesis of ventilator-associated pneumonia caused by
gram-negative bacteria (41, 42, 52). The most frequent hospital infections caused
by Enterobacteriaceae and enterococcus species are urinary tract infections, blood-
stream infections, intra-abdominal infections, skin- and soft tissue infections and
endocarditis (53, 54). Knowledge of the prevalence and degree of resistance in the
fecal and oropharyngeal microflora on admission and during hospitalization may
therefore contribute to an optimal choice of empirical therapy in the event of noso-
comial infections (55). Bacterial colonization is of further interest since fecal bacteria
might act as a reservoir for resistance determinants, plasmids, transposons and other
moving genes (46-48). Infection rates often represent only the tip of an iceberg,
whereas the true bacterial load is represented by colonization rates. The epidemiol-
ogy of bacterial colonization is of interest as well, since the digestive tract is often the
source from where resistant bacteria can spread and cause hospital epidemics.
Moreover, the dissemination of antibiotic resistant bacteria and resistance genes
between hosts is not confined to a specific reservoir (Figure 2). After discharge from
the hospital, patients may remain colonized with resistant bacteria acquired in the

hospital and resistance may disseminate into the community, nursing homes or other

- institutes. Population based surveillance of colonization, with resistant Enterobacte-
s riaceae and enterococci as indicator bacteria, appears to be a sound method to study
V)

the transfer of resistance between different reservoirs of resistance.
20

Nursing
homes
Agricultural Open . Hospital
sector —>» population (intensive care
unit)
\ Hospital /
\ (general /

ward)
Foreign

hospitals

Figure 2. Interactions between different resistance compartments
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AIM AND OUTLINE OF THE THESIS

The general aim of the studies in this thesis is to explore the current emergence of
antibiotic resistance in hospitals. This aim is addressed in two research projects. The
first project concerns the optimization of surveillance of quantitative antibiotic use
in hospitals and the second project concerns the epidemiology of colonization with
antibiotic resistant bacteria in patients during and after hospitalization.

The introductory chapter has illustrated that several authorities recommend to pay
more attention to the monitoring of antibiotic use in hospitals, since resistance and
use have been linked by a substantial amount of evidence. The question how best to
measure and monitor antibiotic use is therefore further explored. In the past years,
emphasis has been put in particular on technical and logistic aspects regarding the
collection of data on antibiotic use. Now the following step is the interpretation of
these data in order to give relevant feedback to physicians and policy makers. In
chapter 2 of this thesis, studies are described in which the interpretation of antibi-

otic use data is the main theme.

* Chapter 2.1 focuses on the importance of units of measurement for a meaningful
understanding of trends in antibiotic use data with regards to antibiotic resistance
risks.

* In chapter 2.2 we describe the surveillance of antibiotic use in the Netherlands in
the period 1997-2002. Data are expressed in DDD per 100 bed days and in DDD
per 100 admissions and hospital resource indicators are involved in the interpreta-
tion of the data.

e Chapter 2.3 is devoted to the identification of determinants of antibiotic use in
Dutch hospitals. Appropriate interventions based on surveillance data may help to
contain the resistance problem. Therefore, insight is needed in hospital character-
istics that predict quantitative antibiotic use and that may serve to identify hospitals

with low or elevated levels of quantitative antibiotic use.

In chapter 3 of the thesis, the epidemiology of colonization and resistance dynam-
ics during and after hospitalization is assessed to identify risk factors for resistance
emergence and to determine the relevance of transmission from the community into
the hospitals, and vice versa. Colonization and resistance dynamics of Enterobac-
teriaceae, P. aeruginosa and Enterococcus species were assessed in the different

studies.
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* In chapter 3.1 the impact of hospitalization on the prevalence of resistant E. coli
in the intestinal flora of surgical patients of three Dutch university-affiliated hospi-
tals is determined.

* Chapter 3.2 describes the development of a method for the screening of the
intestinal microflora for aerobic resistant gram-negative bacteria. This study was
conducted in the course of a large epidemiological study (chapter 3.3 and 3.5).

* Chapter 3.3 and chapter 3.4 present the findings of studies to the colonization
and resistance dynamics of aerobic gram-negative bacteria and enterococcus spe-
cies in the intestinal and oropharyngeal microflora of patients admitted to intensive

care units and general wards during and after hospitalization.

The study described in chapter 3.5 aims at investigating the risk factors for coloni-

zation with antibiotic resistant gram-negative bacteria during stay in the hospital.

In chapter 4, the main findings of the studies in this thesis are discussed and some
methodological issues are considered that are relevant to several studies in these

thesis. Finally, recommendations for future research are given.

Chapter 1

N
N
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ABSTRACT

Objectives. The number of Defined Daily Doses (DDD) per 100 patient days is often
used as an indicator for the selection pressure exerted by antibiotics in the hospital
setting. However, this unit of measurement does not fully describe the selection
pressure and is sensitive to changes in hospital resource indicators. Additional infor-
mation is required to facilitate interpretation of this indicator. The number of DDD
per 100 admissions could be a valuable additional tool. The aim of this study is to
investigate the importance of units of measurement in quantifying antibiotic use data
with regards to antibiotic resistance risks.

Methods. Trends in antibiotic use in acute care Dutch hospitals between 1997-2001
were studied. Antibiotic use was expressed in DDD per 100 patient days and in DDD
per 100 admissions.

Results. From 1997 to 2001, total systemic antibiotic use significantly increased from
47.2 to 54.7 DDD per 100 patient days whereas expressed in DDD per 100 admis-
sions it remained constant. Some individual antibiotics increases in DDD per 100
patient days were not accompanied by increases in DDD per 100 admissions and

vice versa. The mean number of total DDD per hospital decreased (not significantly)

‘; between 1997 and 2001. The mean number of patient days, admissions and length
s of stay decreased significantly.
V)

Conclusions. Knowledge of variation in resource indicators and additional expres-
30

sion of the data in DDD per 100 admissions is imperative for a meaningful under-
standing of observed trends in antibiotic use expressed in DDD per 100 patient days.
Further research is needed to determine the correlation between different measures

of antibiotic use and the level of antibiotic resistance.
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INTRODUCTION

The increasing prevalence of antibiotic-resistant bacteria poses a major threat to the
health of hospitalized patients (1). The relationship between emergence of resistance
and antibiotic use and misuse is well recognized. It is evident that antibiotics affect
not only the micro-organism and the individual patient, but also the population
as a whole (2). At the hospital population level three factors are important with
respect to the selection pressure exerted by antibiotics (3). First, the total amount
of an antibiotic used in a particular geographical area (i.e. the entire hospital or a
ward or unit) over a certain period of time. Secondly, the number of patients treated
with the antibiotic (because they serve as the major “sources” of resistant bacteria).
Thirdly, the density of these patients, i.e. the proportion of patients on antibiotics
in the hospital. Together these factors represent the selection density in the hospital
environment (3). As the selection density increases, the number of resistant strains
in the hospital environment increases and the number of susceptible strains able to
survive in this environment decreases (3). This may facilitate the spread of resistant
bacteria and resistance genes. Antibiotics may also exert their selective pressure after
treatment, as antibiotics may affect the microbial community as long as they remain
intact and at growth inhibitory levels (3).

The World Health Organization (WHO) Collaborating Centre for Drug Statistics
and Methodology recommends using the number of defined daily doses (DDD)
per 100 patient days to quantify antibiotic use (4). The DDD is a technical unit of
measurement and corresponds to the assumed average maintenance dose per day,
for the main indication of the drug, in adults. The number of DDD per 100 patient
days has been used as a proxy for the selection density and is an indicator for
the selection pressure exerted by antibiotic use in the hospital setting. However,
this measure does not fully describe the actual selection density, since it does not
provide information on the number and proportion of patients actually exposed to
antibiotics.

Over the last decade several national surveillance systems on antibiotic use and/or
resistance have been set up (5-8). Critical assessment of the units of measurement
used to quantify antibiotic use and discussions about the interpretation of these units
are, however, rarely presented in the scientific literature (9-11). Most of the surveil-
lance systems use the number of DDD per 100 patient days to compare consumption
rates over time and between hospitals, geographical regions and countries. In our
view, conclusions drawn from these surveillance systems should be interpreted with
care. The number of DDD per 100 patient days does not fully address the selection
density and is sensitive to changes in hospital resource indicators over time. Ad-

ditional information is required to facilitate interpretation. The number of DDD per
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100 admissions could be a valuable additional unit of measurement. The aim of this
study is to investigate the importance of units of measurement in presenting antibi-
otic use data with regards to antibiotic resistance risks. We therefore compared and
analyzed trends in the use of antibiotics in Dutch hospitals between 1997 and 2001
expressed in both DDD per 100 patient days and in DDD per 100 admissions.

METHODS

Population

Data on the use of antibiotics in acute care Dutch hospitals between 1997-2001 were
collected by means of a questionnaire distributed to Dutch hospital pharmacies by
the Working Party on Antibiotic Policy (SWAB) (for source data see NethMap 2003
on-line at www.swab.nD). Pharmacies were requested to report on the annual con-
sumption of antibiotics for systemic use, as defined by group JO1 of the Anatomical
Therapeutic Chemical (ATC) Classification system for the classification of drugs. Out-
patient use and dispensing of antibiotics to nursing homes were excluded. For each

hospital the annual number of admissions and days spent in the hospital (bed days)

§ were recorded. The number of bed days was calculated by multiplying the number
s of admissions with the average length of stay or the number of beds multiplied by
v

- the average occupancy rate; the choice between these methods was dependent on

the preference of the individual hospital administrations.

Analysis

The ATC/DDD classification from the World Health Organization (WHO), version
2002, was used to calculate the number of DDD of the various antibiotics (4). The
number of patient days was obtained by subtracting the number of admissions from
the number of bed days as the number of bed-days overestimates actual treatment
days by including both the day of admission and the day of discharge. For the period
1997-2001 an overall pooled mean (i.e. weighted mean) was calculated for each year
by aggregating data on antibiotic use, patient days and admissions from all hospitals.
The use of antibiotics was expressed in DDD per 100 patient days and in DDD
per 100 admissions. Trends in antibiotic use and hospital resource indicators were
studied by a mixed model for repeated measurements with the hospitals as cofactor.
P values < 5% were considered statistically significant. All statistical analyses were
performed using SAS 8.2 (SAS Institute, Cary, NC, USA).
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RESULTS

In 1997 the total systemic use of antibiotics in Dutch hospitals was 47.2 DDD per
100 patient days, and use significantly increased to 54.7 DDD per 100 patient days
in 2001 (p < 0.001) (Table 1). However, total systemic use expressed as DDD per
100 admissions remained constant (Table 1). The mean number of total DDD per
hospital decreased not significantly from 67176 to 59129 (-12%).

In addition, varying trends in antibiotic use were revealed by the two units of
measurement for some subgroups of antibiotics and also for individual agents. For
example, the use of 8-lactamase-sensitive penicillins, cephalosporins and macrolides
increased significantly when expressed in DDD per 100 patient days, but not when
expressed in DDD per 100 admissions; for penicillins with an extended spectrum
and trimethoprim-sulphamethoxazole, a decrease was found when expressed in
DDD per 100 admissions, but not per 100 patient days.

The use of penicillins in combination with 8-lactamase inhibitors, co-amoxiclav
and piperacillin-tazobactam, increased significantly when expressed in DDD per 100
patient days. However, this increase was observed for piperacillin-tazobactam (p =
0.003) when only admissions were used as the criterion (data not shown).

The use of lincosamides and fluoroquinolones expressed in both DDD per 100
patient days and in DDD per 100 admissions increased significantly. This increased
use was due to significant increases in the use of clindamycin (p < 0.001) and cipro-
floxacin (p < 0.001), respectively (data not shown).

Between 1997 and 2001 changes in hospital resource indicators were observed.
The mean number of patient days per hospital decreased significantly from 142339
to 108128 (-24%: p < 0.001) and the mean number of admissions significantly de-
creased from 17405 to 15677 (-10%, p = 0.02). The mean length of stay decreased
significantly from 8.2 to 6.9 days (-16%, p < 0.001).

DISCUSSION

The manner in which antibiotic usage is expressed does matter. Proper expression
of antibiotic use is needed for the interpretation of prescribing habits, the evaluation
of compliance with clinical guidelines and the linkage with antibiotic resistance
data. The DDD system provides a convenient tool for the quantification of antibiotic
use and allows comparisons between different settings, regions, or even countries.
Different units of measurement can be used as denominator, depending on the
questions posed. If antibiotic resistance development is the issue then the measure

of antibiotic use should be a reflection of the antibiotic selection pressure exerted.
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At the population level the selection pressure is thought to depend on the volume
of antibiotics used in a particular geographical area, the number of patients exposed
and the proportion of patients treated with antibiotics (3). The denominator should
thus preferably include information on all these factors.

In the present study, data on antibiotic use in Dutch hospitals between 1997 and
2001 were expressed using two different units of measurement, DDD per 100 patient
days and DDD per 100 admissions. From our data it is evident that trends over time
in DDD per 100 patient days did not always correlate with trends in DDD per 100
admissions. Differences in trends between the two units of measurement seem to be
the result of changes in resource indicators over time. We measured a 24% decrease
in the mean number of patient days per hospital. The mean number of admissions
also decreased, but to a lesser extent (-10%). The mean length of stay decreased
with 16%. The mean number of total DDD of antibiotics used also decreased (-12%).
Taken these findings together we can easily understand the differences found when
total use was expressed in DDD per 100 patient days (+16%) and in DDD per 100
admissions (-2%). Small discrepancies seem to be the result of the use of pooled and
geometric means.

Without further information, an increase in DDD per 100 patient days might be
interpreted as an actual increased use per patient. However, the number of DDD
per 100 admissions remained constant. From our data we can only conclude that on
average patients used the same number of DDD and were admitted to the hospital
for a shorter period of time. This resulted in an intensification of antibiotic therapy
per patient day.

An increase in the number of DDD per 100 patient days is often interpreted as
worrisome with regards to the potential of antibiotic resistance development. How-
ever, in the Dutch situation, a constant use per patient combined with a significant
decrease in the number of admissions are indicative for a lowering of the selection
pressure exerted by antibiotic use over the years. Moreover, an intensification of
antibiotic therapy per patient day suggests a shortening of duration of antibiotic
treatment. Short duration of therapy may lead to less selection of resistant micro
organisms (12).

It appears that the number of DDD per 100 patient days can only be used as a
reliable and robust monitor of the selection density over time or between geographi-
cal areas when relevant hospital resource indicators remain constant. Furthermore,
neither unit of measurement fully represents the selection density. Neither DDD
per 100 patient days nor DDD per 100 admissions indicates the number of patients
exposed or the proportion of patients on antibiotics. It is arguable that the selection
density does not best represent selection pressure or predict resistance development

in a given geographical setting. For example, the number of exposed individual
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commensal microflora might best express selection pressure. However there is a lack
of studies to determine the correlation between different measures of antibiotic use
and the level of antibiotic resistance.

In conclusion, the data presented in this article showed that to understand trends
in antibiotic use over time or between hospitals or countries, data should not only be
presented in DDD per 100 patient days. Knowledge of variation in resource indica-
tors and additional expression of the data in DDD per 100 admissions are imperative
for a meaningful understanding of observed trends in antibiotic use expressed in
DDD per 100 patient days. Further research is needed to determine the correlation

between different measures of antibiotic use and the level of antibiotic resistance.
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ABSTRACT

Objectives. To analyze trends in antibiotic use in Dutch hospitals over the period
1997-2002.

Methods. Data on the use of antibiotics and hospital resource indicators were ob-
tained by distributing a questionnaire to all Dutch hospital pharmacies. Antibiotic
use was expressed as the number of defined daily doses (DDD) per 100 patient days
and as DDD per 100 admissions.

Results. Between 1997 and 2002, mean length of stay decreased by 18%. The mean
number of admissions remained almost constant. Total antibiotic use significantly
increased by 24%, from 47.2 in 1997 to 58.5 DDD per 100 patient days in 2002 (p <
0.001), whereas expressed as DDD per 100 admissions it remained constant. Antibi-
otic use varied largely between the hospitals. Moreover, the mean number of DDD
per hospital of amoxicillin with clavulanic acid, clarithromycin, cefazolin, clinda-
mycin and ciprofloxacin increased with 16%, 38%, 39%, 50% and 52%, respectively.
Total antibiotic use was higher in university hospitals than in general hospitals.
Conclusions. Between 1997 and 2002 patients hospitalized in the Netherlands did

N
S not receive more antibiotics but, since they remained in the hospital for fewer days,
g the number of DDD per 100 patient days increased. For macrolides, lincosamides
V)

and fluoroquinolones increases in both DDD per 100 patient days and in DDD
a0

per 100 admissions were observed. It is arguable whether these trends result in an
increase in selection pressure towards resistance in the hospitals. Continuous surveil-
lance of antibiotic use and resistance is warranted to maintain efficacy and safety of

antibiotic treatment.

Margreet BW.indd 40 27-10-2005 17:44:09



Hospital antibiotic use in the Netherlands: 1997-2002 | 41

INTRODUCTION

The increasing prevalence of antibiotic resistant micro-organisms poses a major
threat to the health of hospitalized patients (1, 2). Its relationship with antibiotic use
and misuse is well recognized. Specific criteria for appropriate use of antibiotics in
order to avoid resistance should therefore be developed (3). Quantitative and quali-
tative data on the use of antibiotics in hospitals are needed to evaluate strategies that
are implemented to contain antimicrobial resistance. Obviously, resistance rates also
need to be measured.

In Sweden, Denmark and the Netherlands yearly reports are issued in which resis-
tance rates and antibiotic use data are reported (4-6). In the Netherlands, Janknegt
et al. collected data on the use of antibiotics in Dutch hospitals during the period
1991-1996 (7). In 1996 the Working Party on Antibiotic Policy (acronym is SWAB;
www.swab.nl) was founded by the Dutch Society for Medical Microbiology (NVMM),
the Society for Infectious Diseases (VIZ) and the Dutch Association of Hospital
Pharmacists (NVZA). Main activities of the SWAB are development of guidelines and
educational programs to promote appropriate use of antibiotics and the surveillance
of antibiotic use and resistance. These activities are supported with a structural grant
by the Ministry of Health, Welfare and Sport of the Netherlands. In 2000 SWAB’s
working group on the use of antimicrobial agents started with the collection of
national data on antibiotic use in hospitals. These data are presented in NethMap,
the annual report of the SWAB (6).

In a recent editorial of this journal it was stated that physicians would not directly
benefit from these national reports in their daily practice, but that these reports
may help to increase their general awareness of the problem of antibiotic resistance
(8). Furthermore these reports may provide a knowledge base for policy decisions,
guidelines and research strategies.

The aim of this study was therefore to analyze and report on antibiotic use in
Dutch hospitals between 1997 and 2002.

METHODS

Population

All Dutch hospitals, 94 general hospitals and 8 university hospitals, were approached
to participate in the national surveillance system of the SWAB. Specialized hospitals,
such as psychiatric and orthopedic hospitals as well as rehabilitation centers were
excluded. Data on the use of antibiotics in acute care Dutch hospitals between 1997
and 2002 were collected by means of a questionnaire distributed to all Dutch hos-

pital pharmacies by the SWAB. Data from inpatient wards as well as day care wards
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had to be included, whereas outpatient use and dispensing to nursing homes had to

be excluded from the data report.

Antibiotic use

Pharmacies were requested to report on the annual consumption of antibiotics for
systemic use, group JO1 of the Anatomical Chemical Classification (ATC) system. The
use of different (sub) classes of antibiotics was expressed as defined daily doses
(DDD) per one hundred patient days and per one hundred admissions (9).

The ATC/DDD classification from the World Health Organization (WHO), version
2002, was used to calculate the number of DDD of the various antibiotics. The DDD
is defined as the assumed average maintenance dose per day for a drug used for its

main indication in an adult (10).

Hospital resource data
For each hospital the annual number of admissions and days spent in the hospital
(bed days) were recorded. The number of patient days was obtained by subtracting

the number of admissions from the number of bed days as the number of bed days

~

S over estimates actual treatment days by including both the day of admission and
g the day of discharge. The mean length of stay was calculated by dividing the mean
v

" number of patient days by the mean number of admissions.
4

Statistical analysis

Regarding the period 1997-2002 an overall pooled mean (i.e. weighted mean) was
calculated for each year by aggregating data on antibiotic use and patient days of
all hospitals. Drug utilization was compared between hospitals and over time by a
mixed model for repeated measurements. The response variables applied were the
number of DDD per 100 patient days and the number of DDD per 100 admissions.
P values < 0.05 were considered statistically significant. All statistical analyses were
performed by SAS 8.2 (SAS Institute, Cary, NC, USA)

RESULTS

Hospital resource indicators

Between 1997 and 2002 a decrease in the mean length of stay was found in both
the total cohort of hospitals and the subgroups of university and general hospitals

(Table 1). The mean number of admissions remained almost constant. As the mean
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observed;

5.for penicillins with extended spectrum and combinations of sulfonamides and
trimethoprim we found a constant use when expressed in DDD per 100 patient
days and a significant decrease in the number of DDD per 100 admissions.

The proportion of all penicillins combined represented 55% of total systemic use in
both 1997 and 2002. In an in-depth study of the individual antibiotics we found that
the mean number of DDD per hospital of amoxicillin-clavulanic acid, clarithromycin,
cefazolin, clindamycin and ciprofloxacin increased with 16%, 38%, 39%, 50% and
52%, respectively.

In university hospitals, total systemic antibiotic use increased significantly by 16.5%
(from 57.6 in 1997 to 67.1 DDD per 100 patient days in 2002 (p = 0.002)), whereas
in general hospitals total use increased significantly by 29.4% (from 43.6 in 1997 to
56.4 DDD per 100 patient days in 2002 (p < 0.001)). However, total systemic antibiotic
use expressed as DDD per 100 admissions in university hospitals remained almost
constant at 507.4 in 1997 and 525.2 in 2002. In general hospitals no increase was found
when use was expressed as DDD per 100 admissions as well: 347.4 in 1997 and 364.2
in 2002. In university hospitals the mean number of DDD per hospital decreased by

~
S 1.5%, whereas in general hospitals an increase of 6.5% has been observed.
g Moreover, a large variation in quantitative antibiotic use was found between the
V)
participating hospitals, in particular in general hospitals (Figure 1).
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Figure 1. Variance in total use of antibiotics for systemic use (J01) in Dutch hospitals, 2002: university versus
general hospitals.
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DISCUSSION

Our data showed a decrease in the mean length of stay during the study period and a
more or less constant mean number of admissions. These trends in hospital resource
indicators are consistent with the demographics of all hospitals as registered by
Statistics Netherlands (http://www.cbs.nl). In addition, we found that trends over
time in DDD per 100 patient days did not consistently correlate with trends in DDD
per 100 admissions.

In the present study total antibiotic use significantly increased by 24%, from 47.2
in 1997 to 58.5 DDD per 100 patient days in 2002. The total number of DDD and ad-
missions remained almost constant between 1997 and 2002. However, length of stay
decreased significantly during this period. This means that on average patients used
the same number of DDD in a shorter period of time, which might be interpreted in
different ways. Firstly, no changes in treatment policies occurred since most patients
were already treated with antibiotics during the first days of hospitalization. Due to
intensification of general care length of stay decreased. Another explanation might
be that antibiotic courses are completed at home with antibiotics supplied by the
hospital.

Between 1991 and 1996 total antibiotic use in Dutch hospitals increased by 14%
from 37.2 to 42.5 DDD per 100 patient days in 1996 (7). This might also be the result
of a decreasing length of stay over the years (12%) rather than an increase in DDD
per admission. The first results of an European surveillance program demonstrated
that the Nordic countries and the Netherlands all show a low total antibiotic use
compared with other European countries (11).

In both university and general hospitals we found a constant use in DDD per 100
admissions and an increase in DDD per 100 patient days as well. Total systemic
antibiotic use was notably higher in university hospitals than in general hospitals.
This might be explained by the admission of patients with more complex infections
or undergoing complex surgery and transplantation’s requiring prophylaxis (12).

In the total cohort of hospitals the mean number of DDD per hospital of amoxicil-
lin-clavulanic acid, clarithromycin, cefazolin, clindamycin and ciprofloxacin increased
with 16%, 38%, 39%, 50% and 52%, respectively. As the number of admissions re-
mained almost constant over the years this means an increase in the consumption of
these antibiotics per admission. The increase in the use of cefazolin, an agent that
is merely used for surgical prophylaxis may be explained by the publication of a
national guideline on surgical antibiotic prophylaxis in 2000. This guideline strongly
recommends the use of cefazolin for surgical prophylaxis. In our cohort of hospitals
the percentage of hospitals using cefazolin increased from 37% in 1997 to 69% in

2002 (P = 0.001). It is not clear why the use of the other antibiotics is increasing.
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Audits on antibiotic prescribing practices at the individual patient level are needed
to clarify the increasing use of these antibiotics.

We distinguished five categories concerning trends in antibiotic use over the years.
With regard to resistance development it appears that an increase in both the number
of DDD per 100 patient days and the number of DDD per 100 admissions (category
1) is worrisome and that no significant change or a significant decrease in both units
of measurement (category 2, 3 and 5) are not worrisome. The trend in category 4 is
less easy to interpret. An increase in the number of DDD per 100 patient days may
be interpreted as an increase in the selection pressure towards resistance. How-
ever, this is arguable since the number of admissions and the total number of DDD
remained almost constant over the years. Moreover, an intensification of antibiotic
therapy suggests a shortening of duration of antibiotic treatment. Short duration of
therapy may lead to less selection of resistant microorganisms (13, 14).

In the present study some methodological problems were encountered. Firstly,
one possible source of bias was the variety of methods used by the different Dutch
hospital pharmacies to quantify their antibiotic use. The majority of hospitals deliv-
ered data based on hospital purchases, only a few hospitals provided actual dispens-

ing data. Ideally, one would prefer actual administration data as a source to measure

~
S antibiotic use in hospitals, with every dose actually administered to a patient elec-
g tronically.
v

Secondly, we aimed to provide census data, covering at least 90% of the acute
a8

care hospital population in the Netherlands. The overall response to the inquiry was
however 58%. In contrast with for example Denmark, the Dutch government does
not make it compulsory for hospitals to deliver their data on the use of antibiotics
(15). Consequently aiming at 90% coverage will be unrealistic. Since the variance
in antibiotic use is very large between the hospitals, a representative selection of
hospitals is only possible when insight is obtained in the determinants of hospital
antibiotic use.

Another possible source of bias may be that as a result of earlier discharge of
the less sick patients, patient days may increasingly originate from sicker patients
who more often require antibiotic treatment. However, this is not likely, as the total
number of DDD remained constant.

In this survey, data was collected by a questionnaire and processed manually,
which is a relatively slow process. In the near future the SWAB wishes to start a
national project in order to collect data on hospital drug use in a central data ware-
house. This will facilitate the collection of data and the conversion to DDD per 100
patient days.

Data on the use of antibiotics at hospital level might be too crude for identifying

subtle trends in antibiotic use of specific patient populations. Therefore, monitoring
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antibiotic use patterns by specific populations within the hospital (e.g. intensive care
and general ward patients; surgical and non-surgical patients) is warranted. In this
way substantial changes can be demonstrated that would be overlooked if hospital-
wide data is aggregated into national trends.

In conclusion, patients hospitalized in the Netherlands did not receive more anti-
biotics but, since they remained in the hospital for fewer days, the number of DDD
per 100 patient days increased. It is arguable whether this results in an increase
in selection pressure towards resistance in the hospitals, since the total number of
DDD remained almost constant over the years. For macrolides, lincosamides and
fluoroquinolones increases in both DDD per 100 patient days and DDD per 100
admissions were observed between 1997 and 2002. This might be worrisome since
this trend is more likely to be associated with an increase in the selection pressure.
Further research is needed to determine the relationship between antibiotic use,
selection pressure and the emergence of resistance. To maintain efficacy and safety
of antibiotic treatment, continuous surveillance of antibiotic use and resistance is

necessary.

Acknowledgement

We thank the pharmacists of the participating hospitals for providing data on antibi-
otic use. This study was supported with a structural grant by the Ministry of Health,
Welfare and Sport to the Working Party on Antibiotic Policy (SWAB), no. 366950.01.

REFERENCES

1. Kollef MH, Sherman G, Ward S, Fraser VJ. Inadequate antimicrobial treatment of infections: a
risk factor for hospital mortality among critically ill patients. Chest 1999;115(2):462-74.

2. Cosgrove SE, Kaye KS, Eliopoulous GM, Carmeli Y. Health and economic outcomes of the
emergence of third-generation cephalosporin resistance in Enterobacter species. Arch Intern
Med 2002;162(2):185-90.

3. Gyssens IC. Quality measures of antimicrobial drug use. Int ] Antimicrob Agents 2001;17(1):9-19.

4. SWEDRES 2004. A report on Swedish antibiotic utilisation and resistance in human medicine.

ISSN 1400-3473. Swedish Strategic Programme for the rational use of antimicrobial agents

(STRAMA) and the Swedish Institute for Infcetious Disease Control, Solna, Sweden.

DANMAP 2003. Use of antimicrobial agents and occurence of antimicrobial resistance in

bacteria from food animals, foods and humans in Denmark. ISSN 1600-2032. Danish Vetrinary

Institute, Copenhagen, Denmark.

6. SWAB. NethMap 2005 - Consumption of antibiotic agents and antibiotic resistance among
medically important bacteria in The Netherlands. [On-linelhttp://www.swab.nl Date last ac-
cessed 5 August 2005.

7. Janknegt R, Oude Lashof A, Gould IM, van der Meer JW. Antibiotic use in Dutch hospitals
1991-1996. J Antimicrob Chemother 2000;45(2):251-6.

8. Cars O. Annual reports of antibiotic use and resistance--for whom? Neth J Med 2004;62(11):405-6.

N

Margreet BW.indd 49 27-10-2005 17:44:14



10.

11.

12.

13.

14.

Chapter 2.2

v
(=]

Margreet BW.indd 50

Filius PM, Liem TB, van der Linden PD, Janknegt R, Natsch S, Vulto AG, et al. An additional
measure for quantifying antibiotic use in hospitals. ] Antimicrob Chemother 2005;55(5):805-8.
World Health Organization. Guidelines for ATC Classification and DDD Assignment. Oslo:
WHO Collaborating Centre for Drug Statistics Methodology, Norwegian Institute of Public
Health; 2005.

Elseviers M, Ferech M, Vander Stichele R. Consumption of antibiotics in hospital care in Eu-
rope: first results of the ESAC retrospective data collection [abstract]. 13th European Congress
of Clinical Microbiology and Infectious Diseases, Glasgow, UK. 2003.

van Kasteren ME, Gyssens IC, Kullberg BJ, Bruining HA, Stobberingh EE, Goris RJ. [Optimizing
antibiotics policy in the Netherlands. V. SWAB guidelines for perioperative antibiotic prophy-
laxis. Foundation Antibiotics Policy Team]. Ned Tijdschr Geneeskd 2000;144(43):2049-55.
Schrag SJ, Pena C, Fernandez J, Sanchez J, Gomez V, Perez E, et al. Effect of short-course,
high-dose amoxicillin therapy on resistant pneumococcal carriage: a randomized trial. Jama
2001;286(1):49-56.

van der Meer JW, Natsch S. [Completing a course of drug therapy is necessary to com-
bat the infection, not to discourage emergence of resistance]. Ned Tijdschr Geneeskd
2004;148(35):1720-2.

Muller-Pebody B, Muscat M, Pelle B, Klein BM, Brandt CT, Monnet DL. Increase and change
in pattern of hospital antimicrobial use, Denmark, 1997-2001. J Antimicrob Chemother
2004;54(6):1122-6.

27-10-2005 17:44:14



CHAPTER 2.3
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ABSTRACT

Objectives. Surveillance of hospital antibiotic use at the national level serves as an
early warning system for the emergence of resistance. Appropriate interventions
based on these data may help to contain the resistance problem. Insight is therefore
needed into hospital characteristics that predict quantitative antibiotic use. These
characteristics may serve to identify hospitals with low or elevated levels of quantita-
tive antibiotic use. The aim of this study is to assess determinants of antibiotic use
in 43 Dutch hospitals.

Methods. A multivariate backward stepwise linear regression model was performed
with total systemic use of antibiotics as outcome variable and institutional, popula-
tion and care providers’ characteristics as potential explanatory variables.

Results. Total systemic use in 43 Dutch hospitals varied largely (median = 45.6,
range 26.1 - 65.9 DDD per 100 patient days). In the multivariate analysis the number
of pharmacists, microbiologists and infectious disease physicians per 100,000 patient
days were significant determinants of quantitative antibiotic use (R* = 0.40).
Conclusions. Our study indicates that 40% of the variation in quantitative antibiotic

use between hospitals can be explained by the relative number of hospital phar-

=
S macists, medical microbiologists and infectious disease physicians. This result is
g understandable considering that the relative number of such specialists in a hospital
V)

strongly correlates with the hospital’s case mix of patients regarding infectious dis-
52

eases. It is desirable to extend studies like this to further delineate the determinants
that explain variability in antibiotic use.
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INTRODUCTION

Surveillance of hospital antibiotic use at the national level serves as an early warn-
ing system for the emergence of resistance (1, 2). Appropriate interventions based
on these data may help to contain the resistance problem. An important tool to
encourage participation in such a surveillance program is to give feedback to the
individual hospitals on the level of antibiotic use in their own hospital. It is however
complex to provide the individual hospitals with appropriate information. The na-
tional surveillance system may report data on total systemic use of antibiotics in the
individual hospital and compare this with the median use in the national cohort of
participating hospitals. If the use of the individual hospital is elevated in comparison
with the median value of all participating hospitals, this might be an indicator for
further analysis. However, the individual hospital may still debate that it is a referral
hospital or that it has many intensive care or haematology patients. Since it is not
known which hospital dependent characteristics are associated with quantitative
use of antibiotics it is difficult to comment on these arguments. Insight is therefore
needed into hospital characteristics that predict quantitative antibiotic use. This may
help to identify hospitals with low or elevated levels of quantitative antibiotic use
and that are potential candidates for in depth studies to the quality of antibiotic
prescribing. The aim of this study is therefore to assess determinants of antibiotic

use in Dutch hospitals.

METHODS

1. Dependent variable: quantitative use of antibiotics

Data on the use of antibiotics (group JO1 of the Anatomical Therapeutic Chemical
(ATO) Classification system) in acute care Dutch hospitals in 2001, was collected by
means of a questionnaire distributed to Dutch hospital pharmacies by the Working
Party on Antibiotic Policy (acronym is SWAB). The ATC/DDD classification from the
World Health Organization (WHO), version 2005, was used to calculate the number
of defined daily doses (DDD) of the various antibiotics (3). Use of antibiotics was ex-
pressed in DDD per 100 patient days. The number of bed days and admissions were
obtained from the Institute for Health care Information and Consultancy (Prismant).
The number of patient days was calculated by subtracting the number of admissions
from the number of bed days as the number of bed days over estimates actual treat-

ment-days by including both the day of admission and the day of discharge.
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2. Independent variables: hospital characteristics

Hospital characteristics consisted of institutional, population and care provider
characteristics. If not specifically mentioned these data were derived from the year
2001 questionnaire that was sent to all Dutch hospitals by the Dutch Federation of
University Medical Centers (NFU) and the Dutch Federation of Hospitals (NVZ).
Enumerators were defined for all quantitative variables to make them relative to the
size of the hospital.

Institutional characteristics. Hospitals were categorised in general, regional re-
ferral hospitals and university hospitals. Geographic location was encoded by the
Nomenclature of Territorial Units for Statistics (NUTS) (4). The North (NL1) and East
(NL2) provinces were grouped together to obtain sufficient hospitals per category.
Teaching status for medical specialists was also included as an institutional charac-
teristic.

Population characteristics. These characteristics directly or indirectly reflect the
case-mix (i.e. the patients with or at risk for an infectious disease) of the hospital.

These included the number of haematologists (data obtained from the National
Society of Internal Medicine Physicians (NIV)) and intensive care physicians, the

number of inpatient surgical procedures, the number of inpatient bed days for the

m
P departments of internal medicine, pulmonology, surgery and urology, the number
g of transplantations, the number of dialyses, the ratio of the number of bed days of
v

surgical and non-surgical departments, the number of treatments in daycare, the
54

number of outpatient chemotherapy treatments, the proportion of the discharged
population > 45 years of age and the mean length of stay.

A specific casemix-indicator was also included. This indicator was developed by
Prismant to assess the differences in health care needs (in costs) of patients between
the different hospitals.

Care provider characteristics. The number of hospital pharmacists, medical micro-
biologists and infectious disease specialists (data obtained from the National Society
of Internal Medicine Physicians (NIV) were included. We also developed an indicator
for the intensity of medical care provided by internal medicine physicians, pulmo-
nologists, surgeons and urologists to their respective patients. The number of these

physicians were weighted to their respective bed days.

3. Statistics

Descriptive analyses were performed to assess distribution and frequency of the de-
pendent and independent variables. A multivariate backward stepwise linear regres-
sion model was constructed with total systemic use of antibiotics as the dependent

outcome variable and all the institutional, population and care providers’ charac-
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teristics as the independent explanatory variables. Only explanatory variables with
bivariate correlation with P values < 0.15 were included in the stepwise regression
model. Two-sided P values of < 0.05 were considered to be statistically significant.
The data were analyzed by using SPSS 11.0 for Windows (SPSS Inc., Chicago, II-

linois).

RESULTS

Hospital characteristics and antibiotic use. In 2001, a total of 49 hospitals contributed
data on the use of antibiotics. This sample represents about 50% of the total number
of patient days in The Netherlands in 2001. Of 43 out of these 49 hospitals, data were
available on hospital characteristics. These hospitals were used in the analysis of
determinants of quantitative antibiotic use. Table 1 outlines the institutional, popula-
tion and care providers’ characteristics of the 43 participating hospitals. Median total
systemic use in the total cohort of hospitals was 45.6 (range 26.1 — 65.9) DDD per
100 patient days (for source data see NethMap 2005) (5).

Characteristics associated with quantitative antibiotic use. Eleven hospital charac-
teristics were identified as significant bivariate determinants of quantitative antibiotic
use (Table 2). In the multivariate analysis the number of hospital pharmacists, medi-
cal microbiologists and infectious disease physicians per 100,000 patient days were
significant determinants of quantitative antibiotic use in 43 Dutch hospitals. If the
number of these medical specialists increases with one per 100,000 patient days,
total antibiotic use increases with 2.2, 2.4 and 2.8 DDD per 100 patient days, respec-
tively. These variables explained 40% of the variation in antibiotic use.

DISCUSSION

The number of hospital pharmacists, medical microbiologists and infectious disease
physicians per 100,000 patient days determine the quantity of antibiotic use in a hos-
pital. From many studies it is known that multidisciplinary teams including specialists
from the departments of microbiology, infectious diseases and hospital pharmacy
has been successful in improving the quality of antibiotic drug use (6, 7). Policy mak-
ers should foresee that, when inappropriate prescribing is due to under-treatment,
quality improvement may result in an increase in total use of antibiotics and costs
(8). This may thus explain the association that we found between the number of
hospital pharmacists, medical microbiologists and infectious disease physicians per

100,000 patient days and an increased use of antibiotics.
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Table 1. Institutional, population and care provider characteristics of 43 Dutch hospitals

Hospital characteristics

Institutional characteristics n (%)
Hospital category

University hospital 5(11.6)
Regional referral hospital 8(18.6)
General hospital 30(69.8)
Geographical situation

North/East 10(23.3)
West 22(51.2)
South 11(25.6)
Teaching status present 26 (60.5)
No. of beds, mean (SD) 522 (244)
Population characteristics mean (SD)
No. of haematologists / 100,000 PD* 1.8(2.2)
FTE® intensive care physicians / 100,000 PD 1.1(1.6)
No. of surgical procedures / 100 PD 15.7 (44)
9% Bed days internal medicine / total bed days 16.7 (3.5)
% Bed days pulmonology / total bed days 7.0(2.5)
9% Bed days surgery / total bed days 18 6(3.2)

% Bed days urology / total bed days 1(27)
No. of transplantations / 100 PD .2(0.5)
No. of dialyses/ 100 PD¢ 100(10 9)
Ratio bed days surgical and non-surgical departments 1(0.2)
2(2.
O(1.

« No. of treatments in daycare / 100 PD 3)
& No. of outpatient chemotherapy treatments / 100 PD 1)
§ 9% Discharged population > 45 years of age* 57.3 (5.1)
v Mean length of stay (days) 79(0.9)
56 Casemix-indicator® 946(11.2)
Care provider characteristics mean (SD)
FTE hospital pharmacists / 100,000 PD 8(1.4)
FTE medical microbiologists / 100,000 PD 6(1.5)
FTE infectious disease physicians / 100,000 PD .5(1.3)
FTE internal medicine physicians / 100,000 internal medicine bed days 61 0 (45.5)
FTE surgeons / 100,000 surgical bed days 459 (25.6)
FTE pulmonologists / 100,000 pulmonology bed days 41.1(20.8)
FTE urologists / 100,000 urology bed days 81.4(34.1)

2PD = patient days

PFTE = full-time equivalent

¢No data available from university hospitals

4 Data only available from 30 general and regional referral hospitals

In addition, we postulate that the relative number of such specialists in a hospi-
tal strongly correlates with the hospital’s case mix of patients regarding infectious
diseases and that variables currently not covered confound our results. We assessed
many indirect population characteristics in order to include a meaningful indicator
of the patient case-mix in our prediction model. The choice of these characteristics
was deliberately limited to those that were freely available from public sources and

from the yearly questionnaire of the Dutch Federation of University Medical Centres
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Table 2. Bivariate and multivariate determinants of quantitative antibiotic use in 43 Dutch hospitals, 2001

Determinants Bivariate analysis Multivariate analysis®
F Pvalue  Non-standardized 95% Cl
Betacoefficient

Institutional characteristics
Hospital category 0.004 6.219

Population characteristics

No. of haematologists / 100,000 PD® 0.002 10436
No. of transplantations / 100 PD 0.006 8.444
Casemix-indicator 0.052 4,099

Care provider characteristics

FTE? hospital pharmacists / 100,000 PD 0.054 3.957 2.168 0.171-4.165
FTE medical microbiologists / 100,000 PD 0.002 11.042 2.398 0.257-4.539
FTE infectious disease physicians / 100,000 PD 0.001 12.103 2.812 0.452-5.172
FTE internal medicine physicians / 100,000 internal medicine 0.001 11.929

bed days
FTE surgeons / 100,000 surgical bed days 0.003 9.900
FTE pulmonologists / 100,000 pulmonology department bed 0.032 4913

days
FTE urologists / 100,000 urology department bed days 0.103 2.776

?R Squared = 0.395

°PD = patient days

< Data only available from 30 general and regional referral hospitals
dFTE = full-time equivalent

(NFU) and the Dutch Federation of Hospitals (NVZ). Potential determinants that
require yearly collection of data from the individual hospitals, or patients, appears to
be less ideal with this purpose in mind. Nevertheless, despite the limited number of
explanatory variables our model explains 40% of antibiotic in Dutch hospitals.

We are aware of only two similar studies. Blix et al. found that size, type and geo-
graphical situation do not influence the level of antibiotic use in Norwegian hospitals
(9). In an unpublished study, significant predictors of total antibiotic use in 32 US
hospitals included the number of infections, inpatient surgeries and bacteremias per
1000 discharges, and the illness severity class and geographic location. This model
explained 72% of total antibiotic use (10). The latter study shows that inclusion of
more disease related variables in the model explains a higher proportion of the
variability in antibiotic use. Other variables that might explain the variability in use
might be those related to local antibiotic policies including the presence of guide-
lines, restricted lists of antibiotics and presence of antibiotic committees. Moreover,
data on local resistance levels were not included in our analysis. Elevated resistance
levels may result in higher dosage regimens, an increased duration of treatment or
prescription of combination of antibiotics. Therefore resistance levels may also cor-

relate with quantitative antibiotic use in hospitals.
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In conclusion, it is desirable to extend studies like this to further delineate the
determinants of variability in antibiotic use in acute care hospitals. This would en-
able us to give appropriate feedback to the individual hospitals on their use of

antibiotics.
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CHAPTER 3

Epidemiology of colonization with antibiotic
resistant bacteria
in patients during and after hospitalization
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ABSTRACT

Objectives. The impact of hospitalization on the prevalence of resistant Escherichia
coli in the intestinal flora of patients admitted to the surgical wards of three Dutch
university- affiliated hospitals was analyzed prospectively.

Methods. Fecal samples were obtained on admission to the hospital, at the time
of discharge, and 1 and 6 months after discharge. All samples were examined for
resistance to nine antibiotic agents.

Results. For the total patient population, no significant differences in the preva-
lence of resistance were observed at the different sampling intervals, except for
a significant decrease in cefazolin resistance between the time of discharge and 6
months after discharge (10% to 3%, p < 0.05). This decrease was mainly observed in
patients from the university hospital Maastricht (azM), in which a significant decrease
from 17% to 6% was detected (p < 0.05). Moreover, despite dissimilarities in patient
characteristics and the marked variations in antibiotic use, no significant differences
in the prevalence of antibiotic resistance were observed between the three hospitals,
except for the overall higher prevalence of cefazolin resistant E. coli in azM patients
(p <0.05).

‘;Q; Conclusions. In this study, hospitalization did not seem to have any substantial
13 effect on the prevalence of antibiotic resistant E. coli at the different time intervals.
v

p= However as our study population consisted of surgical patients with a relatively mod-

erate antibiotic use, and the prevalence of antibiotic resistance was only analyzed for
fecal E. coli, further investigation should be encouraged, as the understanding of the
interaction between different resistance reservoirs is important for directing future

intervention studies.
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INTRODUCTION

Many studies have shown that hospitalization can lead to an increase in antibiotic
resistance in pathogenic bacteria (1,2). The effect of hospitalization on antibiotic
resistance of commensal intestinal bacteria, like Escherichia coli, has received less
attention. Resistant commensal bacteria acquired in the hospital may disseminate in
the community through discharged patients.

In this study, the impact of hospitalization on the prevalence of resistance in E.
coli of the intestinal flora of surgical patients of three university affiliated-hospitals
in The Netherlands was analyzed prospectively. The prevalence of resistance was
determined on admission, at time of discharge and 1 and 6 months after discharge.
E. coli was used as an indicator organism, as this species is one of the dominant

facultative aerobically growing bacteria of the intestinal flora.

METHODS

Patient population

From 1999 to 2001, patients admitted to the participating surgical wards of the uni-
versity hospitals of Groningen (azG), Maastricht (azM), and Rotterdam (azR), The
Netherlands, were asked to participate in the present study. Upon inclusion, patients
were requested to collect a fecal sample at the following time intervals: within 24
hours after admission to the hospital, at time of discharge, and 1 and 6 months
after discharge. Data on antibiotic use and hospitalization in the 3 months before
hospital admission were recorded. At the time of discharge, the reason for surgical
admission, the length of stay and the antibiotics prescribed were registered for each
patient. Patients were not eligible for the study if they were referred from a nursing
home or from another hospital ward. Patients were withdrawn from the analysis if
no fecal samples were obtained on admission, at time of discharge or one month
after discharge, if they stayed for < 2 days in the hospital, or if they were referred to
an intensive care unit for > 24 hours after surgery. Approval of the Medical Ethical
Committees was obtained before the start of the study. Only patients who had given

their informed consent were included in the study.

Sample processing

The prevalence of antibiotic resistance was determined, as described previously (3).
In short, after thawing, the samples were further diluted (102 - 10%) and 0.04 mL of

these dilutions were spread over Eosine-Methylene-Blue (EMB) agar plates (Oxoid
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CM 69, Basingstoke, UK) with and without antibiotics, using a spiral plater (Salm and
Kipp, Utrecht, The Netherlands). In the present study, the minimum detection level
for E. coli was 10° colonies per gram feces. The antibiotic concentrations used (see
Table 2) in the agar plates were based on NCCLS guidelines and modified (where
appropriate) to make comparison with previous studies possible (4, 5).

Analysis

The prevalence of antibiotic resistance (%) was defined as the number of fecal
samples with resistant E. coli divided by the total number of samples with detect-
able E. coli and multiplied by 100. The prevalence of resistance against amoxicillin,
cefazolin, ciprofloxacin, co-amoxiclav, gentamicin, nalidixic acid, nitrofurantoin,
oxytetracycline, and trimethoprim was determined. The consumption of antibiot-
ics during hospitalization in the three patient populations was expressed as the
number of defined daily dosages (DDD) per 100 bed-days. Statistical comparisons
were performed using the chi-square test or Fisher’s exact test. P values < 0.05 were

considered significant.

RESULTS

Chapter 3.1

-3
Y

Patient populations

The overall response of participation in the study was = 30%. The reason that pa-
tients did not want to participate was mainly because they were physically unable
or had psychological reasons. Of the 400 patients, 268 were enrolled in the study.
Fecal samples were collected on admission, at time of discharge, and 1 month after
discharge (azG = 83, azM = 94, azR = 91), and for 221 patients a fecal sample was
also collected 6 months after discharge (azG = 59, azM = 80, azR = 82).

There was no marked variation between the three patient populations, for mean
age (azG = 51, azM = 58, azR = 63), use of antibiotics (azG = 25%, azM = 30%, azR
= 18%) and hospitalization (azG = 27%, azM = 26%, azR = 32%) in the three months
prior to admission. Almost half of the azM patients were admitted for gastrointestinal
surgery (47%), whereas azR patients were admitted most often for vascular surgery
(49%) and azG patients for oncology related surgery (52%). The majority of patients
underwent surgery during hospitalization (azG = 99%, azM = 86%, azR = 98%). The
median length of stay for the populations of azG, azR, azM was 0, 8, and 10 days,
respectively.

Table 1 presents the consumption of antibiotics for systemic use during hospi-

talization. The percentages of patients receiving antibiotics in the patient popula-
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tions of azM, azR and azG were 93%, 62%, and 34%, whereas the percentages of
patients receiving antimicrobial prophylaxis were 78%, 49% and 34%, respectively.
In the azM population, co-amoxiclav was used for antimicrobial prophylaxis, and
41% also received co-amoxiclav for therapy. For the azR patients the antibiotics
used for therapy were diverse, whereas cefazolin with or without metronidazole
was exclusively used for prophylaxis. The azG patients were most often prescribed
ciprofloxacin for therapy (18%) and cefuroxime with or without metronidazole was

used for prophylaxis (Table 1).

Table 1. Consumption of antibiotics during hospitalization in the three patient populations

Antibiotic use in DDD per 100 bed days?
(no. of patients prescribed a specific antibiotic)

Antibiotic agent azM azR azG
Aminopenicillins 14(2) 0.1(1) -
Flucloxacillin 6.0 (3) - -
Co-amoxiclav 94 (81) 213 (8) 14.8 (4)
Cefazolin 0.2(1) 2.0 (44) 15(11)
Cefuroxime - 4.0(8) -
Ceftazidime 1.1(1) - -
Trimethoprim 0.5(1) - -
Co-trimoxazole 0.3(1) 1.6 (3) 0.8(2)
Erythromycin - 22(2) -
Clindamycin 27(3) 44(3) -
Aminoglycosides 4.5 (6) - 2.1(3)
Ciprofloxacin 13(4) 57(2) 13.7(17)
Metronidazole 0.8(1) 3.3(15) 1.1(4)
Nitrofurantoin 04 (1) - -
Total 113 45 34
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*from the 2002 edition of the ATC/DDD system

Antibiotic resistance

Table 2 presents the prevalence of antibiotic resistance for the samples with detectable

E. coli at the different time intervals. No significant differences in the prevalence
of resistance were found between admission, time of discharge, and 1 and 6 months
after discharge, both for the total population and for the separate hospitals. One
exception was the significant decrease in the prevalence of cefazolin-resistant E.
coli from the azM patients between discharge (17%) and 6 months thereafter (6%).
In addition, a similar decrease was found for the total patient population (p < 0.05).
The azM patients showed a significantly higher prevalence of cefazolin resistance on
admission, at time of discharge and 1 month after discharge compared with the azG

patients and also at time of discharge for the azR patients (p < 0.05) (Table 2).
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Table 2. The prevalence (%) of antibiotic resistance per hospital determined for samples with detectable E. coli®

After discharge
Admission Discharge 1 month 6 months
No. of fecal samples with detectable azG 50 53 63 40
E. coli azM 76 75 74 63
azR 57 71 70 70
total 183 199 207 173
Amoxicillin (25 mg/L) azG 28 30 39 35
azM 38 36 34 40
azR 32 41 39 34
total 28 36 38 36
Cefazolin (32 mg/L) azG o° ob 2 0
azM 9 17 12 6
azR 4 40 7 3
total 5 10 7 3¢
Ciprofloxacin (4 mg/L) azG 6 6 2 3
azM 3 4 4 2
azR 2 3 4 4
total 3 4 3 4
Gentamicin (16 mg/L) azG 2 4 0 0
azM 1 0 0 2
azR 2 4 2 3
total 2 3 1 2
] Nalidixic acid (32 mg/L) azG 4 6 3 8
o] azM 5 7 6 2
_§ azR 5 6 4 4
o total 5 6 4 4
66 Oxytetracycline (25 mg/L) azG 20 25 25 35
azM 30 33 36 35
azR 25 32 34 26
total 26 31 32 31
Trimethoprim (8 mg/L) azG 16 17 21 20
azM 22 23 18 21
azR 12 24 26 24
total 17 22 21 22

2 No resistance was found for nitrofurantoin (50 mg/L) and co-amoxiclav (32 mg/L)
® Significant difference compared with azM within a time interval (p < 0.05)
< Significant difference between discharge and 6 months after discharge within a hospital (p < 0.05)

DISCUSSION

Despite the dissimilarities in patient characteristics and the variations in quantities
and types of antibiotics used during hospitalization, no significant differences in
the prevalence of antibiotic resistance were observed between the three hospitals,
except for cefazolin resistance. Even when the overall prevalence of antibiotic re-

sistance remains stable at the different time intervals, the colonization density of
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resistant bacteria in the commensal flora could increase. When resistant bacteria
become part of the dominant flora, this enhances the chance of dissemination into
the environment and to other hosts. However, in the present study, the prevalence
of predominant resistant E. coli (degree of >50%) found in the patients’ fecal samples
was also found stable at the different time intervals (data not shown, p > 0.05).

Selection pressure by antibiotics is considered the most important factor in the
emergence of antibiotic resistance. The azM patients were mostly exposed to anti-
biotics. This high use of antibiotics can be explained by the fact that the majority
of azM patients underwent (clean-) contaminated surgery, which because of higher
infection risk is an indication for antimicrobial prophylaxis (6), whereas the major-
ity of azR and azG patients underwent ‘clean’ surgery (75% and 85% respectively).
However, the higher selection pressure in azM patients due to the use of co-amoxi-
clav, did not seem to have any effect on the observed prevalence of co-amoxiclav
or amoxicillin resistance. The patients that used antibiotics during hospitalization
showed a significant higher prevalence of cefazolin resistance at time of discharge.
One might speculate that the high use of co-amoxiclav induced the increase in ce-
fazolin resistance observed at time of discharge. The use of cefazolin for prophylaxis
in the azR did not seem to effect the prevalence of cefazolin resistance.

On surgical wards, antibiotic use is relatively low compared to other wards like
hematology or intensive care units. In addition, the average length of stay in these
wards is usually longer and patients are often severely immunocompromised, which
facilitates dissemination of and colonization by antibiotic-resistant bacteria. Studying
antibiotic resistance in these hospital populations would have lead perhaps to a
more pronounced effect on the prevalence of antibiotic resistance.

In this study, hospitalization did not seem to have any substantial effect on the
prevalence of antibiotic resistant E. coli at the different time intervals. However,
as our study population consisted of surgical patients with a relatively moderate
antibiotic use, and the prevalence of antibiotic resistance was only analyzed for fe-
cal E. coli, further investigation should be encouraged, as the understanding of the
interaction between different resistance reservoirs is important for directing future

intervention studies.
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ABSTRACT

Objectives. To compare three different chromogenic agars and MacConkey agar for
the detection of aerobic gram-negative bacteria in the normal intestinal microflora
and to assess the accuracy of the chromogenic agars for the direct identification of
Escherichia coli.

Methods. A total of 164 Gram-negative clinical isolates (E. coli, Proteus, Klebsiella,
Enterobacter, Morganella and Pseudomonas species) and 30 stool specimens were
inoculated in parallel on four media: Chromagar E. coli / Coliform, Chromogenic
urinary tract infection UTI medium, CHROMagar Orientation and MacConkey agar.
All colonies that differed by color and/or morphology were selected for further
identification by VITEK 1 and/or API 20E from each medium.

Results. On E. coli / Coliform agar five out of 32 (16%) E. coli strains failed to pro-
duce the color as described by the manufacturer. No remarkable discrepancies were
found for the other clinical isolates. There was no significant difference in detection
rate (DR) of aerobic gram-negative bacteria in stool specimens between the different
chromogenic agars and MacConkey agar. The overall DR was about 84%, and varied

from 100% for monomicrobial specimens to 33% for polymicrobial specimens. The

~
e positive predictive values (PPV) for the direct identification of E. coli on Chromagar
g E. coli / Coliform, Chromogenic UTI medium and CHROMagar Orientation were
v
- 1.00, 0.93 and 0.93, respectively. The negative predictive values (NPV) were 0.53,

0.68 and 0.69, respectively.

Conclusions. Chromogenic UTI medium and CHROMagar Orientation are the pre-
ferred media because of the higher NPV. The high PPV of these agars allows accurate
and rapid identification of E. coli.
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INTRODUCTION

MacConkey agar is the most widely used medium in the microbiological laboratory
for the isolation and differentiation of Enterobacteriaceae. This medium differenti-
ates aerobic gram-negative bacteria by detecting lactose utilization with a neutral red
indicator. As a result of the absence of any differential genus-specific indicator prop-
erty in the MacConkey agar, mixed gram-negative cultures are not always detected.
Several chromogenic agars, which have been available for some years, allow the
presumptive identification of aerobic gram-negative bacteria on the basis of colony
morphology and distinctive color patterns [1-6]. By means of chromogenic substrates
incorporated into the agar, chromogenic agar plates reveal genus- or species-specific
enzyme activities of microorganisms. Thus, these media may allow better discrimi-
nation of the different species in mixed cultures, resulting in greater sensitivity of
detection compared to MacConkey agar.

The present study was conducted in the course of a large epidemiological study
of antibiotic resistance among bacteria present in stool specimens of hospitalized
patients. The purpose of this study was to compare three different chromogenic
agars and MacConkey agar for the detection of aerobic gram-negative bacteria in the
normal intestinal microflora. As E. coli is the dominant aerobic gram-negative species
in the gut, the accuracy of the chromogenic agars for the direct identification of E.

coli was assessed.

MATERIALS AND METHODS

Culture media

Three chromogenic culture media (Chromagar E. coli / Coliform (Oxoid, Basing-
stoke, UK), Chromogenic UTI medium (Oxoid, Basingstoke, UK) and CHROMagar
Orientation (Becton Dickinson, Heidelberg, Germany) were compared. Chromagar
E. coli / Coliform and Chromogenic UTI medium were prepared from the dehydrated
media according to the manufacturers’ instructions. CHROMagar Orientation was
received as ready-made agar plates. MacConkey agar (Becton Dickinson) served as

the reference medium.

Determination of colony color

The identification of microorganisms is based on chromogenic substrates incorpo-
rated into the media to detect certain bacterial enzymes. The respective organisms

react with the chromogenic agents in such a way that the colonies take on a char-
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acteristic color and colony morphology. Chromogenic E. coli / Coliform medium is
supplemented with two different chromogenic agents: one allows for the detection
of R-glucuronidase and releases a blue dye, whereas the other chromogen detects
the presence of R-galactosidase and releases a pink to red dye. Chromogenic UTI
medium and CHROMagar Orientation are also supplemented with two chromogenic
agents which are cleaved by the enzymes R-galactosidase (pink to red dye) and
B-glucosidase (blue to blue-green dye). Additionally, tryptophan deaminase, an en-
zyme characteristically found in the Proteus-Morganella-Providencia (PMP) group
of organisms is detected on the latter two media by the production of a brownish,

diffuse pigment that stains the medium around the respective colonies.

Bacterial strains

A total of 164 isolates (E. coli (n=32), Klebsiella spp (n=28), Enterobacter spp (n=27),
M. morganii (n=26), Proteus spp (n=21) and P. aeruginosa (n=30)) were screened
for their colony colors on the three chromogenic agars. These clinical isolates, ob-
tained from blood cultures from hospitalized patients, were identified according to

local standard operating procedures and stored at —80°C. After subculturing on Co-

o
e lombia blood agar, the isolates were inoculated in parallel on the three chromogenic
g media by the same technician and incubated aerobically at 35 + 2°C. The color of
v

the isolates was determined after 18-24 hours and compared with the color catalog
72

of the manufacturers.

Stool specimens

Thirty stool specimens were used for the evaluation of the three chromogenic media.
The stool specimens were collected from surgical patients on admission to the hospi-
tal. The stool specimens were inoculated in parallel on the three chromogenic media
and on MacConkey agar. All four plates were inoculated by the same technician,
with 50 pL of 10? and 10 dilutions of the stool specimens in physiological saline.
The plates were incubated aerobically at 35 + 2°C and examined after 18-24 hours
for the colony characteristics. Dilutions with the highest variety of different colonies
were included in the final analyses. From each medium, all colonies that differed
by color and/or morphology were selected for further identification. A description
of colony appearance was recorded. At least three colonies were selected from the
MacConkey medium. When no differences in color and/or morphology were ob-
served these three colonies were randomly selected. After microscopic examination
(Gram-stain) all colonies were identified by VITEK 1 (bioMérieux, Marcy I'Etoile,
France) or API 20E system (bioMérieux). The accuracy of the presumptive identifica-
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tion of E. coli on the basis of colony color is described in terms of positive- and

negative predictive values.

RESULTS

Bacterial strains

Table 1 demonstrates the color reactions for the 164 clinical isolates on the three
different chromogenic agars. On E. coli / Coliform agar five out of 32 E.coli strains
failed to produce a purple color. These five isolates produced colorless colonies
and were B-glucuronidase negative as tested with the API 20E system. On both
the Chromogenic UTI and CHROMagar Orientation medium, the Proteus vuligaris
strains produced blue colonies, except for two strains that did not grow or yield
colorless/beige colored colonies. These two strains also did not grow on E. coli /
Coliform agar. Compared to the E. coli / Coliform medium, the Chromogenic UTI
and CHROMagar Orientation have the advantage of inhibiting swarming of Proteus
spp. No major discrepancies with the color catalogues of the manufacturers were

found for the other clinical isolates.

Table 1. Evaluation of color reactions of 164 clinical gram-negative isolates on three chromogenic media

Number of isolates with colors as described? /
total numbers of isolates®

Chromagar Chromogenic CHROMagar
Micro-organism E. coli / Coliform UTI medium Orientation
Enterobacter aerogenes 13/13 13/13 13/13
Enterobacter cloacae 13/14 14/14 14/14
Escherichia coli 27/32 32/32 32/32
Klebsiella pneumoniae 28/28 28/28 28/28
Morganella morganii 26/26 26/26 26/26
Proteus mirabilis 13/13 13/13 12/13
Proteus vulgaris 6/8 6/8 6/8
Pseudomonas aeruginosa 30/30 30/30 30/30
Total 156/ 164 (95%) 162/ 164 (99%) 163 / 164 (99%)

2The colors as described by the manufacturers of Chromagar E.coli/Coliform, Chromogenic UTI medium and CHROMagar
Orientation, respectively, were as follows: Enterobacter spp, pink/blue/blue; E. coli, purple/pink/pink; K. pneumoniae, pink/blue/
blue; M. morganii, colorless/brown/brown; Proteus mirabilis, colorless/brown/brown; Proteus vulgaris, colorless/blue/blue; P.
aeruginosa, straw/fluoresce/fluoresce.

> After 18-24h of incubation at 37°C.

Stool specimens

The total number of gram-positive and negative strains isolated from the Chromagar

E. coli / Coliform, the Chromogenic UTI medium, the CHROMagar Orientation and
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the MacConkey agar were 84, 83, 91 and 93, respectively. After identification tests
were performed for all isolates, the total number of different gram-negative micro-
organisms was determined for each of the 30 stool specimens. One specimen yielded
no growth of gram-negative microorganisms on all four media and 29 specimens
yielded growth on at least one of the four media. Fifteen stool specimens yielded
pure cultures of gram-negative bacteria and 14 mixed cultures.

Table 2 shows the distribution of gram-negative micro-organisms. E. coli was the
dominant isolate. A total of 47 gram-negative micro-organisms were isolated on at
least one medium. Two stool cultures yielded Acinetobacter spp. For one specimen
this microorganism was only detected on MacConkey; from the other specimen the
species were detected both on the MacConkey agar and the Chromagar E. coli /
Coliform. No significant differences in detection rate (DR) of Enterobacteriaceae in
stool specimens were found between chromogenic agars and MacConkey agar. The
overall DR was 84% (Table 2), and varied from 100% for monomicrobial specimens
to 33% for polymicrobial specimens (Table 3).

A total of 25 gram-positive microorganisms were isolated on at least one medium.
The DR of gram-positive microorganisms on the Chromagar E. coli / Coliform, the

Chromogenic UTI medium, the CHROMagar Orientation and the MacConkey agar

~

e were 48%, 64%, 76% and 44%, respectively.

g

<

b Table 2. Distribution of gram-negative bacteria recovered from 30 stool specimens on different media

74 Detected onany  Chromagar E. coli  Chromogenic UTI CHROMagar MacConkey agar®

medium? / Coliform® medium® Orientation®

Acinetobacter spp 2 1 - - 2
Citrobacter spp 4 4 1 3 2
Escherichia coli 27 26 27 27 26
Enterobacter spp 3 1 2 1 3
Hafnia alvei 2 - 1 - 1
Klebsiella spp 7 6 6 6 5
Morganella morganii 1 1 1 - -
Serratia spp 1 1 1 1 1
Total 47 40 39 38 40
Detection rate 85% 83% 81% 85%

2Total number of strains detected on at least one of the four media
°No significant difference (Chi-square; P value = 0.4)

Presumptive identification of E. coli on the basis of colony color

After 18-24 hours incubation, it was easy to discriminate between gram-positive
cocci and all other microorganisms on the basis of morphology alone. Gram-positive
cocci grew as very small colonies and were excluded from the analysis of the ac-

curacy of the identification of E. coli based on colony color. The remaining number
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Table 3. Detection rates of aerobic gram-negative bacteria in mono- and polymicrobial stool specimens

Number of stool specimens (detection rate)

1 micro-organism 2 micro-organisms 3 micro-organisms
(n=15) (n=8) (n=6)
Chromagar E. coli / Coliform 5(100%) 4 (50%) 1(17%)
Chromogenic UTI medium 5(100%) 3(38%) 1(17%)
CHROMagar Orientation 15 (100%) 2(25%) 2 (33%)
MacConkey agar 5(100%) 4 (50%) 1(17%)

Table 4. Accuracy of presumptive identification of E. coli on the basis of colony color

Number of E. coli strains

Chromagar Chromogenic CHROMagar Orientation
E. coli/ Coliform UTI medium
True positive strains® 26 26 26
False-negative strains 15 6 8
White colonies 4 3 6
Pink colonies 11 - -
Transparant colonies - 1 2
Blue colonies - 2 -
False-positive strains - 2 2
Citrobacter freundii - 1 -
Hafnia alvei - 1 -
Gram-positive rod - - 2
True negative strains 17 13 18
Positive predictive value 1 0.93 0.93
Negative predictive value 0.53 0.68 0.69

2The colors as described by the manufacturers’ of Chromagar E. coli / Coliform, Chromogenic UTI medium and CHROMagar
Orientation, respectively, were purple, pink and pink.

of microorganisms isolated from Chromagar E. coli / Coliform, Chromogenic UTI
medium and CHROMagar Orientation were 58, 47 and 54, respectively. The accuracy
of the three chromogenic media to identify E. coli by means of purple or pink colo-
nies is reported in Table 4. On the E. coli / Coliform medium 15 of the 41 isolated
E.coli strains did not produce a purple color. On the Chromogenic UTI medium and
CHROMagar Orientation the false-negative rates were six out of 32 strains and eight
out of 34 strains, respectively. The false positive rates were very low for the three
chromogenic media. The positive predictive values (PPV) for the direct identification
of E. coli on Chromagar E. coli / Coliform, UTI and Orientation were 1, 0.93 and
0.93, respectively. The negative predictive values (NPV) were 0.53, 0.68 and 0.69,

respectively.
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DISCUSSION

Infections caused by gram-negative bacteria continue to be a major problem for
hospitalized patients. According to the data from the National Nosocomial Infections
Surveillance System, gram-negative bacteria are the leading cause of nosocomial
infections in the United States [7]. The increase in antimicrobial resistance of these
microorganisms demands effective surveillance programs. Screening for resistant
bacteria in the fecal flora seems relevant for two reasons. Firstly, the gastrointestinal
tract may be the reservoir of bacteria that cause clinical infections [8]; secondly, fecal
bacteria, whether they cause infections or not, might act as a reservoir of mobile
resistance genes [9].

Different methodologies have been used for the screening of stool specimens
for antimicrobial resistant strains. Osterblad et al. compared two frequently applied
methods: 1) the replica plating method, i.e. the comparison of growth on antibi-
otic-free and antibiotic containing plates and 2) the selection of five colonies with
different appearances from the MacConkey medium which are subsequently tested
for resistance by an agar dilution method [10]. The rate of resistance detection by

these two methods did not differ statistically for any of the antibiotics tested. In most

~
e studies, fecal isolates were only classified on the basis of colony morphology and
g Gram stain [11, 12]. Other studies focused only on E. coli as indicator bacterium of
v

the intestinal flora [13, 14]. As the prevalence of resistance varies between species, it
76

is essential to discriminate between the different gram-negative bacteria [15].

In the present study three chromogenic agars were compared with the MacConkey
agar for the detection of aerobic gram-negative fecal cultures. No significant differ-
ences in overall DR of Enterobacteriaceae in stool specimens were found between
chromogenic agars and MacConkey agar. To our knowledge DR of Enterobacte-
riaceae in stool specimens are not known from other studies using chromogenic
media. The DR corresponded well however to the rates of urinary tract pathogens
described in previous studies using these media [1, 2]. Hengstler et al. did not find
any differences in recovery of gram-negative bacteria from urine specimens between
the two chromogenic media and the MacConkey agar [2]. In another study five chro-
mogenic media were compared for the detection of urinary tract pathogens. The DR
in monomicrobial specimens varied from 94 to 100% (361 samples), in polymicrobial
specimens from 90 to 96% (94 samples) [1]. In our study on stool specimens the
DR for monomicrobial specimens was 100% and for polymicrobial specimens only
17-50% (Table 3). Although the sample size in our pilot study was small it appears
that in these polymicrobial samples the dominant bacteria were always detected on
MacConkey agar and on the three chromogenic media. Microorganisms that were

not detected on either one of the four media were often present at very low colony
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counts. Therefore, chromogenic media and the MacConkey agar are equally accurate
when the objective is to study the dominant microorganisms in the fecal flora.

Although no difference in detection rate was found, the easy recognition of simul-
taneous growth of multiple organisms on colony color can be advantageous as can
be explained by the following example. In a study of antimicrobial resistance using
the “5 colony picking method* [10], one can define an algorithm for the selection of
colonies from the agar. If, for example, 80 pink colonies and 20 blue colonies grow
on a chromogenic agar, the proposed algorithm would result in selecting 4 pink and
1 blue colony for the antimicrobial resistance testing. This method leads to a propor-
tional sampling of the dominant flora that is not possible with MacConkey agar.

In previous studies on antibiotic resistance about 60% of the isolated gram-negative
bacteria from stool specimens were identified as E.coli [4/ . Accurate identification
of E.coli on colony color may considerably reduce time and costs of fecal screening
programs. In our study Chromagar E. coli / Coliform showed a high rate of false
negative strains; 15/41 (37%) strains did not react with the chromogenic substrate.
From other studies it is reported that about 95-98% of E.coli isolates produce R-
glucuronidase [16, 17]. Carricajo and Hengstler found percentages from 84-91% [1,
2]. Chromogenic media supplemented with a chromogenic agent that interacts with
B-glucuronidase, as in Chromagar E.coli / Coliform, are therefore not accurate for
rapid identification of E. coli owing to the low sensitivity. However, the high sensitiv-
ity of the other media combined with a high PPV often leads to a rapid and correct
detection of E.coli.

Standard inocula for antimicrobial susceptibility testing are usually prepared by
subculturing colonies from the chromogenic media and MacConkey agar to blood-
based media or Mueller-Hinton agar. Samra et al. compared the accuracy of an-
timicrobial susceptibility testing by picking isolates from CHROMagar Orientation
with the technique of picking isolates from MacConkey agar [5]. The antimicrobial
susceptibilities of these isolates were determined by the disk diffusion technique
according to the National Committee for Clinical Laboratory Standards (NCCLS). The
numbers of susceptible isolates were identical. These investigators did not observe
significant differences between the numbers of intermediate and resistant gram-
negative isolates. From the study of Samra et al. we conclude that the chromogenic
substances do not interfere with the susceptibility test results.

In summary, chromogenic agars are reliable media for the detection of aerobic
gram-negative bacteria in the normal intestinal microflora. The easier recognition of
different colonies on these media in particular, is a major advantage. The Chromo-
genic UTI medium and the CHROMagar Orientation are the preferred media because
of higher negative predictive values. The high positive predictive values of these

chromogenic agars allow accurate and rapid identification of E. coli.
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ABSTRACT

The colonization and resistance dynamics of aerobic gram-negative bacteria in the
intestinal and oropharyngeal microflora of patients admitted to intensive care units
(ICU) and general wards were investigated during and after hospitalization. A total
of 3316 specimens were obtained on admission, once weekly during hospitalization,
at discharge from the ICU, at discharge from the hospital and one and three months
after discharge from the hospital. Five colonies per specimen were selected for iden-
tification and susceptibility testing. In both patient populations, the gram-negative
colonization rates in oropharyngeal specimens increased during hospitalization and
did not decrease in the three months after discharge. In rectal specimens, coloniza-
tion rates decreased during hospitalization and increased after discharge. There was a
change in species distribution among the dominant microflora during hospitalization.
Klebsiella spp, Enterobacter spp, Serratia marcescens and Pseudomonas aeruginosa
were isolated more often, whereas the frequency of Eschericia coli declined. The
percentage of ICU patients colonized with ampicillin- and/or cephalothin-resistant
fecal E. coli was significantly increased at discharge from the hospital and did not

change in the three months after discharge. The emergence of multidrug resistance

o
e was observed for E. coli during patient stays in the ICU. Resistance frequencies in
g E. coli significantly increased with the length of stay in the ICU. For the general
v

ward population, no significant changes in resistance frequencies were found during
80

hospitalization. From a population perspective, the risk of dissemination of resistant
gram-negative bacteria into the community through hospitalized patients appears to
be low in general ward patients but is noticeably higher among ICU patients.
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INTRODUCTION

Hospitals are considered particularly important for the containment of antimicrobial
resistance. The combination of seriously ill patients, intensive use of antibiotics and
cross-colonization has resulted in nosocomial infections with highly resistant bacterial
pathogens (1-3). Infections caused by antibiotic resistant microorganisms are associated
with higher mortality and morbidity rates and higher costs than are antibiotic-sensitive
bacterial infections (4-6). The prevalence of resistance for nearly all important mi-
cro-organism/antibiotic combinations is generally higher among isolates from patients
hospitalized on intensive care units (ICU) than that among non-ICU inpatients (7-9).
Enterobacteriaceae and Pseudomonas aeruginosa have emerged as major causes of
nosocomial infections and account for approximately 30% and 5%, respectively, of
all bloodstream infections (10, 11). Antibiotic resistance surveillance programs have
demonstrated an increase in resistance among these gram-negative pathogens (9-11).

Bacterial colonization is often a first step in the pathogenesis of nosocomial infec-
tions (12). Therefore, the choice of empirical antibiotic therapy depends, at least
partly, on the colonization and resistance dynamics of the normal microflora.

Different mechanisms may lead to colonization of hospitalized patient with resis-
tant strains (13, 14). First, these strains may enter the hospital upon the admission
of patients already colonized with resistant strains. Secondly, during hospitalization,
susceptible bacteria may develop resistance due to genetic mutations or through
transfer of resistance genes. Thirdly, resistance may emerge through induction of
genes that are already present in susceptible bacterial subpopulations. A lack of
hygiene and infection control may facilitate the spread of these resistant bacteria
from patient to patient (12).

After discharge, patients may remain colonized with resistant bacteria acquired in
the hospital, and these may subsequently spread into the community. Whether re-
sistant strains will survive and replicate depends largely on the selection pressure
exerted by antibiotics. In the late 1960s and 1970s, numerous colonization studies were
performed to clarify the epidemiology of nosocomial infections with resistant bacteria
(15-23). These studies may now be of limited value due to major changes in antibiotic
and patient characteristics. Other colonization studies in hospitalized patients have
been based on single cultures from individual patients, without longitudinal follow-up
during and after hospitalization (24-26). Moreover, isolates were often not identified
up to the species level and were described as coliforms or aerobic gram-negative
bacteria (16, 19, 24, 25). In these studies, an observed increase in resistance in Entero-
bacteriaceae may in fact have been the result of a shift in species distribution (20).

We therefore decided to design a prospective observational study with the aim

to accurately assess the epidemiology of aerobic gram-negative colonization and
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antibiotic resistance in the oropharyngeal and intestinal microflora of hospitalized

patients from admission up to three months after discharge.

METHODS

Patients and study design

Setting. Erasmus MC is a 1,200-bed university, referral hospital in Rotterdam, The
Netherlands. The study was conducted at two ICU’s (surgical and neurosurgical) and
five general wards including the departments of internal medicine, pulmonology,
neurosurgery, urology and gastro-enterology. Patients were enrolled into the study
between November 2000 and July 2003. The study was approved by the Medical Ethics
Committee and informed consent was provided before participation in the study.
Inclusion and exclusion criteria. Patients were eligible for the study if they met all
of the following criteria: =18 years of age; the length of stay was expected to be = 5
days, and informed consent was given by the patient or his/her representative. The
exclusion criteria for patients on general wards were as follows: preceding admission

to an ICU or another general ward during the same hospitalization, the presence of

o
e an ileostoma, and a diagnosis of human immunodeficiency virus infection, tubercu-
g losis or cystic fibrosis. The same criteria were applicable for ICU patients except that
v

preceding admission to a general ward was allowed.
82

Collection of specimens. Rectal swabs (or stool specimens) and oropharyngeal swabs
were obtained within 48 hours of admission, once a week if the length of stay was
more than 7 days, at discharge from the ICU (ICU-patients only), and at discharge
from the hospital. At discharge from the hospital and 1 and 3 months after discharge,
patients were contacted by mail to send in a stool specimen and an oropharyngeal
swab. A reminder was sent to non-responders 1 week later. Persistent non-responders
were contacted again at subsequent times, 1 and 3 months after discharge.

Data collection. The following data were collected: age; gender; reason for admis-
sion; severity of acute illness on admission, graded according to the simplified acute
physiologic score (SAPS) for ICU patients (27); co-morbidity on admission according
to the definitions of the Dutch National Intensive Care Evaluation (http://www.
stichting-nice.nD); residential status 48 hours before admission; hospitalization his-
tory in the 3 months prior to admission; and the consumption of antibiotics during
hospitalization. Community pharmacies were asked for information about the use of
antibiotics in the three months prior to and after hospitalization. Patients provided
written informed consent for the acquisition of these medication lists.

Antibiotic use during hospitalization was expressed as the number of Defined

Daily Doses (DDD) per 100 bed days whereas the use before and after hospitaliza-
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tion was expressed as the number of DDDs per 100 inhabitant days. We used the
DDDs of antibiotics for systemic use listed in the Anatomical Therapeutic Chemical
(ATC) Classification System 2003 (28).

Microbiological methods

Isolation of gram-negative bacteria. All patient specimens were collected and ana-
lyzed at the microbiological laboratory of the Erasmus MC. Stool specimens were
collected in plastic containers, and oropharyngeal and rectal swabs were transported
in Amies transport medium. Stool specimens were diluted 1:10 in physiological saline
containing 20% glycerol and stored at —20°C. After thawing, 10 and 10+ dilutions in
physiological saline were inoculated on chromogenic plates (Chromagar Orientation
(Becton Dickenson, Heidelberg, Germany).

Swabs were diluted in 1 ml of Stuart transport medium and stored at —80°C until
assayed. After thawing the samples were diluted further. Fifty microliters of the
undiluted suspension and 50 pl of a 10" dilution in physiological saline were inocu-
lated onto chromogenic plates. The plates were incubated aerobically at 37°C and
examined after 18-24 hours for growth and colony characteristics. The dilution with
a countable number of colonies (=100) was used for the selection of colonies. If both
dilutions yielded countable numbers of colonies, the dilution with the highest variety
of different colonies was chosen. If no difference existed between the two dilutions,
the lowest dilution was chosen. Five colonies were selected for further identification.
An algorithm was developed for the selection of these five colonies. This method
led to proportional sampling of the microorganisms present at concentrations above
the detection limit; e.g., if 60 pink colonies and 40 blue colonies grew on the chro-
mogenic agar, then the proposed algorithm resulted in selecting three pink and two
blue colonies. When no differences in color and/or morphology were observed, five
colonies were randomly selected.

Identification. In a previous study, we concluded that Chromagar Orientation al-
lows the accurate identification of E. coli by colony color (29). Pink colonies were
therefore directly identified as E. coli. The identification of other colonies was done
with the VITEK 2 system (bioMerieux, Marcy I'Etoile, France) with proprietary data
management software (version: VI2-R02.03) by using ID-GNI cards after subcultur-
ing on Colombia blood agar.

Determination of susceptibility. Minimal inhibitory concentrations (MICs) were de-
termined by the VITEK 2 system using AST-N010/020 cards. The breakpoints of the
National Committee for Clinical Laboratory Standards (NCCLS) were applied (30).
The Advanced Expert System of the VITEK 2 system (version: AES.R02.00N) was
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used for all readings and interpretations of susceptibility results. E. coli (ATCC 25922
and ATCC 35218) and P. aeruginosa (ATCC 27853) were used as reference strains.

Data analysis

Patients were considered eligible for analysis when at least one consecutive sample
was taken following the sample upon admission and when the length of stay was
= 5 days. Samples collected once weekly during hospital stay were categorized as
“during stay”. When no sample was taken on the day of discharge from the ICU,
the last sample taken during stay was considered as being representative for the
colonization and resistance status at discharge and was therefore categorized as
such. When patients died during stay on the ICU, the last sample taken was also
categorized as “during stay”.

The percentage of patients colonized with resistant bacteria at different times was
calculated for each antibiotic. We selected one isolate per patient with the most
resistant result for that particular antibiotic. To test for differences in resistance fre-
quencies between the different times, we used the chi-square test or Fisher’s exact

test (in case of low (= 5) cell numbers).

o
e Multidrug resistance was defined as oropharyngeal and/or rectal colonization with
k3 at least one isolate that was resistant to three or more of the antibiotics tested. The
v

chi-square test was used to test for differences in multidrug resistance.
84

We used logistic regression analysis to assess whether resistance frequencies in
bacteria were associated with length of stay in the ICU. P values of < 0.05 were con-
sidered significant. The data were analyzed by using SPSS 11.0 for Windows (SPSS
Inc., Chicago, Illinois) and GraphPad Prism version 3.0 for Windows (GraphPad
Software, San Diego, California).

RESULTS

Inclusion and follow-up of the study population

A total of 200 ICU and 319 general ward (GW) patients were included in this pro-
spective study. The data for 17 ICU and 91 GW patients were not analyzed. The
reasons for withdrawal from the analyses were a length of stay of less than 5 days
(for the ICU group, n = 9; for the GW group, n = 52) and no collection of a second
specimen following admission (for the ICU group n = 8; for the GW group 7 = 39).

Table 1 shows the characteristics of the two enrolled populations. The number of
ICU and GW patients analyzed at the different times are presented in Table 2. Patients

were lost to follow-up as a result of death, transfers, and withdrawal from the study.
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Thirty-six patients (19.6%) were already hospitalized on a GW before admission to
the ICU (Table 1). The median length of stay on the participating units was 12 days
(range, 5 to 119 days) for the ICU patients (12 = 183) and 10 days (5 to 116 days) for
the GW population (2 = 228). Patients who died during stay on the ICU had a median
length of stay of 22 days (range, 7 to 119 days; n = 25). The median length of stay in
hospital after discharge from the ICU was 15 days (range, 0 to 281 days; 77 = 158).

Bacterial strains

In total, 3,316 specimens from 411 patients were collected. From these specimens
6,069 gram-negative bacteria (3,941 E. coli, 755 Klebsiella spp, 497 Enterobacter spp,
243 Pseudomonas spp, 249 Serratia marcescens and 384 other Enterobacteriaceae)

were isolated, identified and tested for antimicrobial resistance.

Table 1. Patient characteristics upon admission

Characteristic Intensive care units General wards
(n=183) (n=228)
Age (mean = SD), yrs 559+ 15.6 57.1+14.0
Men, n (%) 120 (65.6) 135(59.2)
Reason for admission, n (%)
Surgery
Abdominal 53(29.0) 2(0.9)
Neurosurgery 32(17.5) 67 (29.4)
Transplantation 14(7.7) -
Urologic surgery - 46(20.2)
Other surgery 20(10.9) -
Trauma 29(15.8) 1(04)
Medical
Abdominal - 20(8.8)
Neurologic disorder 13(7.1) 1(0.4)
Obstructive pulmonary disease 5(2.7) 54(23.7)
Other medical disorder 17(9.3) 37(16.2)
Residential status 48 hours before admission, n (%)
Community 145(79.2) 228 (100)
General ward at Erasmus MC 29(15.8) -
General ward at other hospital 7(3.8) -
Other 2(1.1) -
SAPS Il on admission (mean + SD)? 33.5(13.9) -
Admissions with comorbidity®, n (%) 54(29.5) 84 (36.8)
Hospitalization 3 months prior to admission 101 (55.2) 52(23)
Use of antibiotics 3 months prior to admission 42 (23) 57 (25)

2 Simplified Acute Physiology Score(27)

® According to the definitions of the Dutch National Intensive Care Evaluation (www.stichting-nice.nl). Comorbidity was defined
as at least one of the following disorders: decreased immunity, respiratory insufficiency class IV according to New York Heart
Association (NYHA), cardiovascular insufficiency class IV according to NYHA, cirrhosis, hematologic malignancy, AIDS, neoplasm
with metastases, or chronic renal failure.
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Species distribution during and after hospitalization.

ICU-population. A total of 1,580 specimens, 788 of which were fecal and 792 of
which were oropharyngeal, were studied. The percentage of fecal samples with
detectable aerobic gram-negative bacteria varied from 27% for samples collected
during stay on the ICU to 84% for samples collected 3 months after discharge from
the hospital (Table 2). A significant increase in the frequencies of Klebsiella spp (p =
0.001) and P. aeruginosa (p < 0.001) and a significant decrease in the frequency of
E. coli (p < 0.001) were found in the intestinal microflora at discharge from the ICU.
At discharge from the hospital, the frequencies of the different species were the same
as those upon admission to the ICU, with the exception of P. aeruginosa.

Upon admission of patients to the ICU, 18% of the oropharyngeal samples yielded
gram-negative bacteria. For samples collected during stay in the ICU, at discharge
from the ICU, at discharge from the hospital, and 1 and 3 months after discharge
from the hospital, these percentages were 43, 27, 42, 31 and 33 %, respectively.
During hospitalization, the frequency of E. coli in oropharyngeal samples decreased
significantly from 43.1% upon admission, to 26.9% at discharge from the ICU (p =
0.001) and finally to 13.0% (p < 0.001) at discharge from the hospital. One month

after discharge from the hospital, the frequency of E. coli had already increased

‘;Q; to 28.3% (p = 0.006). The frequency of P. aeruginosa in oropharyngeal samples
g increased significantly during hospitalization, from 6.0% upon admission to 13.2% at
v

” discharge from the ICU (p = 0.02) but did not decrease during the first 3 months after

discharge from the hospital. The frequency of S. marcescens increased significantly
during hospitalization, from 1.0% at discharge from the ICU to 14.6% at discharge
from the hospital (p < 0.001), but decreased to 4.1% in the 3 months after discharge
from the hospital (p = 0.004).

General ward population. A total of 1,736 specimens, 881 of which were fecal and
855 of which were oropharyngeal, were studied. The number of fecal samples with
detectable aerobic gram-negative bacteria varied from 43.8% for samples collected
weekly during stay on the general ward to 74.8% for samples collected 3 months
after discharge from the hospital (Table 2). A significant increase in the frequency
of Klebsiella spp and a significant decrease in the frequency of E. coli were found
in the intestinal microflora at discharge from the general wards (Table 2). However,
3 months after discharge from the hospital, the frequencies of the different species
were almost the same as those upon admission.

Upon admission of patients to the general ward, 1.1 % of the oropharyngeal samples
yielded detectable gram-negative bacteria, whereas for samples collected during stay
in the hospital, at discharge from the hospital, and 1 and 3 months after discharge
hospital, these percentages were 3.4, 12.4, 19.4 and 20.3 %, respectively. From these

oropharyngeal samples, 57 E. coli isolates, 348 other Enterobacteriaceae isolates and
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gram-negative bacteria

Colonization and resistance dynamics:
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42 P. aeruginosa isolates were cultured. The number of isolates from the oropharyn-

geal samples was too small to compare the species distribution over time.

Percentage of patients colonized with resistant E. coli during and after hospitalization.

The percentage of ICU patients colonized with ampicillin- and/or cephalothin-resistant
fecal E. coli was significantly increased at discharge from the hospital and did not return
to baseline in the three months after discharge (Table 3). Trimethoprim-sulfamethoxa-
zole resistance fluctuated remarkably, with the lowest resistance rate after discharge
from the ICU and the highest rate 3 months after discharge from the hospital.

For the general ward population, no significant differences in resistance frequen-
cies were found during hospitalization (Table 3). However, the percentage of pa-
tients colonized with trimethoprim-sulfamethoxazole-resistant E. coli increased sig-
nificantly from 8.3% at discharge from the hospital to 16.1% 1 month later. For both
populations, the number of E. coli isolated from oropharyngeal samples at the times

were too small to allow a comparison of resistance frequencies over time.

Effect of length of stay on antibiotic resistance in E. coli during hospitalization

Resistance in E. coli isolated from oropharyngeal swabs was significantly associated

with the length of stay in the ICU (by logistic regression, the P values were < 0.001

100
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clavulanic
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Figure 1. Effect of length of stay on antibiotic resistance in Escherichia coli isolates from the oropharynxes of
patients admitted to the intensive care unit.

Margreet BW.indd 89 27-10-2005 17:44:30



for ampicillin, amoxicillin-clavulanic acid, cephalothin, cefuroxime and cefoxitin)
(Figure 1). Similar results were found for E. coli strains isolated from rectal swabs
that were taken weekly. Additionally, for rectal E. coli, the length of stay was also
significantly associated with resistance to ceftazidime. However, we did not notice a
significant trend of increasingly resistant E. coli strains with increasing lengths of stay

among general ward patients.

Table 4. Frequency of common co-resistance patterns in E.coli isolated on admission and during hospitalization®

Intensive care unit (ICU) General ward
(No. of patients (%)) (No. of patients (%))
Antibiotic(s) Upon admission During stay in ICU¢ Upon admission  During stay in general
(n=183) (n=183) (n=228) ward (n =228)

AMP 12(6.6) 17(93) 10 (4.4) 15(6.6)
CEF - 3(1.6) - -
SXT 3(1.6) 4(2.2) 3(1.3) 3(1.3)
AMP PIP 5(27) 9(4.9) 7(3.1) 9(39)
AMP SXT 8(4.4) 10(5.5) 5(2.2) 14 (6.1)
AMP CEF 2(1.1) 3(1.6) - -
AMP CIP - 2(1.1) - -
AMP PIP SXT 2(1.1) 7(3.8) 8(3.5) 11(4.8)
AMP PIP CEF - 2(1.1) 3(1.3) -

- AMP AMC CEF FOX - 3(1.6) - -

m AMP AMC CEF FOX CXM - 5(27) -

g AMP AMC CEF FOX CXM PIP - 2(1.1) -

5 AMP AMC CEF FOX CXM CAZ - 2(1.1) -

90 ?For each location and time resistance patterns are presented that occurred in at least 1% of the patients.

The antibiotics tested were ampicillin (AMP), piperacillin (PIP), amoxicillin-clavulanic acid (AMC), piperacillin-tazobactam (TZP),
meropenem (MEM), cephalotin (CEF), cefuroxime (CXM), cefoxitin (FOX), ceftazidime (CAZ), cefepime (FEP), gentamicin (GEN),
ciprofloxacin (CIP) and trimethoprim-sulfamethoxazole (SXT).

CIncluding samples at discharge

Multidrug resistance of E.coli on admission and during stay on ICU and general wards

Upon admission to the ICU, 25 (14%) patients were colonized with at least one E.
coli isolate that was resistant to one or more antibiotics. During stay in the ICU,
the number increased to 50 (28%) patients. Resistance was most often observed
against ampicillin, ampicillin and trimethoprim-sulfamethoxazole, or ampicillin and
piperacillin (Table 4). Multidrug resistance (resistance to three or more antibiotics)
was observed in five (3%) patients. Five E. coli strains, all from one patient, were
resistant to all penicillins and cephalosporins and were producers of extended spec-
trum beta-lactamases. During stay in the ICU, the number of patients colonized with
multidrug-resistant E. coli increased significantly, to 28 (15%) (p < 0.001).

Upon admission to the general ward, 37 (16%) patients were colonized with at

least one E. coli isolate that was resistant to one of more antibiotics. During stay
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on the general ward, the number increased to 44 (19%) patients. Resistance was
most often observed against ampicillin, ampicillin and piperacilin, ampicillin and
trimethoprim-sulfamethoxazole, or ampicillin, piperacillin and trimethoprim with
sulfamethoxazol (Table 4). Multidrug resistance was found in 17 (7%) patients and
did not change during hospitalization.

Multidrug resistance of Enterobacter spp, Klebsiella spp and P. aeruginosa during stay in the ICU
and general wards

During stay in the ICU, five (3%) patients were colonized with at least one Entero-
bacter spp that was resistant to three or more antibiotics. An analysis of susceptibility
patterns showed that almost half of these Enterobacter isolates showed combined
resistance to cefuroxime, piperacillin, ceftazidime, piperacillin/tazobactam and
ciprofloxacin. Multidrug resistance in Klebsiella spp was detected in two patients,
whereas four patients carried multidrug resistant P. aeruginosa.

During stay on the general wards, resistance towards three or more antibiotics was

only detected for three Klebsiella spp isolated from one patient.

Antibiotic use before, during and after hospitalization

The percentages of ICU and general ward patients receiving antibiotics during the
3 months preceding hospitalization were 23 and 25% respectively (Table 1). Before
hospitalization, the ICU and general ward population used 7 and 5 DDD/100 inhabit-
ant-days, respectively. The total use of antibiotics during stay in the ICU was 180
DDD/100 bed days. The use of ampicillin and piperacillin, amoxicillin/clavulanic
acid and piperacillin/tazobactam, cephalosporins, third generation cephalosporins,
carbapenems, fluoroquinolones and aminoglycosides represented 8%, 53%, 5%, 2%,
3%, 11% and 5% of total consumption, respectively, in the ICU. After discharge from
the ICU, 71 DDD/100 bed days was used in the general ward. The general ward
population used 67 DDD/100 bed days during stay on the general ward. During the
3 months after discharge from the hospital, the general ward population consumed
7 DDD/100 inhabitant-days whereas the ICU population used 5 DDD/100 inhabit-
ant-days.
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DISCUSSION

This study documents several interesting features of the colonization and resistance
dynamics of aerobic gram-negative bacteria in the intestinal and oropharyngeal mi-
croflora of patients admitted to ICUs and general wards in a tertiary care hospital.
Intestinal colonization rates. Large differences in the prevalence of intestinal
colonization by gram-negative bacteria were observed at different times. The lowest
colonization rate was observed during hospital stays both in the ICU and in the gen-
eral ward population. Colonization rates increased after discharge from the hospital.
Several factors may have contributed to the differences in gram-negative colonization
rates. First, the use of antibiotics might have suppressed the gram-negative bacteria
to concentrations below the detection limit (31). In that case, the results would re-
flect hospital practice. This hypothesis is supported by the fact that the colonization
rates at different times and between the two populations were inversely related to
the measured levels of antibiotic use. Thus, the higher the levels of antibiotics used,
the lower the gram-negative colonization rate. Secondly, either fresh stool specimens
or rectal swabs were collected, and a bias may have been introduced at this point.

For the ICU population, all patient samples upon admission and at discharge from

)
e the ICU were collected with rectal swabs, whereas at discharge from the hospital,
g stool specimens were collected. For the general ward population, the percentages of
v

cultures that were as rectal swabs upon admission and at discharge from the hospital
922

were 77 and 45%, respectively. For both populations, stool specimens were collected
1 and 3 months after patients were discharged from the hospital. We collected these
different specimens on the assumption that no differences in recovery exist between
the two sampling methods (32). In a pilot study that was performed on healthy
individuals prior to the present investigation, no differences in the predominant flora
recovered from both types of specimens were found (data not shown). Although
clear instructions for the collection of swabs from the rectum were given, one cannot
exclude that swabs may occasionally have been taken from the perineum. Thirdly,
the recovery of gram-negative bacteria from frozen specimens might have been
suboptimal. However, the observations of Bonten et al.(32) do not support this
theory. Other studies have also reported low colonization rates of gram-negative or
gram-positive bacteria in hospitalized patients (33-35).

Oropharyngeal colonization rates. For both patient populations, the prevalence
of oropharyngeal colonization by gram-negative bacteria increased during hospital-
ization, and these rates were still increased three months after discharge from the
hospital. This phenomenon has not been reported previously. We are unaware of
any studies that have documented colonization rates with gram-negative bacteria

after the discharge of patients from intensive care units and general wards. The very
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low colonization rate upon admission in general ward patients is consistent with the
results of a recent study demonstrating that healthy individuals rarely carry oropha-
ryngeal gram-negative bacteria (36). Previously, the severity of underlying disease,
mechanical ventilation, and the presence of nasogastric feeding tubes were associ-
ated with oropharyngeal gram-negative colonization (37-39). Differences in coloni-
zation rates between the ICU and general ward population and the high colonization
rate in specimens obtained during stay on the ICU confirm these earlier findings.

Species distribution. A change in species distribution among the dominant micro-
flora was observed during hospitalization. Suppression of the normal intestinal flora
was more pronounced in the ICU population than in the general ward population.
The normal intestinal and oropharyngeal microflora was frequently replaced with
Klebsiella spp, Enterobacter spp, S. marcescens and P. aeruginosa. Previous studies
have also found that hospitalization has an impact on the species distribution of the
aerobic gram-negative fecal flora (20-23).

Prevalence of resistance. For this study, we analyzed the resistance data from a
population perspective. A limited number of changes in the prevalence of resis-
tance were found among the different time points. The percentage of ICU patients
colonized with ampicillin- and/or cephalothin-resistant fecal E. coli was significantly
increased at discharge from the hospital. These frequencies did not change during
the 3 months after discharge. In The Netherlands, resistance rates to most anti-
biotics are among the lowest in Europe (40). Ampicillin/amoxicillin, piperacillin,
first generation cephalosporins and trimethoprim-sulfamethoxazole are commonly
used antibiotics in the hospital and/or in the community (41, 42). Amoxicillin is the
most frequently used first-line antibiotic in Dutch primary health care (41). The first
generation cephalosporin cefazolin is the drug of choice for surgical prophylaxis
(43). The persistence of ampicillin and cephalothin resistance in fecal E. coli strains
in ICU patients might have consequences for the empirical regimens and surgical
prophylaxis used by these patients up to 3 months after discharge. For the general
ward population no significant differences in resistance frequencies were found
during hospitalization. In a previous study, we assessed the prevalence of resistance
of E. coli in the intestinal flora of surgical patients upon admission to the hospital, at
discharge, and 1 and 6 months after discharge. We found no changes between the
different time points (34). As far as we know, no other recent study has measured
antibiotic resistance in the intestinal or oropharyngeal microflora during and after
hospitalization.

It might be interesting to look for changes in resistance patterns at the individual
patient-level. The observed increase in multidrug resistance during stay in the ICU
and the increase in resistance with increasing lengths of stay for these patients are

supportive of this approach. If changes in resistance do occur at the level of indi-
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vidual patients, then an examination of risk factors for the acquisition of antibiotic
resistance can be performed (44). It is likely that the more frequent use of antibiotics
in the ICU population results in the development of resistance at the level of indi-
vidual patients (45).

Selection bias. For the present study, different numbers of patients were present at
the various time points examined. There is some risk of bias due to the differential
loss of follow-up of sicker individuals. In a previous study, it was demonstrated
that as the length of ICU stay increased, the incidence of nosocomial infections and
antibiotic resistance also increased (46). The observed increasing resistance with
increasing length of stay in the ICU may therefore be due to the selection of sicker
individuals who use more antibiotics. Three months after discharge, specimens were
collected from 61% of patients with an ICU stay of shorter than 12 days and from
38% of patients with a stay of more than 12 days. Moreover, 44 ICU patients and
133 general ward patients could be tracked right through the entire project (all
specimens were taken appropriately). We recalculated the resistance rates for these
subpopulations. For both populations the same “trends” were observed as those for
the entire study population. Therefore, the selection bias appears to be limited.

External validity. Whether the results of this study are representative of the condi-

%)
< tions in other hospitals mainly depends on the studied population and the effective-
k3 ness of infection control measures taken to prevent cross-colonization. We suppose
v
. that most of the observed trends will be universal and can be extrapolated to other
4

hospitals. However, we expect changes to be more extreme with higher consump-
tion of antibiotics. Our findings suggest only modest changes, but this may be due
to the stringent usage of antibiotics and intensive infection control measures used in
our hospital and in Dutch hospitals in general (41, 42, 47).

For the present study, only patients with a length of stay of 5 days or longer were
included, since we hypothesized that these patients were at risk for the acquisition
of resistant strains. In addition, patients with human immunodeficiency virus infec-
tion, tuberculosis and cystic fibrosis were excluded. It is known that these patients
use large volumes of antibiotics and are at high risk for the development of resistant
microorganisms. The attribution of this relatively small group of patients to the dis-
semination of resistant stains into the community by the total hospital population
was not taken into account.

In summary, the results of this study show that in patients in the ICU as well as in
general ward patients, intestinal colonization rates with gram-negative bacteria are
low during hospitalization and increase after discharge from the hospital. Suppres-
sion of the normal intestinal microflora is more pronounced for ICU patients than for
general ward patients and is reversible. Oropharyngeal colonization rates increase

during hospitalization and remain high during the 3 months after discharge from the
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hospital. From a population perspective, the risk of dissemination of resistant gram-
negative bacteria in the community through hospitalized patients appears to be low
for general ward patients but is noticeably higher among ICU patients. Antimicrobial
resistance that emerges during the hospitalization of ICU patients may persist after
discharge for at least 3 months. Whether bacterial, host or community determinants

are responsible for this phenomenon remains to be determined.
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ABSTRACT

The colonization and resistance dynamics of Enterococcus species in the intestinal
microflora of patients admitted to intensive care units (ICU) and general wards were
investigated during and after hospitalization. A total of 1,669 specimens were obtained
from patients upon admission, once weekly during hospitalization, at discharge from
the ICU, at discharge from the hospital, and 1 and 3 months after discharge from the
hospital. Five colonies per specimen were selected for identification and susceptibil-
ity testing. We observed changes in species distribution during ICU hospitalization
only. The isolation of E. faecium increased from about 10 to 25% of all enterococcal
isolates, at the expense of E. faecalis. In general ward patients about 25% were E.
Jaecium at the different times. The percentage of ICU patients colonized with high-
level gentamicin (HLG) resistant E. faecalis increased during hospitalization and
decreased in the 3 months after discharge from the hospital. In the IC population
the percentage of patients colonized with ampicillin resistant E. faecium and HLG
resistant E. faecalis significantly increased with length of stay. PFGE typing revealed
that the majority of these resistant strains were not detected at previous sampling

times. This suggests selection of resistant strains rather than development of resis-

<
e tance within strains. The risk of dissemination of resistant Enterococcus species from
g the hospital into the community appears to be low for general ward patients but is
v

noticeably higher among ICU patients
100
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INTRODUCTION

The enterococci have emerged as important causes of nosocomial infections (15).
The most frequent hospital infections caused by enterococci are urinary tract infec-
tions, bloodstream infections, intra-abdominal infections, skin and soft tissue infec-
tions and endocarditis (20). Most clinical infections are due to either E. faecalis or E.
Sfaecium (18). Historically, the ratio of infections due to E. faecalis to those due to
all other Enterococcus species was approximately 10:1 (18). In recent years several
studies reported on a decline in this ratio (10, 15, 41). It has been suggested that this
shift may be explained by a relatively high increase in the frequency of antibiotic
resistance in E. faecium (10, 18).

Enterococci possess intrinsic resistance to a diverse range of antimicrobial agents
including penicillin, cephalosporins, aminoglycosides (low-level), clindamycin and
trimethoprim with sulfamethoxazole (20). In addition, enterococci may acquire resis-
tance to many other antimicrobial agents. Three major forms of acquired resistance
emerged over the last decades: (1) ampicillin resistance; (2) high-level gentamicin
(HLG) resistance and (3) vancomycin resistance (19). Numerous studies determined
the prevalence of resistance in enterococci in the community or hospital (10, 15,
24-27). Of great concern is the emergence of multiple-drug resistance that limits
treatment options (11, 19, 24). The spread of multi-resistant enterococci between
hospital wards and also inter-hospital (4, 16) may, in part, be explained by the ability
of the Enterococcus species to colonize the gastro-intestinal tract and skin and to
persist in the environment of the human host (3, 6). The relevance of transmission
of resistant Enterococcus species from hospitals into the community has so far not
been studied. The aim of the present study was therefore to accurately assess the
epidemiology of Enterococcus species colonization and antibiotic resistance in the
intestinal microflora of hospitalized patients from admission up to three months after
discharge from the hospital.

MATERIALS AND METHODS

Patients and study design

Setting. Erasmus MC is a 1,200-bed university, referral hospital in Rotterdam, the
Netherlands. The study was conducted at two ICUs (surgical and neurosurgical) and
five general wards, including the departments of internal medicine, pulmonology,
neurosurgery, urology and gastroenterology. Patients were enrolled into the study

between November 2000 and July 2003. The study was approved by the Medical
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Ethics Committee, and informed consent was provided before participation in the
study.

Inclusion and exclusion criteria. Patients were eligible for the study if they met all
of the following criteria: =18 years of age, the length of stay was expected to be = 5
days; and informed consent was given by the patient or his/her representative. The
exclusion criteria for patients on general wards were as follows: preceding admission
to an ICU or another general ward during the same hospitalization, the presence of
an ileostoma, and a diagnosis of human immunodeficiency virus infection, tubercu-
losis, or cystic fibrosis. The same criteria were applicable for ICU patients except that
preceding admission to a general ward was allowed.

Collection of specimens. Rectal swabs (or stool specimens) were obtained within 48
h of admission, once a week if the length of stay was more than 7 days, at discharge
from the ICU (ICU patients only), and at discharge from the hospital. At discharge
from the hospital and 1 and 3 months after discharge, patients were contacted by
mail to send in a stool specimen.

Data collection. The following data were collected: age; gender; reason for admis-
sion; severity of acute illness upon admission, graded according to the simplified

acute physiologic score for ICU patients (14); co-morbidity upon admission accord-

<
e ing to the definitions of the Dutch National Intensive Care Evaluation (http://www.
g stichting-nice.nl); residential status 48 h before admission; hospitalization history in
v

the 3 months prior to admission; and the consumption of antibiotics during hospi-
102

talization. Community pharmacies were asked for information about the use of an-
tibiotics in the 3 months prior to and after hospitalization. Patients provided written
informed consent for the acquisition of these medication lists.

Antibiotic use during hospitalization was expressed as the number of defined daily
doses (DDD) per 100 bed days whereas the use before and after hospitalization
was expressed as DDD per 100 inhabitant days. We used the DDD of antibiotics
for systemic use listed in the Anatomical Therapeutic Chemical (ATC) Classification
System 2003 (40).

Microbiological methods

Isolation of Enterococcus spp. Stool specimens were diluted 1:10 in physiological
saline containing 20% glycerol and stored at —20°C. After thawing of the stool speci-
mens, swabs were taken from the 10! dilutions. Rectal swabs were transported in
Amies transport medium, diluted in 1 ml of Stuart transportmedium, stored at —80°C,
and thawed before use. All swabs were cultured in a selective, esculin-containing
enrichment broth supplemented with 75 mg of aztreonam (Bristol Myers Squibb,

Princeton, N.J.) per liter (7). Fifty pl of the esculin-positive broth cultures was subcul-
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tured on Colombia bloodagar. The plates were incubated aerobically at 37°C and ex-
amined after 18-24 h for growth and colony characteristics. An algorithm was defined
for the selection of five colonies on the basis of morphology. This method led to
proportional sampling of the microorganisms. When no differences in morphology
were observed, five colonies were randomly selected. This study was designed to
assess the dominant Enterococcus species in the intestinal microflora.

Identification. Identification of the colonies was done with the VITEK 2 system
(bioMerieux, Marcy I'Etoile, France) and proprietary data management software (ver-
sion: VT2-R02.03) by using ID-GPC cards after subculturing on Colombia blood
agar.

Determination of susceptibility. MICs were determined with the VITEK 2 system
using AST-P524 cards. The breakpoints of the National Committee for Clinical Labo-
ratory standards (NCCLS) were applied (22). The Advanced Expert System of the
VITEK 2 system (version: AES.R02.00N) was used for all reading and interpretation
of susceptibility results. E. faecalis ATCC 29212 was used as reference strain.

Pulsed field gel electrophoresis (PFGE). PFGE was performed as described previ-
ously (37). In brief, colonies of an overnight culture, grown on a bloodagar plate,
were mixed and suspended in EET buffer (100 mM Na, EDTA, 10 mM EGTA, 10 mM
Tris-HCL; pH 8.0). This suspension was mixed with 100 pl of 1% agarose. Cells in
the plugs were lysed, washed, stabilized and restricted with Smal. Electrophoresis
was performed and the gel was stained with ethidium-bromide before photography
under UV irradiation. The PFGE patterns were interpreted according to previously
described criteria (31).

Data analysis

Patients were considered eligible for analysis when at least one consecutive sample
was taken following the sample taken upon admission and when the length of stay
was = 5 days. Samples collected once weekly during hospital stays were categorized
as “during stay”. When patients died during stay on the ICU, the last sample taken
was also categorized “during stay”.

Resistance analyzed at the population level. The percentages of patients colonized
with resistant E. faecalis and E. faecium at different times were calculated for ampi-
cillin, HLG and vancomycin. For each species, we selected one isolate per patient
with the most resistant result for that particular antibiotic.

Resistance analyzed at the individual patient level during bhospitalization. Fecal
samples of the first 100 consecutive ICU and general ward patients, collected on
admission, during hospitalization and at discharge from the ICU (only ICU patients)
or discharge from the hospital (only general ward patients), were included in this
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analysis. For each patient, a number of observational intervals were determined. An
observational interval was defined as the time period between two consecutive fecal
samples. Each of these intervals was evaluated for the occurrence of a transitional
event. A transitional event was defined as 1) a more than twofold increase in the
log MIC of a bacterial species, isolated at two consecutive sampling times, for at
least one antibiotic or 2) resistance for at least one antibiotic, in a species that was
not isolated at previous points in time (breakpoints of the NCCLS were applied). We
studied results of susceptibility testing of E. faecalis and E. faecium to ampicillin,
HLG and vancomycin. If a transitional event of the first type was observed, all pre-
ceding susceptible and resistant isolates of that particular patient were analyzed by
PFGE to assess whether resistance had been developed in indistinguishable isolates
or not.

Statistics. Before starting the inclusion we hypothesized that the number of pa-
tients with HLG resistant E. faecalis and/or ampicillin resistant E. faecium might be
approximately 5% on admissions and may increase to 15% at discharge from the
hospital. Power analysis (a = 0.05; 8 = 0.2) revealed that approximately 100 patients
were needed for each sampling time. To achieve this, we decided to include 200

patients in each arm. To test for differences in resistance frequencies between the

<
< different times, we used the chi-square test or Fisher’s exact test (in cases of low (=
k3 5) cell numbers).
v

We used logistic regression analysis to assess whether the percentages of patients
104

colonized with resistant bacteria were associated with the length of stay in the ICU
or general ward.

P values of < 0.05 were considered significant. The data were analyzed by using
SPSS 11.0 for Windows (SPSS Inc., Chicago, Illinois) and GraphPad Prism version 3.0
for Windows (GraphPad Software, San Diego, California).

RESULTS

Inclusion and follow-up of study population

A total of 200 ICU and 319 general ward patients were included in this prospective study.
The data for 17 ICU and 91 general ward patients were not analyzed. The reasons for
withdrawal from the analyses were a length of stay less than 5 days (for the ICU group,
n = 9; for the general ward group, 7 = 52) and no collection of a second specimen fol-
lowing admission (for the ICU group, n = 8; for the general ward group, n = 39).

Table 1 shows the characteristics of the two enrolled populations. Although, in
both populations almost 50% of the patients were admitted for surgery, the types

of surgery leading to admission were different. ICU patients were most often admit-
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ted for abdominal surgery, transplantation or neurosurgery, whereas general ward
patients were admitted for neurosurgery (at the most 24h post-operative ICU stay)
and urologic surgery. The numbers of ICU and general ward patients analyzed at the
different times are presented in Table 2. Patients were lost to follow-up as a result of
death, transfers, and withdrawal from the study.

Thirty-six patients (19.6%) were already hospitalized on a general ward before
admission to the ICU (Table 1). The median length of stay on the participating units
was 12 days (range, 5 to 119 days) for the ICU patients (72 = 183) and 10 days (range,
5 to 116 days) for the general ward population (n = 228). Patients who died during
stay on the ICU had a median length of stay of 22 days (range, 7 to 119 days; n =
25). The median length of stay in the hospital after discharge from the ICU was 15
days (range, 0 to 281 days; n = 158).

Table 1. Patient characteristics on admission

Characteristic Intensive care units General wards
(n=183) (n=228)
Age (mean +SD), y 559+156 57.1+£140
Men, n (%) 120 (65.6) 135(59.2)
Reason for admission, n (%)
Surgery
Abdominal 53(29.0) 2(0.9)
Neurosurgery 32(17.5) 67 (29.4)
Transplantation 14(7.7) -
Urologic surgery - 46(20.2)
Other surgery 20(10.9) -
Trauma 29(15.8) 1(0.4)
Medical
Abdominal - 20(8.8)
Neurological disorder 13(7.1) 1(0.4)
Obstructive pulmonary disease 5(2.7) 54(23.7)
Other medical disorder 17(9.3) 37(16.2)
Residential status 48 hours before admission, n (%)
Community 145(79.2) 228 (100)
General ward Erasmus MC 29(15.8) -
General ward, other hospital 7(3.8) -
Other 2(1.1) -
SAPS Il on admission (+ SD)? 33.5(13.9) -
Admissions with comorbidity® 54(29.5) 84 (36.8)
Hospitalization 3 months prior to admission 101 (55.2) 52 (23)
Use of antibiotics 3 months prior to admission 42 (23) 57 (25)

2 Simplified Acute Physiology Score(14)

® According to the definitions of the Dutch National Intensive Care Evaluation (www.stichting-nice.nl). Co-morbidity was defined
as at least 1 of the following disorders: decreased immunity, respiratory insufficiency class IV according to New York Heart
Association (NYHA), cardiovascular insufficiency class IV according to NYHA, cirrhosis, hematological malignancy, AIDS, neoplasm
with metastases, chronic renal failure.
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Bacterial strains

In total, 1,669 specimens from 411 patients were collected. From these specimens 5,121
Enterococcus species (3,304 E. faecalis, 1,034 E. faecium, 280 E. hirae, 317 E. gallinarum/
E. casseliflavus, 98 E. durans and 88 E. avium) were isolated, identified and tested for

antimicrobial resistance.

Species distribution during and after hospitalization

ICU population. A total of 797 fecal specimens were studied. The percentage of fecal
samples with detectable Enterococcus species varied from 47% for samples collected
on admission to 76% for samples collected 3 months after discharge from the hospital
(Table 2). In the ICU population the frequency of E. faecium in the intestinal microflora
was low on admission (10.8%) and increased significantly to 23.7% at discharge from
the hospital (p < 0.001), whereas the frequency of E. faecalis decreased from 76.7%
upon admission to 56.3% at discharge from the hospital (p < 0.001). Both frequencies
did not change during the first 3 months after discharge from the hospital (Table 2).

General ward population. A total of 872 fecal specimens were studied. Upon admis-
sion of patients to the general ward, 47% of the fecal specimens yielded detectable
Enterococcus species, whereas for samples collected at later times these percentages
varied between 61 and 64% (Table 2). No significant changes in the frequencies of
the different Enterococcus species in intestinal microfloras were observed during
and after hospitalization. Only upon admission and at discharge from the ICU, the
frequencies of the different Enterococcus species in the ICU patients differed from
the frequencies found for general ward patients (Table 2).

Percentage of patients colonized with resistant Enterococcus species during and after hospitalization

In both patient populations, no significant differences in the percentages of patients
colonized with ampicillin-, HLG- or vancomycin resistant Enterococcus species were
found at the different times (Table 3). Ampicillin resistance was low in both E.
Jfaecalis and E. faecium, and vancomycin resistance was not detected at all. The
percentage of patients colonized with HLG resistant E. faecalis at discharge from
the hospital was significantly higher in the ICU than in the general ward population
(11.3 and 3.4%, p = 0.02).

The percentages of patients colonized with gentamicin resistant E. faecalis strains
(Figure 1a) or ampicillin resistant E. faecium strains (Figure 1b) were significantly as-
sociated with the length of stay in the ICU (by logistic regression, the P values were
< 0.001). However, we did not notice a significant trend of increasingly resistant

Enterococcus species with increasing lengths of stay among general ward patients.
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Figure 1. Effect of length of stay on high level gentamicin resistant Enterococcus faecalis (1A) and ampicillin
resistant Enterococcus faecium (1B) isolated from the intestinal microflora of patients admitted to the ICU.
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Genetic relatedness and resistance among E. faecium and E. faecalis isolated during hospitalization

In 21 patients (for the ICU group, n = 15; for the general ward group n = 6) HLG
resistant E. faecalis emerged during hospitalization in the ICU or general ward. In 15
of these patients gentamicin susceptible E. faecalis isolates were not detected at any of
the previous sampling times and in 6 patients HLG susceptible E. faecalis isolates were
found on at least one of the previous sampling times. Only in 1 out of these 6 patients
resistance towards HLG developed in a susceptible E. faecalis strains (Table 4).

In 19 patients (for the ICU group, n = 9; for the GW group n = 10) ampicillin
resistant E. faecium emerged during hospitalization. In 7 of these patients ampicillin
susceptible E. faecium isolates were found on at least one of the previous sampling
times. In none of these patients indistinguishable or closely related fingerprints of

the ampicillin susceptible and resistant E. faecium strains were found (Table 4).

Antibiotic use before, during and after hospitalization

The percentages of ICU and general ward patients receiving antibiotics during the
3 months preceding hospitalization were 23 and 25% respectively (Table 1). Before
hospitalization, the ICU and general ward population used 7 and 5 DDD/100 in-
habitant-days respectively. Total use of antibiotics during stay on the ICU was 180
DDD/100 bed-days. The use of ampicillin and piperacillin, amoxicillin/clavulanic
acid and piperacillin/tazobactam, cephalosporins, third generation cephalosporins,
carbapenems, fluoroquinolones and aminoglycosides represented 8%, 53%, 5%, 2%,
3%, 11% and 5% of total consumption in the ICU, respectively. After discharge from
the ICU, 71 DDD/100 bed-days were used at the general ward. The general ward
population used 67 DDD/100 bed-days during stay on the general ward. During
the three months after discharge from the hospital the general ward population
consumed 7 DDD/100 inhabitant-days whereas the ICU population used 5 DDD/100
inhabitant-days.

DISCUSSION

We extensively studied colonization and resistance dynamics of Enterococcus spe-
cies in the intestinal microflora of adult patients admitted to our intensive care units
(ICUs) and several general wards.

Colonization rates. In both groups Enterococcus species were less frequently found
on admission than during hospitalization. One and three months after discharge
colonization rates remained stable and comparable to those during hospitalization.

These colonization rates were comparable with those found in a previous study
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performed in our hospital, in which Enterococcus species were found in about 50%
of hospitalized patients (7). In the literature colonization rates vary from 50-60% (13,
26, 35) to 90% (29). Various exogenous influences may have affected the recovery
of Enterococcus species from our specimens. First, the use of antibiotics might have
suppressed the Enterococcus species to concentrations below the detection limit (28).
Secondly, either fresh stool specimens or rectal swabs were collected and a bias may
have been introduced at this point. We collected these different specimens on the as-
sumption that no differences in recovery exist between these two sampling methods
(2). Thirdly, the recovery of Enterococcus species from frozen specimens might have
been suboptimal, although observations of Bonten et al. refute this theory (2).
Species distribution. We observed changes in species distribution during ICU hos-
pitalization only. E. faecium isolation increased from about one-tenth to a quarter of
all enterococcal isolates, at the expense of E. faecalis. In general ward patients, at
all sampling times, about a quarter of isolates were E. faecium. This relatively high
proportion of E. faecium is consistent with figures reported in other studies (10,
15, 26, 27). The observed species distribution in patients on admission (specimens
collected within 48h of admission) and at discharge from the ICU may reflect the

higher selective pressure exerted by antibiotics administered for abdominal surgery,

<
e transplantation or empirical therapy for severe infection at the time of admission to
g the ICU as compared to the general ward population. ICU patients were also more
v

often hospitalized and used more antibiotics in the three months prior to admission
112

as compared to the general ward population. Differences in antimicrobial suscepti-
bilities within the genus might have led to inhibition of susceptible members of the
indigenous microflora and facilitate overgrowth of antibiotic-resistant microorgan-
isms.

Prevalence of resistance. In both patient populations no significant differences
were found in ampicillin-, HLG - or vancomycin resistant Enterococcus species. As
resistance percentages were lower as expected, the power of our study is not suf-
ficient to conclude that no minor differences exist between the different sampling
times. In particular, in the ICU population an increasing trend in HLG resistance in
E. faecalis was observed during hospitalization, that decreased after discharge from
the hospital.

At discharge from the ICU and general ward, between 2.7 and 4.8% of the patients
were colonized with ampicillin resistant E. faecium. These results are in accordance
with a report from Norway, where 6.9% of hospitalized patients were fecal carriers
(9). The prevalence found in Swedish hospitals however was significantly higher
(22%) (33). In a study performed in North Carolina, United States, 5.4% of the pa-
tients were colonized with ampicillin resistant E. faecium on admission and 9.4% of

patients acquired ampicillin resistant E. faecium during hospitalization (42).
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HLG resistance was particularly found in E. faecalis. This is also observed by sev-
eral other investigators (5, 21, 27). Overall 4.1% of patients carried a HLG resistant
E. faecalis isolate on admission. We observed no significant trend in this rate during
hospitalization. In a previous study we assessed the prevalence of resistance of E.
faecalis in the intestinal flora of surgical patients on admission to the hospital, at
discharge, and 1 and 6 months after discharge. We found no changes between the
different sampling times (23). Few other studies have examined the carrier rate of
HLG resistant Enterococcus species in hospitalized patients (9, 17, 34, 43). In Nor-
way, prevalence rates of 3.3-7% were reported (9, 34). In a Turkish hospital 8.2%
of the patients were colonized with HLG-resistant Enterococcus species (17). The
prevalence found in a United States hospital was significantly higher (36.1%) (43).

Vancomycin resistance was not detected in our study. Screening with a highly sen-
sitive method (selective broth) for fecal carriage of vancomycin resistant enterococci
(VRE) in ICU’s and hematology-oncology wards in nine hospitals in the Netherlands
between 1995 and 1998 revealed that only 1.4% of these high-risk patients carried
VRE(36). In 2000, outbreaks of VRE occurred in three hospitals in the Netherlands
(16, 32, 39). Recently it was found that VRE were isolated from 2.7% of patients repa-
triated from foreign hospitals to The Netherlands (12). The incidence of vancomycin
resistant Enterococcus species (VRE) infections in hospitalized patients is low in
Europe as compared to the United States (8). As the carrier rates of VRE appears to
be very low in The Netherlands, it is not surprisingly that we found no VRE among
the dominant microflora in our study.

During hospitalization resistance emerged in ICU (23%) as well as in general ward
patients (16%). On patient level, one third of these ICU patients in whom resis-
tance emerged died, and one third lost resistance before discharge. Also, half of
the general ward patients who gained a resistant strain during admission appeared
to be negative again at discharge from the hospital. Since the absolute number of
patients colonized with resistant strains is low, these percentages did not result in
significant changes in prevalence at discharge from the hospital. Furthermore, PFGE
typing revealed that the majority of resistant strains were not detected on previous
sampling times. This suggests selection of a resistant strain rather than development
of resistance within strains. Selection may either have occurred within the patients
own strains, or patients may acquire resistant strains by horizontal transfer between
patients.

The prevalence of ampicillin resistant E. faecium and HLG resistant E. faecalis
significantly increased with length of stay on the ICU. This confirms the findings of
a previous study in which duration of ICU stay was positively associated with anti-
biotic resistance (1).Risk factors for the acquisition of resistant Enterococcus species

during hospitalization remain to be determined.
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Selection bias. In the present study different numbers of patients were sampled
at the various sampling times. There is some risk of bias due to differential loss
to follow-up of sicker individuals. Our observation of increasing resistance with
increasing length of stay on the ICU may be due to selection of sicker individuals
who use more antibiotics. In other words, length of stay may be associated with
severity of disease. Three months after discharge specimens were collected from
61% of the patients with an ICU stay shorter than 12 days and from 38% of the
patients with a stay of more than 12 days. Moreover, 42 ICU patients and 136 general
ward patients could be tracked through the entire study period. We recalculated the
resistance rates for these subpopulations. For both populations, the same “trends”
were observed as those for the entire study population. Therefore, the selection bias
appears to be limited.

External validity. In the present study only patients with a length of stay of five
days or longer were included since we hypothesized that these patients were at risk
for the acquisition of resistant strains. We suppose that most of our epidemiological
findings will have universal relevance, and can be extrapolated to other hospitals.
However, we expect changes in resistance during hospitalization to be more extreme

in settings with higher consumption of antibiotics. The modest changes found in our

<
e study might be due to stringent antibiotic policies and the emphasis on infection
g control measures in our hospital, and in Dutch hospitals in general (30, 38).
v

In summary, this is the first specifically designed study that examines the epide-
114

miology of colonization and resistance dynamics of Enterococcus species in the in-
testinal microflora of ICU and general ward patients during and after hospitalization.
We observed changes in species distribution during ICU hospitalization only. The
isolation of E. faecium increased from about 10 to 25% of all enterococcal isolates,
at the expense of E. faecalis. In both patient populations no significant differences
were found in the proportion of patients colonized with ampicillin-, HLG- or van-
comycin- resistant Enterococcus species at different times. However, an increasing
trend in resistance during hospitalization, followed by a decrease in resistance after
discharge from the hospital has been observed for HLG resistant E. faecalis in the
ICU population. Moreover, in the ICU population the prevalence of ampicillin resis-
tant E. faecium and high-level HLG resistant E. faecalis significantly increased with
length of stay in the ICU. PFGE typing revealed that the majority of these resistant
strains were not detected on previous sampling times. This suggests selection of re-
sistant strains rather than development of resistance within susceptible strains. From
a population perspective, the risk of dissemination of resistant Enterococcus species
from the hospital into the community appears to be low upon discharge of general

ward patients but is noticeably higher among ICU patients.

Margreet BW.indd 114 27-10-2005 17:44:40



Colonization and resistance dynamics: Enterococcus species | 115

Acknowledgement

This study was financially supported by a grant received from the Revolving Fund
from the Medical Research Advisory Board of the Erasmus MC.

The authors thank all the patients who participated in this study and the medical
staffs and nurses of the participating units who have made this study possible. We
thank Roel Verkooyen and Wil Goessens for their useful comments and Gonny van
Eijken for technical assistance.

REFERENCES

1. Alberti, C., C. Brun-Buisson, H. Burchardi, C. Martin, S. Goodman, A. Artigas, A. Sicignano,
M. Palazzo, R. Moreno, R. Boulme, E. Lepage, and R. Le Gall. 2002. Epidemiology of sepsis
and infection in ICU patients from an international multicentre cohort study. Intensive Care
Med 28:108-21.

2. Bonten, M. J., C. Nathan, and R. A. Weinstein. 1997. Recovery of nosocomial fecal flora from
frozen stool specimens and rectal swabs: comparison of preservatives for epidemiological
studies. Diagn Microbiol Infect Dis 27:103-6.

3. Bonten, M. J., and R. A. Weinstein. 1996. The role of colonization in the pathogenesis of
nosocomial infections. Infect Control Hosp Epidemiol 17:193-200.

4. Chow, J. W., A. Kuritza, D. M. Shlaes, M. Green, D. F. Sahm, and M. J. Zervos. 1993. Clonal

spread of vancomycin-resistant Enterococcus faecium between patients in three hospitals in

two states. J Clin Microbiol 31:1609-11.

Coque, T. M., R. C. Arduino, and B. E. Murray. 1995. High-level resistance to aminoglyco-

sides: comparison of community and nosocomial fecal isolates of enterococci. Clin Infect Dis

20:1048-51.

6.  Donskey, C. J. 2004. The role of the intestinal tract as a reservoir and source for transmission
of nosocomial pathogens. Clin Infect Dis 39:219-26.

7. Endtz, H. P, N. van den Braak, A. van Belkum, J. A. Kluytmans, J. G. Koeleman, L. Spanjaard,
A. Voss, A. J. Weersink, C. M. Vandenbroucke-Grauls, A. G. Buiting, A. van Duin, and H. A.
Verbrugh. 1997. Fecal carriage of vancomycin-resistant enterococci in hospitalized patients
and those living in the community in The Netherlands. J Clin Microbiol 35:3026-31.

8. Goossens, H. 1998. Spread of vancomycin-resistant enterococci: differences between the
United States and Europe. Infect Control Hosp Epidemiol 19:546-51.

9. Harthug, S., R. Jureen, S. C. Mohn, A. Digranes, G. S. Simonsen, A. Sundsfjord, and N.
Langeland. 2002. The prevalence of faecal carriage of ampicillin-resistant and high-level gen-
tamicin-resistant enterococci among inpatients at 10 major Norwegian hospitals. ] Hosp Infect
50:145-54.

10. TIwen, P. C., D. M. Kelly, J. Linder, S. H. Hinrichs, E. A. Dominguez, M. E. Rupp, and K. D.
Patil. 1997. Change in prevalence and antibiotic resistance of Enterococcus species isolated
from blood cultures over an 8-year period. Antimicrob Agents Chemother 41:494-5.

11.  Jones, R. N., H. S. Sader, M. E. Erwin, and S. C. Anderson. 1995. Emerging multiply resistant
enterococci among clinical isolates. I. Prevalence data from 97 medical center surveillance
study in the United States. Enterococcus Study Group. Diagn Microbiol Infect Dis 21:85-93.

12.  Kaiser, A. M., C. Schultsz, G. J. Kruithof, Y. Debets-Ossenkopp, and C. Vandenbroucke-
Grauls. 2004. Carriage of resistant microorganisms in repatriates from foreign hospitals to The
Netherlands. Clin Microbiol Infect 10:972-9.

13.  Kuzucu, C., Z. Cizmeci, R. Durmaz, B. Durmaz, and I. H. Ozerol. 2005. The prevalence of
fecal colonization of enterococci, the resistance of the isolates to ampicillin, vancomycin, and
high-level aminoglycosides, and the clonal relationship among isolates. Microb Drug Resist

11:159-64.

U

Margreet BW.indd 115 27-10-2005 17:44:41



14.

16.

17.

18.

19.

20.

21.

22.

23.

Chapter 3.4

-
-
)}

26.

27.

28.

29.

30.

31

32.

Margreet BW.indd 116

24.

Le Gall, J. R, S. Lemeshow, and F. Saulnier. 1993. A new Simplified Acute Physiology Score
(SAPS 1D based on a European/North American multicenter study. Jama 270:2957-63.

Low, D. E., N. Keller, A. Barth, and R. N. Jones. 2001. Clinical prevalence, antimicrobial
susceptibility, and geographic resistance patterns of enterococci: results from the SENTRY
Antimicrobial Surveillance Program, 1997-1999. Clin Infect Dis 32 Suppl 2:5133-45.

Mascini, E. M., A. C. Gigengack-Baars, R. J. Hene, T. E. Kamp-Hopmans, A. J. Weersink, and
M. J. Bonten. 2000. [Epidemiologic increase of various genotypes of vancomycin-resistant
Enterococcus faecium in a university hospitall. Ned Tijdschr Geneeskd 144:2572-6.
Moaddab, S. R., and A. Rafi. 2003. Prevalence of vancomycin and high level aminoglycoside
resistant enterococci among high-risk patients. Southeast Asian J Trop Med Public Health
34:849-54.

Mundy, L. M., D. F. Sahm, and M. Gilmore. 2000. Relationships between enterococcal viru-
lence and antimicrobial resistance. Clin Microbiol Rev 13:513-22.

Murray, B. E. 1998. Diversity among multidrug-resistant enterococci. Emerg Infect Dis 4:37-
47.

Murray, B. E. 1990. The life and times of the Enterococcus. Clin Microbiol Rev 3:46-65.
Nachamkin, 1., P. Axelrod, G. H. Talbot, S. H. Fischer, C. B. Wennersten, R. C. Moellering, Jr.,
and R. R. MacGregor. 1988. Multiply high-level-aminoglycoside-resistant enterococci isolated
from patients in a university hospital. J Clin Microbiol 26:1287-91.

National Committee for Clinical Laboratory Standards. 2001. Performance standards for an-
timicrobial susceptibility testing. Fourteenth Informational supplement. NCCLS document
M100-S14. NCCLS, Wayne, Pa.

Nys, S., N. Bruinsma, P. M. Filius, A. E. van den Bogaard, L. Hoffman, P. H. Terporten, A. C.
Wildeboer-Veloo, J. Degener, H. P. Endtz, and E. E. Stobberingh. 2005. Effect of hospitaliza-
tion on the antibiotic resistance of fecal Enterococcus faecalis of surgical patients over time.
Microb Drug Resist 11:154-8.

Sader, H. S., M. A. Pfaller, F. C. Tenover, R. J. Hollis, and R. N. Jones. 1994. Evaluation and
characterization of multiresistant Enterococcus faecium from 12 U.S. medical centers. J Clin
Microbiol 32:2840-2.

Schouten, M. A., A. Voss, and J. A. Hoogkamp-Korstanje. 1999. Antimicrobial susceptibility
patterns of enterococci causing infections in Europe. The European VRE Study Group. Anti-
microb Agents Chemother 43:2542-6.

Silverman, J., L. A. Thal, M. B. Perri, G. Bostic, and M. J. Zervos. 1998. Epidemiologic evalu-
ation of antimicrobial resistance in community-acquired enterococci. J Clin Microbiol 36:830-
2.

Simonsen, G. S., L. Smabrekke, D. L. Monnet, T. L. Sorensen, J. K. Moller, K. G. Kristinsson, A.
Lagerqvist-Widh, E. Torell, A. Digranes, S. Harthug, and A. Sundsfjord. 2003. Prevalence of re-
sistance to ampicillin, gentamicin and vancomycin in Enterococcus faecalis and Enterococcus
Jfaecium isolates from clinical specimens and use of antimicrobials in five Nordic hospitals. J
Antimicrob Chemother 51:323-31.

Sullivan, A., C. Edlund, and C. E. Nord. 2001. Effect of antimicrobial agents on the ecological
balance of human microflora. Lancet Infect Dis 1:101-14.

Suppola, J. P, L. Volin, V. V. Valtonen, and M. Vaara. 1996. Overgrowth of Enterococcus
Jaecium in the feces of patients with hematologic malignancies. Clin Infect Dis 23:694-7.
SWAB. 2005. NethMap 2005 - consumption of antibiotic agents and antibiotic resistance
among medically important bacteria in The Netherlands. [Online] http://www.swab.nl Ac-
cessed 9 June 2005.

Tenover, F. C., R. D. Arbeit, R. V. Goering, P. A. Mickelsen, B. E. Murray, D. H. Persing, and B.
Swaminathan. 1995. Interpreting chromosomal DNA restriction patterns produced by pulsed-
field gel electrophoresis: criteria for bacterial strain typing. J Clin Microbiol 33:2233-9.
Timmers, G. J., W. C. van der Zwet, I. M. Simoons-Smit, P. H. Savelkoul, H. H. Meester,
C. M. Vandenbroucke-Grauls, and P. C. Huijgens. 2002. Outbreak of vancomycin-resistant
Enterococcus faecium in a haematology unit: risk factor assessment and successful control of
the epidemic. Br J] Haematol 116:826-33.

27-10-2005 17:44:41



Colonization and resistance dynamics: Enterococcus species | 117

33.  Torell, E., O. Cars, B. Olsson-Liljequist, B. M. Hoffman, J. Lindback, and L. G. Burman.
1999. Near absence of vancomycin-resistant enterococci but high carriage rates of quinolone-
resistant ampicillin-resistant enterococci among hospitalized patients and nonhospitalized
individuals in Sweden. J Clin Microbiol 37:3509-13.

34, Torfoss, D., P. Aukrust, L. Brinch, O. Mathiesen, G. S. Simonsen, A. K. Axelsen, and P. Gaus-
tad. 1999. Carrier rate of resistant enterococci in a tertiary care hospital in Norway. Apmis
107:545-9.

35. Trabulsi, A., A. M. Glover, S. F. Reising, and C. D. Christie. 1998. Absence of rectal coloniza-
tion with vancomycin-resistant enterococci among high-risk pediatric patients. Infect Control
Hosp Epidemiol 19:109-12.

36. van den Braak, N., A. Ott, A. van Belkum, J. A. Kluytmans, J. G. Koeleman, L. Spanjaard, A.
Voss, A. J. Weersink, C. M. Vandenbroucke-Grauls, A. G. Buiting, H. A. Verbrugh, and H. P.
Endtz. 2000. Prevalence and determinants of fecal colonization with vancomycin-resistant
Enterococcus in hospitalized patients in The Netherlands. Infect Control Hosp Epidemiol
21:520-4.

37. van den Braak, N., A. van Belkum, M. van Keulen, J. Vliegenthart, H. A. Verbrugh, and H. P.
Endtz. 1998. Molecular characterization of vancomycin-resistant enterococci from hospital-
ized patients and poultry products in The Netherlands. J Clin Microbiol 36:1927-32.

38. van den Broek, P. J. 1999. National guidelines for infection control in The Netherlands. ] Hosp
Infect 43 Suppl:S297-9.

39. van der Steen, L. F., M. J. Bonten, E. van Kregten, J. J. Harssema-Poot, R. Willems, and C. A.
Gaillard. 2000. [Vancomycin-resistant Enterococcus faecium outbreak in a nephrology ward].
Ned Tijdschr Geneeskd 144:2568-72.

40.  W.H.O. Collaborating Centre for Drug Statistics Methodology (Norway) (2002). ATC-Index
with DDDs 2003. WHO Collaborating Centre, Oslo, 2002.

41.  Wade, J. J. 1997. Enterococcus faecium in hospitals. Eur J Clin Microbiol Infect Dis 16:113-9.

42.  Weinstein, J. W., M. Roe, M. Towns, L. Sanders, J. J. Thorpe, G. R. Corey, and D. J. Sexton.
1996. Resistant enterococci: a prospective study of prevalence, incidence, and factors associ-
ated with colonization in a university hospital. Infect Control Hosp Epidemiol 17:36-41.

43.  Zervos, M. J., M. S. Terpenning, D. R. Schaberg, P. M. Therasse, S. V. Medendorp, and C. A.
Kauffman. 1987. High-level aminoglycoside-resistant enterococci. Colonization of nursing
home and acute care hospital patients. Arch Intern Med 147:1591-4.

Margreet BW.indd 117 27-10-2005 17:44:41



Margreet BW.indd 118 27-10-2005 17:44:42



CHAPTER 3.5

Risk factors for colonization with antibiotic
resistant Enterobacteriaceae and P. aeruginosa
in hospitalized patients

PMG Filius', IC Gyssens', A Ott', IM Kershof', EML van Reij'?,
AG Vulto?, HA Verbrugh' and HP Endtz’

"Department of Medical Microbiology and Infectious Diseases,
“Department of Hospital Pharmacy, Erasmus MC, University Medical
Center Rotterdam, Rotterdam, The Netherlands

Margreet BW.indd 119 27-10-2005 17:44:42



ABSTRACT

Obijectives. The incidence and risk factors for the emergence of antibiotic resistance
in Enterobacteriaceae and Pseudomonas aeruginosa were investigated.

Methods. Fecal and oropharyngeal specimens were obtained from 411 patients on
admission and weekly during hospitalization. A transitional event was defined as a
more than twofold increase in the log MIC of a bacterial species, isolated at two con-
secutive sampling times, or resistance in a species that was not isolated at a previous
sampling time. If a transitional event of the first type was observed, all preceding
isolates of the same species were genotyped. Risk factors for transitional events were
studied using multivariate Cox’s regression analysis.

Results. The incidence of transitional events was almost 3 times higher in ICU
patients than in general ward patients. PFGE typing revealed that the majority of
resistant strains were not detected at previous sampling times, suggesting horizontal
transfer between patients. Admission to the urology department was associated with
trimethoprim-sulfamethoxazole resistance in Escherichia coli and Klebsiella species
(adjusted HR (AHR) = 3.7; 95% CI, 1.1 to 12.7) whereas prior fluoroquinolone use
was negatively associated (AHR = 0.11; 95% CI , 0.02 to 0.5). Use of ampicillin was

0

e associated with ceftazidime resistance in gram-negative bacteria (AHR = 8.8; 95% CI,
k3 1.5-52.6). Risk factors for fluoroquinolone resistance in P. aeruginosa were transfer
(V)

” from a general ward (AHR = 0.22; 95% CI, 0.05 to 0.9) and prior use of third genera-
1

tion cephalosporins (AHR = 5.5; 95% CI, 1.1-36.7).
Conclusions. The high number of transitional events and the results of the risk fac-
tor analysis warrant two intervention strategies. Besides policies to promote rational

use of antibiotics, emphasis must also be placed on infection control measures.
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INTRODUCTION

Infections caused by antibiotic resistant microorganisms are associated with greater
mortality, morbidity and costs relative to antibiotic-sensitive bacterial infections, par-
ticularly when inadequate empiric antimicrobial treatment is administered (1-4). Bac-
terial colonization is often a first step in the pathogenesis of nosocomial infections (5).
Different mechanisms may lead to colonization of hospitalized patients with resistant
strains (6, 7). First, these strains may enter the hospital upon the admission of patients
already colonized with resistant strains. Secondly, during hospitalization, susceptible
bacteria may develop resistance due to genetic mutations or through transfer of re-
sistance genes. Thirdly, resistance may emerge through induction of genes that are
already present in susceptible bacterial subpopulations. A lack of hygiene and infec-
tion control may facilitate the spread of these resistant bacteria between patients and
hospital staff. Colonization with resistant bacteria may remain undetectable within
a largely susceptible microflora until, because of the selection pressure exerted by
antibiotics, bacterial outgrowth of the resistant pathogen occurs.

Emergence of resistance may lead to inappropriate antibiotic therapy when pa-
tients are not switched to regimens effective against the resistant microorganisms.
Effort should therefore be directed towards early detection of resistance and the
delineation of risk factors for emergence of resistance during hospitalization. Numer-
ous previous studies have identified risk factors for antibiotic resistance. However,
most studied clinical isolates and only in few studies case patients were identified
through systematic surveillance cultures (8-15). Since bacterial colonization often
precedes infections (5) it might be argued that in a case-control study of risk factors
for antibiotic resistance, case patients should be defined as all patients colonized
with the antibiotic-resistant microorganism (16).

The aim of the present study was, therefore, to investigate risk factors for the emer-
gence of antibiotic resistance in Enterobacteriaceae and Pseudomonas aeruginosa in

the oropharyngeal and fecal microflora of patients during stay in the hospital.

MATERIALS AND METHODS

Study population

The Erasmus MC is a 1200-bed university, referral hospital in Rotterdam, The Neth-
erlands. The study was conducted in two ICU’s (surgical and neurosurgical) and in
general wards of the departments of internal medicine, pulmonology, neurosurgery,
urology and gastro-enterology. Patients were enrolled between November 2000 and

July 2003. The study was approved by the Medical Ethics Committee and informed

Margreet BW.indd 121 27-10-2005 17:44:42



consent was obtained before participation in the study. Patients were eligible if they
met all of the following criteria: =18 years of age; expected length of stay = 5 days;
informed consent given by the patient or his representative. The exclusion criteria
for patients on general wards were: preceding admission to an ICU or another
general ward during the same hospitalization; presence of an ileostoma; diagnosis
of human immunodeficiency virus infection, tuberculosis or cystic fibrosis. The same
criteria were applicable for ICU patients except that preceding admission to a gen-
eral ward was allowed. Rectal swabs (or stool specimens) and oropharyngeal swabs
were obtained within 48 hours of admission and thereafter weekly to the time of
discharge from the ICU (ICU-patients) or hospital (general ward patients). Patients
were considered eligible for analysis when at least one sample was taken following

the sample upon admission and when the length of stay was = 5 days.

Microbiological methods
Stool specimens were diluted 1:10 in physiological saline containing 20% glycerol,
and stored at —20°C. After thawing, 10? and 10* dilutions in physiological saline

were inoculated on chromogenic plates (Chromagar Orientation (Becton Dickenson,

‘;Q; Heidelberg, Germany). Swabs were diluted in 1 ml of Stuart transport medium and
g stored at —80°C until assayed. After thawing the samples were further diluted. Fifty
v

- pl of the undiluted suspension and 50 pl of a 10! dilution in physiological saline
1

were inoculated on chromogenic plates. The plates were incubated aerobically at
37°C and examined after 18-24 hours for growth and colony characteristics. The
dilution containing = 100 colonies was used for the selection of five colonies. An
algorithm was developed for the selection of these five colonies (17). This method
led to a proportional sampling of the microorganisms. E.g., if 60 pink colonies and
40 blue colonies grew on the chromogenic agar, the proposed algorithm resulted
in selecting three pink and two blue colonies. Minimal inhibitory concentrations
(MICs) were determined by the VITEK 2 system using AST-N010/020 cards (bio-
Mérieux, Marcy I'’Etoile, France). Breakpoints of the National Committee for Clinical
Laboratory Standards (NCCLS) were applied (18). The Advanced Expert System of
the VITEK 2 system (version: AES.R02.00N) was used for all reading and interpreta-
tion of susceptibility results. Escherichia coli (ATCC 25922 and ATCC 35218) and P.

aeruginosa (ATCC 27853) were used as reference strains.

Risk factors for resistance during hospitalization

Definition transitional events. Fecal and oropharyngeal samples were analyzed

separately. First, the observational intervals were determined for each patient. An
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observational interval was defined as the time period between two consecutive fecal
or oropharyngeal samples. Each of these intervals was evaluated for the occurrence
of one or more transitional events. A transitional event was defined as 1) a more than
twofold increase in the log MIC of a bacterial species, isolated at two consecutive
sampling times, for at least one antibiotic or 2) resistance for at least one antibiotic,
in a species that was not isolated at previous points in time (breakpoints of the NC-
CLS were applied). If a transitional event of the first type was observed, all preceding
susceptible and resistant isolates of that particular patient were genotyped by pulsed
field gel electrophoresis (PFGE) as described previously (19). Isolates were consid-
ered to be clonally related if their genotype patterns did not differ by more than 3
bands, according to standard criteria (20).

Outcome definition. On the basis of a previous study on the epidemiology of an-
tibiotic resistance in Enterobacteriaceae and P. aeruginosa (21), and general knowl-
edge of phenotypes and resistant mechanisms (22), we assessed the following five
transitional events: 1) amoxillin with clavulanic acid, piperacillin with tazobactam,
cefoxitin and/or cefuroxime resistance in E.coli, Klebsiella species or Proteus mira-
bilis (Group I microorganisms); 2) fluoroquinolone resistance in E. coli, Klebsiella
species, Proteus species, Serratia marcescens, Enterobacter species and Citrobacter
Sreundii (Group II microorganisms); 3) trimethoprim with sulfamethoxazole resis-
tance in group I microorganisms; 4) ceftazidime resistance in group II microorgan-
isms or P. aeruginosa; and 5) fluoroquinolone resistance in P. aeruginosa. For each
population and specimen type the incidence of transitional events was expressed as
the number of transitional events per 1000 observation days. The number of observa-
tion days was defined as the number of days between admission and the day the last
specimen was taken.

To assess risk factors for antibiotic resistance, separate analyses were performed
for each of the transitional events. Results of susceptibility testing of species isolated
from fecal as well as oropharyngeal samples were included in the analysis. For all
case patients, the observation continued from time of admission to the occurrence
of a transitional event. Patients who did not reach an outcome status were censored
at time of discharge or death.

Independent variables. Potential risk factors were selected on the basis of a system-
atic review of previous studies assessing risk factors for colonization or infection with
various (multresistant microorganisms (10, 12, 15, 23-46). The following baseline
patient characteristics were considered as potential determinants of the occurrence of
transitional events during hospitalization: age, gender, reason for admission, residen-
tial status 48 hours before hospitalization, co-morbidity on admission according to the
definitions of the Dutch National Intensive Care Evaluation (http://www.stichting-nice.

nl), severity of acute illness on admission graded according to the simplified acute
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physiologic score (SAPS 1D (47) and the type (ICU or general ward) and medical spe-
cialty of the ward the patient was admitted to. We also considered colonization with
the particular resistant microorganism on admission as a potential risk factor for the
occurrence of the particular transitional event during hospitalization. The exposure
to different subgroups of antibiotics during hospitalization was assessed: ampicillin
and/or piperacillin; amoxicillin with clavulanic acid and/or piperacillin with tazobac-
tam; flucloxacillin; first, second and third generation cephalosporins; carbapenems;
aminoglycosides; fluoroquinolones; and trimethoprim with sulphamethoxazole. Also
treatment with steroids and stress-ulcer prophylactic agents were considered as risk
factors. Finally, exposure to medical devices are included as potential risk factors. The
following invasive devices were assessed: mechanical ventilation tube, central and
peripheral venous catheters, arterial catheters, urinary catheters, nasogastric catheters,
extra ventricular or liquor drain and parenteral nutrition.

Statistical analysis. Risk factors for the occurrence of transitional events during
hospitalization were identified by means of bivariate and subsequent multivariate
Cox-regression analysis. The multivariate models included all factors from bivariate
analysis that were associated with the occurrence of a transitional event at a P value

< 0.1. Statistical significance was accepted at a two sided P value of 0.05. Results

0
e are reported as (adjusted) hazard ratios (HR) with 95% confidence intervals (CD). All
g statistical analyses were performed using SPSS 11.0 for Windows (SPSS Inc., Chicago,
v

linois).
124

RESULTS

Inclusion of the study population. A total of 411 patients were included. Important
characteristics of the study population are shown in Table 1. One hundred and
eighty-three patients were admitted to the ICU and 228 patients to the general ward.
Thirty-six ICU patients were already hospitalized on a general ward before admis-
sion to the ICU. Median length of stay on the participating units was 12 (5-119) days
for the ICU patients and 10 (5-116) days for the general ward population. Seventy-
five percent of the patients had been exposed to antibiotics (Table 2). Amoxicillin-
clavulanic acid is the most commonly used antibiotic. Antibiotic use varied largely
between the different ward locations (Table 2). Total systemic use in the surgical ICU
was approximately three times higher than in the urology ward.

Species distribution on admission and during bospitalization. 2273 specimens
from 411 patients yielded 3328 gram negative bacteria. A significant increase in the
isolation frequencies of Enterobacter spp, Klebsiella spp, P. aeruginosa and S. mar-

cescens, and a significant decrease in the frequency of E. coli was found in the fecal
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Table 1. Descriptive characteristics of patient cohort

Characteristics Total cohort
(n=411)
Male gender 255 (62%)
Age (mean + SD), yrs 56.6+14.7
Reason for admission, n (%)
Surgical 234 (56.9%)
Trauma 30(7.3%)
Medical 147 (35.8%)
Residential status 48 hours before admission, n (%)
Community 373 (90.8%)
General ward 36 (8.8%)
Other 2(0.5%)
Type of hospital ward
ICU 183 (44.5%)
General ward 228 (55.5%)
SAPS Il on admission (mean + SD)? 335+139
Admissions with comorbidity®, n (%) 138 (33.6%)
Steroid treatment® 109 (54.5%)
Treatment with H, blockers, antacids, proton pump inhibitors® 132 (66.0%)
Presence of invasive devices®
Mechanical ventilation tube 90 (45.0%)
Peripheral venous catheters 174 (87.0%)
Central venous catheters 56 (28.0%)
Arterial catheters 105 (52.5%)
Nasogastric catheters 94 (47.0%)
Urinary catheter 122(61.0)
Extra ventricular or liquor drain 18 (9.0%)
Parenteral nutrition 32(16.0%)

2 Simplified Acute Physiology Score (47); only determined in ICU patients

® According to the definitions of the Dutch National Intensive Care Evaluation (www.stichting-nice.nl). Comorbidity was defined
as at least one of the following disorders: decreased immunity, respiratory insufficiency class IV according to New York Heart
Association (NYHA), cardiovascular insufficiency class IV according to NYHA, cirrhosis, hematologic malignancy, AIDS, neoplasm
with metastases, or chronic renal failure;

¢ Assessed in the first 100 consecutive ICU and general ward patients.

microflora of patients during their stay in the ICU. In samples collected at the general
wards, a significant increase in the frequency of Klebsiella spp. and a significant
decrease in the isolation frequency of E. coli were found.

Upon admission of patients to the ICU, 18% of the oropharyngeal samples yielded
gram-negative bacteria whereas during stay in the ICU the recovery rate increased
significantly to 37%. During hospitalization in the general wards, the number of
oropharyngeal samples with gram negative bacteria also increased significantly, from
1% on admission to 8% during hospitalization. Among the species cultured, E. coli
was prevalent but less than compared to the fecal microflora. The frequencies of P.
aeruginosa and S. marcescens in oropharyngeal samples from ICU patients increased
significantly during hospitalization, whereas that of E. coli decreased.

Resistance upon admission to the hospital. Upon admission to the ICU, 25 (14%)
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patients were colonized with at least one E. coli isolate that was resistant to one
of more antibiotics whereas for general ward patients this number was 37 (16%).
Resistance was most often observed against ampicillin and trimethoprim with sulfa-
methoxazole. Twenty-three (12.6%) ICU and 32 (14.0%) general ward patients were
colonized with ampicillin resistant E. coli whereas 12 (6.6%) ICU and 18 (7.9%) gen-
eral ward patients were colonized with trimethoprim with sulfamethoxazole resistant
E. coli. In both populations the percentage of patients colonized with piperacillin
with tazobactam-, ceftazidime-, meropenem-, gentamicin- or ciprofloxacin-resistant
E. coli on admission was less than 1% whereas resistance rates of amoxicillin with
clavulanic acid and cephalotin were approximately 2 and 4%, respectively.

No significant differences were observed between patients colonized with ampicil-
lin- or trimethoprim with sulfamethoxazole-resistant E. coli and patients not colonized
with these microorganisms with regard to baseline demographics and exposure to an-
tibiotics in the 3 months preceding admission. The number of patients colonized with
resistant Enterobacteriaceae other than E. coli was too small to allow such analysis.

Resistance during hospitalization: transitional events. In the total cohort of pa-
tients, 148 transitional events were observed during 6000 observation days. The

incidence of the transitional events was almost 3 times higher among ICU patients as

0
e compared to general ward patients (Table 3). Only the emergence of trimethoprim
g with sulfamethoxazole resistance in group I microorganisms was more commonly
v

observed in general ward patients. The most frequent event in the ICU population
128

was the emergence of amoxicillin with clavulanic acid, piperacillin with tazobactam
, cefoxitin or cefuroxime resistance in group I microorganisms. About 50% of the
transitional events concerning emergence of ceftazidime resistance occurred in the
oropharyngeal microflora and 80% of emergence of fluoroquinolone resistance in P.
aeruginosa was found in the oropharyngeal microflora. The other transitional events
were detected most often in the fecal microflora.

In the risk factor analysis we excluded 33 transitional events since in the case of
multiple identical transitional events for a patient (e.g. ceftazidime resistance in P. ae-
ruginosa at day 7 and again at day 28), we only included the first event in the analysis.
The remaining 115 events, consisted of changes in resistance in 175 antibiotic-microor-
ganism combinations (Table 4). In 74 (= 52 transitional events) of these 175 changes, a
susceptible isolate of the same species was detected at the previous sampling time (type
I event). In about half of these changes, the more than twofold increase in MIC resulted
in a susceptible or intermediate resistant isolate and not in a resistant isolate as defined
by the NCCLS. Genotyping revealed that in 24 of these 52 events indistinguishable or
closely related fingerprints of the susceptible and resistant strains were found.

Risk factors. Results for the bivariate and multivariate risk factor analysis are out-

lined in Table 5. In bivariate analysis previous exposure to trimethoprim with sulfa-
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Table 5. Risk factors associated with transitional events during stay ICU and general ward

Transitional event / characteristic Case Control HR @ Pvalue HR b Pvalue

crude adjusted

patients patients  (95% Cl) (95% Cl)

Amoxillin with clavulanic acid, piperacillin

with tazobactam, cefoxitin and/or cefuroxime n=38 n=373
resistance in group | microorganisms*

Type of hospital ward

ICU 30 153 1.00

General ward 8 220 0.30(0.14-0.66) 0.003
Medical specialty

Surgical ICU 20 99 1.00

Neurosurgery 2 68 0.22 (0.05-0.96) 0.040
Trimethoprim with sulfamethoxazole n=33 n=378

resistance in group | microorganisms®
Specialty of hospital ward admitted

Surgical ICU 9 110 1.00
Urology 6 40 496 (1.68-14.64) 0.004 1.00
Fluoroquinolones 2 64 0.15(0.03-0.61) 0.009  3.67(1.06-12.7) 0.046
Trimethoprim with sulfamethoxazole 10 38 2.55(1.21-5.41) 0.014  0.11(0.02-0.50) 0.003
Fluoroquinolone resistance in group Il
microorganisms® n=21 n=362
Type of hospital ward admitted
ICU 16 150 1.00
General ward 5 212 0.42(0.15-1.16) 0.090
- Reason for admission
o Surgical 12 206 1.00 0.090
= Trauma 5 2 248 (0.86-7.15)
5 Medical 4 134 0.53(0.17-1.66)
Nasogastric tube® 7 87 4.58(1.02-20.6) 0.050
130
Ceftazidime resistance in group Il n=13 n=370
microorganisms?or P aeruginosa
Type of hospital ward admitted
ICU 12 154 1.00
General ward 1 216 0.09 (0.01-0.68) 0.020
Residential status 48 h before admission
General ward 5 29 1.00
Community 6 341 0.18(0.05-0.61) 0.006
Ampicillin or piperacillin 3 19 4.46(1.20-16.6) 0.030 6.03(1.21-29.93) 0.028
First generation cephalosporins 6 58 3.83(1.27-11.53) 0.020
Nasogastric tube® 9 85 7.99 (1.01-63.45) 0.049
Parenteral nutrition 5 27 3.98(1.12-14.1) 0.032
Fluoroquinolone resistance in P aeruginosa n=10 n=218
Residential status 48 h before admission
General ward 4 22 1.00 1.00
Community 5 195 0.23 (0.06-0.86) 0.029  0.25(0.07-0.95) 0.041
Second generation cephalosporins 3 24 4.01(1.02-15.79) 0.047
Third generation cephalosporins 3 10 4.74(1.20-18.79) 0.027  4.50(1.08-18.77) 0.039

20nly bivariate risk factors with a P value < 0.1 are shown in this table.

® Only multivariate risk factors with a P value < 0.05 are shown in this table.

< Group | microorganisms : E.coli, Klebsiella spp or P. mirabilis.

4 Group Il microorganisms: E.coli, Klebsiella spp, Proteus spp, Serratia marcescens, Enterobacter spp or C. freundii.
¢Assessed in the first 100 consecutive ICU and general ward patients
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methoxazole was significantly associated with an increased risk of resistance of the
group I microorganisms toward this antibiotic (hazard ratio (HR) = 2.6; 95% CI, 1.2 to
5.4). However, after multivariable analyses it was not independently associated. We
observed that admission to the urology department was a risk factor for trimethoprim
with sulfamethoxazole resistance in group I microorganisms (adjusted HR (AHR)
= 3.7; 95% CI, 1.1 to 12.7) whereas fluoroquinolone use was negatively associated
(AHR = 0.11; 95% CI , 0.02 to 0.5).

Previous treatment with ampicillin and/or piperacillin was independently associ-
ated with colonization with ceftazidime resistant group II microorganisms or P. ae-
ruginosa (AHR = 6.0; 95% CI, 1.2-29.9). The use of third generation cephalopsporins
was not a risk factor for the emergence of ceftazidime resistance. However, we
found that previous use of these antibiotics were associated with colonization with
fluoroquinolone resistance in P. aeruginosa (AHR = 4.5; 95% CI, 0.8-18.8). Patients
admitted from the community had a lower risk of colonization with fluoroquinolone
resistance in P. aeruginosa compared to patients who were transferred from a gen-
eral ward (AHR = 0.25; 95% CI, 0.07 to 0.95). The presence of a nasogastric tube was
found to be a risk factor for fluoroquinolone and ceftazidime resistance in group II
microorganisms and P. aeruginosa in bivariate analysis. No independent associations

were observed for the presence of invasive devices.

DISCUSSION

In the present study we assessed risk factors for the emergence of antibiotic resis-
tance in the hospital by analyzing transitional events in the oropharyngeal and fecal
miroflora of patients. We found that the incidence rate of transitional events was
highest in ICU patients. Transitional events concerning ceftazidime resistance in
gram negative bacteria and fluoroquinolone resistance in P. aeruginosa were mainly
observed in the oropharyngeal microflora. The other transitional events were most
often detected in the fecal microflora.

It is remarkable that of the prior antibiotic exposures, only few exposures were
independently associated with the emergence of antibiotic resistance. Exposure to
ampicillin was independently associated with the isolation of ceftazidime resistant
group II microorganismen and P. aeruginosa. This might be related to induction of
AmpC B-lactamases since it is known that ampicillin has an high induction potential
compared to piperacillin, cephalosporins and clavulanic acid (48). An association
between prior exposure to ampicillin and Enterobacteriaceae resistant to multiple
beta-lactam antibiotics has been reported elsewhere (31). We also found a negative

association between the use of fluoroquinolones and colonization with trimethoprim
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with sulfamethoxazole resistant group I microorganisms. Such an association has not
been previously demonstrated. In a recent study analyzing risk factors for emergence
of resistance to broad-spectrum penicillins among Enterobacter spp, fluoroquino-
lone therapy was also found to be a risk factor (32). An explanation might be that
fluoroquinolones eliminate or strongly reduce intestinal Enterobacteriaceae (49). Pa-
tients exposed to third generation cephalosporins were at high risk of colonization
with fluoroquinolone resistant P. aeruginosa. This might be due to up-regulation of
MexAB-OprM (50). These associations deserve further investigation.

In a recent editorial in this journal recommendations were made for case-control
studies of risk factors for emergence of antibiotic resistance. In the present study we
aimed to meet these criteria (16). Case patients were defined as all patients colonized
with the antibiotic-resistant microorganism by conducting a prospective surveillance
of fecal and oropharyngeal specimens rather than just assessing clinical specimens.
Control patients were drawn from the same population as case patients and we ad-
justed for time at risk and severity of illness (51, 52). A limitation of the present study
is that we did not perform separate analysis of patients with genotypically distinct or-
ganisms versus those with genotypically similar organisms. We identified transitional

events within observational intervals and subsequently characterized all preceding

0
< susceptible and resistant isolates of that particular species by PFGE. However, the
k3 results of PFGE revealed that 75% of the resistant strains were not detected on previ-
v

ous sampling times. This suggests acquisition of a resistant strain by horizontal trans-
132

fer between patients or hospital staff rather than development of resistance within
strains already detected on admission. However, we can not exclude that selection
may have occurred within the patients’ own, previously undetected, microflora.

We did not compare genotypes between patients. Since development of resistance
within identical species was low and the overall resistance rates were also low, we
decided not to conduct separate analysis for patients with genotypically distinct and
similar organisms. Since the relatively low number of transitional events, we also had
to assess emergence of resistance in groups of microorganisms rather than perform-
ing separate analysis for each microorganism.

This study may be limited by a relatively small number of cases that may have
hampered our ability to detect significant risk factors. In a previous study we showed
that resistance rates were very low in our hospital population (21). Whether the
results of this study are representative of the conditions in other hospitals mainly
depends on the studied population, the antibiotic policies applied, and the effective-
ness of infection control measures taken to prevent cross-colonization. We suppose
that most of the results will be universal and can be extrapolated to other hospitals.
However, we expect a higher incidence of transitional events, with higher consump-

tion of antibiotics. We identified only a few risk factors, but this may be due to
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the stringent usage of antibiotics and intensive infections control measures in our
hospital and in Dutch hospitals in general (53-55).

In summary, the results of this study show that the incidence rate of transitional
events was highest in ICU patients, except for SXT resistance that we observed pre-
dominantly in patients admitted to the urology department. Specific antibiotics were
found to be independent risk factors for the emergence of resistance. Therefore, in
order to minimize the risk of emergence of resistance during hospitalization, rational
antibiotic prescribing targeted towards these risk factors appears to be warranted.
Patients transferred from general wards to the ICU had a 5 times higher risk for
fluoroquinolone resistance in P. aeruginosa as compared to patient admitted from
the community. This should be taken into account in the empiric treatment of ICU
patients. Furthermore, we found that 75% of the resistant strains were not detected
on previous sampling times. This suggests acquisition of a resistant strain by hori-
zontal transfer between patients or hospital staff rather than development of resis-
tance within strains already detected on admission. However, we can not exclude
that selection may have occurred within the patients’ own, previously undetected,
microflora.

Therefore, two intervention strategies may be indicated. Besides policies to pro-
mote rational use of antibiotics, emphasis must also be placed on infection control
measures directed at the reduction of transmission of resistant microorganisms be-

tween patients and hospital staff.
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INTRODUCTION

The general aim of this thesis was to explore the current emergence of antibiotic
resistance in hospitals. Since there is substantial evidence for the link between resis-
tance and use, studies described in chapter 2 addressed the surveillance of quantita-
tive antibiotic use. The principle theme in these studies was the interpretation of the
data with regards to resistance risks. In chapter 3, the epidemiology of colonization
with antibiotic resistant bacteria in patients during and after hospitalization was
assessed in order to identify risk factors for resistance emergence and to determine
the relevance of transmission of resistance from the community into the hospitals
and vice versa. In this chapter the main findings are discussed, some methodologi-
cal issues are considered that appears to be relevant in the different studies and

perspectives for future studies are presented.

MONITORING OF QUANTITATIVE ANTIBIOTIC USE IN HOSPITALIZED PATIENTS

Interpretation of antibiotic use data expressed in different units of measurement

Data of epidemiological surveillance studies on antibiotic use might be used for
planning, implementing and evaluating interventions in order to optimize antibi-
otic use in a specific setting (1). Over the last decade several national surveillance
systems on antibiotic use have been set up (2-5). Critical assessment of the units of
measurement used to quantify antibiotic use and discussions about the interpretation
of these units are, however, rarely presented in the scientific literature (6-8). Most
of the surveillance systems use the number of DDD per 100 patient days, as recom-
mended by WHO, to compare consumption rates over time, and between hospitals,
geographical regions and countries (9).

The study described in chapter 2.1 aimed to demonstrate the importance of units
of measurement in the interpretation of trends in antibiotic use with regards to
resistance risks. In this study trends in antibiotic use between 1997 and 2001 in 59
Dutch hospitals were analyzed. Total systemic use significantly increased when use
was expressed in defined daily doses (DDD) per 100 patient days whereas expressed
in DDD per 100 admissions it remained constant. Also for some individual antibiotics
increases in DDD per 100 patient days were not accompanied by increases in DDD
per 100 admissions and vice versa. Between 1997 and 2001 the mean number of
admissions, bed days and length of stay decreased significantly. A slightly decrease
(not significant) in total consumption (expressed in DDD) was observed.

Thus, hospitalized patients in the Netherlands did not receive more antibiotics

between 1997 and 2001. Since they remained in the hospital for fewer days, the
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number of DDD per 100 patient days increased. An increase in DDD per 100 bed
days is often interpreted as worrisome with regards to the potential of antibiotic
resistance development. However in this study, a constant use per patient and a
decrease in the number of admissions are indicative for lowering of the selection
pressure. Moreover, an intensification of therapy suggests short duration of therapy
that may lead to less selection of resistant micro organisms (10).

From this study it is concluded that DDD per 100 admissions can be better used
to compare antibiotic consumption rates over time or between different hospitals,
geographical regions or countries. This indicator is less sensitive to changes in hospital
resource indicators over time. The question remains whether DDD per 100 patient
days best represents the selection pressure exerted by antibiotics. To best estimate
the effect of observed trends in antibiotic use on the potential of antibiotic resistance
development, it is advised to present antibiotic use data in DDD per 100 bed days
as well as in DDD per 100 admissions and to register changes in hospital resource

indicators.

In chapter 2.2 trends in antibiotic use in Dutch hospitals between 1997 and 2002 were

analyzed and interpreted as recommended in the previous paragraph. Total systemic

3 use was 58.5 DDD per 100 patient days in 2002. The first results of an European
g surveillance program demonstrates that the Nordic countries and The Netherlands all
v

show a low total antibiotic use compared with other European countries, with a three
140

to four fold difference (11). Such a difference is suggestive for at least inappropriate
use of antibiotics in some countries. In most countries there is a strong correlation
between the characteristics and extent of use in hospital and ambulatory care. This
indicates that common determinants influence antibiotic use within countries.
Regarding trends in antibiotic use over the years in The Netherlands, five main cat-
egories could be distinguished. For macrolides, lincosamides and fluoroquinolones
we found a significant increase over the years for use expressed in DDD per 100
patient days as well as in DDD per 100 admissions. With regards to resistance risks,
an increase in both units of measurement might be an indicator for in-depth audits
to the quality of antibiotic use. For total systemic use, combinations of penicillins in-
cluding betalactamase inhibitors, betalactamase sensitive penicillins, cephalosporins
and glycopeptides a significant increase in DDD per 100 patient days and a constant
use in DDD per 100 admissions has been observed. Between 1997 and 2002 the
total number of admissions and DDD remained constant whereas the number of
patient days and length of stay significantly decreased. As in the previous paragraph
explained, it is arguable whether in this case an increase in DDD per 100 patient
days means an increase in selection pressure. For other subclasses we found no

significant change or a significant decrease in both units of measurement.
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Chapter 2.1 and 2.2 show that it is difficult to answer the question whether the selec-
tion pressure exerted by antibiotics is increased or not over the years. When antibiotic
resistance development is the issue then the units of measurement should be a reflec-
tion of the selection pressure exerted. The main question that remains is what unit of
measurement gives the best correlation with antibiotic resistance and thus best repre-
sents the selection pressure? It is now time to design a study that answers this question.
In the past it has been postulated that at the hospital population level three factors
seems to be important with respect to the selection pressure exerted by antibiotics
(12). First, the total amount of an antibiotic used in a particular geographical area (i.e.
the entire hospital or a ward or unit) over a certain period of time. Secondly, the num-
ber of patients treated with the antibiotic (because they serve as the major “sources”
of resistant bacteria) and thirdly, the density of these patients, i.e. the proportion of
patients on antibiotics in the hospital. Together these factors represent the selection
density. Neither DDD per 100 bed days nor DDD per 100 admissions indicates the
number of patients exposed or the proportion of patients on antibiotics. Only a few
unpublished studies have compared measurement units with respect to relationships
to resistance (13). Most of these studies focused on differences in relationship between
grams per 100 patient days, DDD per 100 patient days and the mean daily dose. The
latter consistently disagreed with the other measures .

Applying time series analysis might be the most optimal study design to determine
the relationship between antibiotic use expressed in different measurement units
and resistance (14). This requires for example 5 years of monthly data on use and
resistance. Antibiotic use might be expressed as DDD per 100 bed days, DDD per
100 admissions, the proportion of patients exposed to antibiotics, the proportion of
bed days on which antibiotics are administered etc. It should also be interesting to
assess whether the unit of measurement that best correlates with resistance is the
same for different antibiotic-microorganism combinations. Moreover, this experiment
should be repeated in a number of other hospitals with preferably different sets of

hospital resource indicators (number of admissions, bed days, length of stay).

Determinants of antibiotic use in hospitals

Antibiotic use surveillance data may be helpful in identifying hospitals with a low or
elevated level of antibiotic use and that are potential candidates for in depth stud-
ies to the quality of antibiotic prescribing. Insight is therefore needed into hospital
characteristics that predict quantitative antibiotic use. In chapter 2.3 a multivariate
linear regression model was constructed with total systemic use of antibiotics as the
dependent outcome variable and institutional, population and care provider charac-

teristics as independent explanatory variables. The number of hospital pharmacists,
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medical microbiologists and infectious disease physicians per 100,000 patient days
appeared to be significant determinants of quantitative antibiotic use. These vari-
ables explained 40% of the variation in antibiotic use.

This result is understandable considering that the relative number of such special-
ists in a hospital strongly correlates with the hospital’s case mix of patients regarding
infectious diseases. We assessed many indirect population characteristics in order to
include a meaningful indicator of the patient case-mix of hospitals. The inclusion
of more disease related variables in the regression model might have explained a

higher proportion of the variability in antibiotic use.

It is desirable to extend studies like this to further delineate the determinants that
explain variability in antibiotic use. Indicators of the case-mix of hospitalized pa-
tients with infectious diseases should be developed. A point prevalence study might
be the preferred study design to obtain insight into the indications where antibiotics
are prescribed for in the individual hospitals. Other variables that might explain the
variability in use might be those related to local antibiotic policies including the
presence of guidelines, restricted lists of antibiotics and presence of antibiotic com-

mittees. Moreover, data on local resistance levels might be included in the model.

Chapter 4

EPIDEMIOLOGY OF COLONIZATION WITH ANTIBIOTIC RESISTANT BACTERIA
IN PATIENTS DURING AND AFTER HOSPITALIZATION

Y
H
N

There are several reasons for assessing bacterial colonization with resistant strains (15).
Bacterial colonization is an important step in the pathogenesis of infections. Many of
the bacteria that comprise the gastro-intestinal microflora may cause infections (16-
18). Knowledge of the prevalence and degree of antibiotic resistance in the fecal and
orophayngeal microflora on admission and during hospitalization may therefore facilitate
the choice of empirical therapy in nosocomial infections (19). Bacterial colonization is of
further interest since fecal bacteria might act as a reservoir for resistance determinants,
plasmids, transposons and other moving genes (20-22). The epidemiology of bacterial
colonization is of interest since the digestive tract is the source from where resistant bac-
teria can spread and cause hospital epidemics. After discharge from the hospital, patients
may remain colonized with resistant bacteria acquired in the hospital and resistance may
disseminate into the community, nursing homes or other institutes.

We therefore performed a large prospective observational study to accurately as-
sess the epidemiology of aerobic gram negative bacteria and Enterococcus species in
the oropharyngeal and intestinal microflora of hospitalized patients from admission

up to three months after discharge.
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Colonization rates and species distribution

In the ICU as well as in the general ward population the aerobic gram negative colo-
nization rates in oropharyngeal specimens increased during hospitalization and did
not decrease in the three months after discharge (chapter 3.3). In rectal specimens,
colonization rates were low during hospitalization and increased in the 3 months
after discharge. A change in species distribution among the dominant oropharyn-
geal and intestinal microfloras was observed during stay at the ICU. Klebsiella spp,
Enterobacter spp, Serratia marcescens and Pseudomonas aeruginosa were more
often isolated during hospitalization, whereas the frequency of E. coli declined.
At discharge from the hospital, the frequency of P. aeruginosa and S. marcescens
in the oropharyngeal microflora was increased. In the general ward population, a
significant increase in the frequency of Klebsiella spp and a significant decrease in
the frequency of E. coli were found in the intestinal microflora at discharge from
the hospital. Three months after discharge, these frequencies returned to the levels

observed on admission.

Enterococcus species were less frequently isolated on admission than during hos-
pitalization (chapter 3.4). One and three months after discharge colonization rates
remained stable and comparable to those during hospitalization. The frequency of
isolation of E. faecium in the ICU population, significantly increased during hospi-
talization, whereas the frequency of

E. faecalis decreased. Both frequencies did not change in the three months after
discharge and were comparable to those observed in the general ward population.

We hypothesize that the high use of specific antibiotics in the ICU suppressed the fecal
microflora to concentrations below the detection limit in a large number of patients (23,
24). In other ICU patients changes in species distribution were observed during hospi-
talization. These changes that occur during hospitalization underscore the importance
of well-tailored empiric antibiotic policies, in particular in ICU patients. The persistence
of P. aeruginosa and S. marcescens colonization in the oropharyngeal microflora of ICU
patients after discharge may have implications for the empirical treatment of infections

that occur during the first months after discharge from the hospital.

Resistance dynamics

In chapter 3.1 the impact of hospitalization on the prevalence of resistant E. coli in
the intestinal microflora of patients admitted to the surgical wards of three Dutch
university-affiliated hospitals was analyzed. Prevalence of resistance was determined

on admission, at time of discharge, and 1 and 6 months after discharge.
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Despite the variation in patient characteristics and antibiotic use between the three
hospitals, no significant differences in the prevalence of antibiotic resistant E. coli
at the different times were observed, except for the overall higher prevalence of
cefazolin-resistant E. coli in patients of the university hospital Maastricht. In this
population a significant decrease in cefazolin resistance between the time of dis-
charge and 6 months after discharge was observed. The low prevalence of resistance
in these surgical populations may be due to a relatively low antibiotic use in these
patients. In hospital populations with a higher consumption of antibiotics, the effect
on the prevalence of resistance is likely to be more pronounced.

We showed in chapter 3.3 that the percentage of ICU patients colonized with ampicil-
lin and/or cephalothin resistant fecal E. coli was significantly increased at discharge
from the hospital and did not further change in the three months after discharge.
In view of the low resistance rates in The Netherlands (25), amoxicillin and first
generation cephalosporins are commonly used antibiotics in the hospital and/or
the community. Amoxicillin is the most frequently used first-line antibiotic in Dutch
primary health care (2). The first generation cephalosporin cefazolin is the drug of

choice for surgical prophylaxis (26). The persistence of ampicillin and cephalothin

3 resistance in fecal E. coli strains in ICU patients is an important observation and may
g influence the empirical regimens and surgical prophylaxis in these patients up to 3
v

months after discharge.
144

Emergence of multi-drug resistance was observed in many gram-negative species
during stay on the ICU. Resistance frequencies in E. coli significantly increased with
length of stay on the ICU. For the general ward population, no significant changes in
resistance frequencies were found during hospitalization. This is consisted with the

results of the study in chapter 3.1.

In chapter 3.5 it was found that the incidence of changes in resistance patterns, the
so called “transitional events” during hospitalization was almost three times higher in
ICU patients compared to general ward patients. The overall incidence of transitional
events in the ICU population was 31 per 1000 observation days. This means, with
a mean length of stay of 12 days, that transitional events occurred in approximately
1 out of 3 patients. This study shows that several antibiotics are found to be inde-
pendent risk factors for the emergence of resistance. No independent associations
were observed for the presence of invasive devices. However, the results of PFGE
revealed that 75% of the resistant strains were not detected on previous sampling
times. This suggests acquisition of a resistant strain by horizontal transfer between

patients or hospital staff rather than development of resistance within strains already
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detected on admission. However, we can not exclude that selection may have oc-
curred within the patients’ own, previously undetected, microflora.

Therefore, two intervention strategies may be indicated. Besides policies to pro-
mote rational use of antibiotics, emphasis must also be placed on infection control
measures directed at the reduction of transmission of resistant microorganisms be-

tween patients and hospital staff.

The percentage of ICU patients colonized with high-level gentamicin (HLG) resistant
E. faecalis increased during hospitalization and decreased in the 3 months after
discharge from the hospital (chapter 3.4). The percentage of patients colonized with
ampicillin resistant E. faecium and high-level gentamicin resistant E. faecalis signifi-
cantly increased with length of stay on the ICU. Genotyping revealed that the major-
ity of these strains were not detected at previous sampling times. This also suggests
horizontal transfer or selection of a resistant strain from the patients’ own microflora

rather than development of resistance within strains.

From the studies in chapter 3.1, 3.3, 3.4 and 3.5 we conclude that the risk of dissemi-
nation of resistant gram-negative bacteria and Enterococcus species into the com-
munity through hospitalized patients appears to be low in general ward patients, but
is noticeably higher among ICU patients. Our study confirms previous observations

that susceptibility trends vary between ICU and general ward patients (27-31).

In contrast with our expectations, the highest resistance rates were not found at
discharge from the ICU but at discharge from the hospital. In the general ward popu-
lations, however, the highest resistance rates were not observed at discharge from
the hospital but 1-month afterwards. A possible explanation is that due to exposure
to antibiotics with a very broad-spectrum during hospitalization, the intestinal micro-
flora has been eliminated or suppressed below the detection limit. If subsequently,
the selection pressure is partly removed and antibiotic treatment is streamlined to
antibiotics with a smaller spectrum, this may result in (re)appearance of initially sup-
pressed resistant bacteria. When the selection pressure is completely removed, the
resistant bacteria will be eventually replaced by the susceptible bacteria and result in

a decline of the resistance percentages.

It appears from our data that most effort to optimize antibiotic prescribing should
be directed towards the ICU population. First, the incidence of transitional events
during hospitalization is almost 3 times higher for patients admitted to the ICU com-
pared to patients admitted to the general ward. This may not only lead to treatment

failure in the patients, but also interfere with the treatment of other ICU patients as
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a result of cross colonization. Secondly, the majority of ICU patients are transferred
to a general ward before discharge from the hospital. The highest resistance rates in
the ICU population were found at discharge from the hospital. This means that these
formerly ICU patients are an important source of resistant bacteria that may transfer
to other patients admitted to the general ward. Thirdly, as the highest resistance
levels are found at discharge from the hospital and did not change in the 3 months
after discharge, there is also a substantial risk for dissemination of resistant strains

that were acquired during the stay in the ICU, into the community.

Prevention of colonization and infection with resistant bacteria should be tailored to
the relative importance of the different acquisition routes: exogenous by cross-colo-
nization or endogenous caused by the selective pressure of antibiotics. We did not
characterize the genotypes of all fecal and oropharyngeal isolates. As we included
patients over a long period of time and from seven hospital departments, we did not
expect to find evidence for cross colonization. Besides, the genotyping of more than
10,000 microorganisms would have been a very laborious and costly exercise. Thus,
we were not able to distinguish between the two routes of transmission. We did

however, determine the genetic relatedness of strains within patients and evidence

3 was found that the majority of resistant isolates is not preceded by the isolation of an
g identical, although susceptible, strain, thereby suggesting the possibility of acquisi-
V)

tion by cross-colonization. If cross-colonization is prevalent, hygiene and infection
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control measures are indicated. However, in the case of endogenous acquisition of
resistant organisms due to selection pressure, an antibiotic restriction intervention
is most likely to stem the tide. As the routes of transmission are unknown, it is im-
portant that an in-depth analysis of the antibiotic prescribing policies is performed.
Otherwise, antibiotics may be restricted unnecessarily, which might deny appropri-
ate therapy to patients with life-threatening infections. At times, the two intervention

strategies may be indicated.

METHODOLOGICAL CONSIDERATIONS

The studies in this thesis addressed a number of interesting methodological issues.

Variability in quantitative antibiotic use between hospitals: prescribed daily doses (PDD) versus DDD

The aim of the study described in chapter 2.3 was to assess determinants of total
systemic antibiotic use in Dutch hospitals. Data on the use of antibiotics in acute

care hospitals in 2001 was expressed in DDD per 100 patient days. To calculate the
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number of DDD it was decided to use the ATC/DDD classification from WHO, ver-
sion 2005, rather than the version of 2001 (9). In 2005, the WHO changed the DDD
of parenteral amoxicillin-clavulanic acid from 1 to 3 grams.

From our database it is obvious that there is a large variability in the use of
amoxicillin-clavulanic acid between Dutch hospitals (data not shown). In some hos-
pitals amoxicillin-clavulanic acid is recommended for a broad range of indications,
whereas in other hospitals this antibiotic is rarely advised and other antibiotics are
preferred. Theoretically, variability in use of amoxicillin-clavulanic acid between
hospitals doesn’t affect the total sum of DDD of antibiotics used in these hospitals.
However, since the DDD of 1 gram in previous years did not correspond with the
actual PDD (in most hospitals 4 grams), total systemic use in hospitals with a high
usage of amoxicillin-clavulanic acid was out of proportion as compared to hospitals
with a low usage. This may bias the study to determinants of antibiotic use. There-
fore, we decided to use the ATC/DDD classification, version 2005. In summary,
a major difference between the DDD and the PDD of an antibiotic of which the
extent of use varies greatly between hospitals, may lead to a high variability in total

systemic use between these hospitals.

Methodology of assessing the gram negative fecal microflora

Methods that have been frequently used for the detection of gram-negative resistant
strains in the intestinal microflora include 1) selective plating, using antibiotic con-
taining agar plates and 2) the so called “colony picking methods” in which a num-
ber of colonies are selected on morphology and minimal inhibitory concentrations
(MICs) are determined by using an agar dilution method. In the study in chapter 3.1
antibiotic containing agar plates were used, whereas in the study in chapter 3.2 a
colony picking method was applied. An advantage of the use of antibiotic containing
plates is that it allows to determine the frequency of resistant/susceptible strains in
each sample whereas the colony picking method has the advantage that it is possible
to quantify the susceptibility of a bacterium against different antibiotics by means
of the MIC. So far, there has been one report that compared these two methods.
Osterblad et al. did not found a significant difference in resistance detection between
the replica plating (a method in which exactly the same colonies were plated onto
both antibiotic-containing and antibiotic free plates by using a replicator) and a five-
colony picking method (32).

MacConkey agar is the most widely used medium for the isolation and differen-
tiation of aerobic gram negative bacteria. In the past years, several chromogenic
agars have been introduced that claimed to allow the presumptive identification of

aerobic gram negative bacteria on the basis of colony morphology and distinctive

Margreet BW.indd 147 27-10-2005 17:44:53



color patterns (33-35). Accurate identification of E. coli on colony morphology and
color may considerably reduce time and costs of fecal screening programs. In the
study in chapter 3.2 we therefore tested three different chromogenic agars and Mac-
Conkey agar for the detection of aerobic gram negative bacteria in stool specimens
and the accuracy of these chromogenic agars for the direct identification of E. coli.
No significant differences in detection rates were found and high positive predictive
values were found for all chromogenic media. The Chromogenic UTT medium and
the Chromagar Orientation were preferred media because of higher negative predic-
tive values. As we aimed to study a proportional sample of the dominant microflora,
an algorithm was defined for the selection of five colonies on colony characteristics.
The choice of picking a number of five colonies has been made on the previous de-
scribed study by Osterblad (32) and on a study in which nearly 80% of the serologic
groups of E. coli identified after an examination of 15 to 25 colonies were present in
the first 5 colonies studied (36).

Resistance rates: percentage of patients colonized with resistant bacteria

In chapter 3.3 and 3.4, the epidemiology of antibiotic resistance was analyzed at dif-

3 ferent times during and after hospitalization. It was decided to report the percentage
k3 of patients colonized with resistant bacteria rather than the percentage of antibiotic
v

resistant isolates within species. This was preferred as from these data one can
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estimate the health and economic impact of antibiotic resistance (37). Due to lost
to follow up as a result of death, transfers and withdrawal from the study, different
numbers of patients were present at the various sampling times. At each sampling
time we included all patients from which specimens were collected. To validate our
data we also calculated the resistance rates for a subpopulation of patients that could
be followed through the entire project. No differences in observed trends were ob-
served between these two methods. Therefore, selection bias due to the differential
follow-up of patients appears to be limited.

The percentage of patients colonized with resistant bacteria at different times was
calculated for each antibiotic. We selected one isolate per patient with the most
resistant result for that particular antibiotic. One may argue that for this reason the
results were likely to be potentially biased towards showing more resistance. How-
ever, this sensitive method was well considered as we assume that the presence of
one resistant bacterium in the dominant intestinal microflora may result in a clinical

infection with that resistant isolate.
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Transitional events

In the study described in chapter 3.5 a new concept regarding the dynamics of
resistance in intestinal bacteria during hospitalization has been introduced: the so-
called “transitional event”. For each patient the number of observational periods
was determined. An observational interval was defined as the time period between
two consecutive samples. Each of these intervals was evaluated for the occurrence
of transitional events. A transitional event was defined as 1) a more than twofold
increase in the log MIC of a bacterial species, isolated at two consecutive sampling
times, for at least one antibiotic, or 2) resistance for at least one antibiotic, in a spe-
cies that was not isolated at previous points in time.

In many studies, emergence of resistance is defined as 1) a change from suscep-
tible to resistant, using the breakpoints of the National Committee for Clinically
Laboratory Standards (NCCLS), or 2) the isolation of a new resistant (NCCLS-break-
point) strain. This is an efficient method to compare various settings. However, it
does not fully reflect resistance dynamics of the intestinal bacterial population during
hospitalization. We hypothesized that many bacteria become less sensitive to antibi-
otics as a result of hospitalization without being necessarily resistant as defined by
NCCLS criteria. Insight in the incidence of these transitional events and clarification
of risk factors for the occurrence of these events may help to further elucidate the
mechanisms of resistance emergence in hospitalized patients.

However, the risk factors analysis is not straightforward. We had to make several
assumptions and evaluate associations with various types of events as outcome. We
decided to perform analyses “on patient level” and not by observational periods. As
a consequence, in the case of multiple specific transitional events for a patient, we
only included risk factors in the time to the first event in the analysis, and left out
the remaining length of stay of that patient in the hospital. Alternatively, we could
have analyzed our data on the level of observational periods, and define risk factors
per period only. This type of analysis assumes that all observational periods, also
within a patient, are independent of each other, which is unlikely. Besides, it as-
sumes that the lag time between exposure and resistance is short, which may be true
for some exposures and events (e.g. selection of resistant strains during exposure to
ciprofloxacin), but may also be longer for others. In our “patient level” analysis we
decided to include the exposure to risk factors between the day of admission and

the last day of the observational period.

Methodological issues concerning studies on risk factors for antibiotic resistance

In chapter 3.5 we describe a prospective cohort-study that aims at investigating risk

factors for colonization with antibiotic resistant gram negative bacteria during stay
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in the hospital. For that purpose patients who got colonized with resistant bacteria
were compared with patients from the same cohort who did not (controls). In a
recently published series of papers major emphasis has been given to three meth-
odological principles for studies on risk factors for antibiotic resistance: method of
control group selection, adjustment for time at risk and adjustment for comorbid
illnesses. We addressed these principles in our study design.

Control group selection. Control patients should be selected from the same source
population that the cases originated from. Most studies on risk factors for antibiotic
resistance select patients with susceptible bacteria as controls. This may overestimate
the contribution of the resistance-defining antibiotic in the development of resis-
tance, because of underdetection of exposure in the source population.

Time at risk. The time at risk represents the duration of the at risk period both for
exposure to antibiotics and for acquisition of the antibiotic resistant bacterium. Pa-
tients who are admitted to the hospital for longer periods are more likely to receive
(several) antibiotics, and are also more likely to become colonized with a resistant
bacterium. The period at risk needs to be measured and controlled in a stratified
or multivariate analysis or by study design (matching). In our study we defined

the time at risk for case patients as the duration between admission and the index

3 (event) date, whereas for control patients exposure was assessed during the total
g observational period. The period of time at risk was controlled for in the multivariate
v

analysis.
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Comorbid illnesses. Patients with comorbid conditions, like immunocompromised
states, likely have an increased risk of acquiring an antibiotic resistant bacterium
and to have received an antibiotic that is risk factor of interest. Therefore comorbid
illnesses also need to be measured and controlled for in a stratified or multivariate
analysis, or by study design (matching). Comorbidity was measured using the defini-
tions of the Dutch National Intensive Care Evaluation (http://www.stichting-nice.nl)
and controlled for in multivariate analysis.

FINAL REMARKS

The general aim of this thesis was to explore the current emergence of antibiotic
resistance in hospitals. This aim has been addressed in two research projects.

The first project concerned the optimization of surveillance of quantitative anti-
biotic use in hospitals. Studies were performed in which the interpretation of these
data were the central theme. These studies had an exploratory character and also
aimed at opening discussions at the international level about what units of measure-

ment can be best used to compare antibiotic use between countries and what unit
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of measurement do best reflect antibiotic resistance. Future research should assess
the relationship between different antibiotic use measures and resistance. Up to now
determinants of antibiotic use has hardly been studied. We conclude that the case-
mix of hospitalized patients with infectious diseases appears to be a very important
determinant and recommend developing a good indicator for this case-mix.

The second project concerned research on the epidemiology of colonization with
antibiotic resistant bacteria in patients during and after hospitalization. New insight is
obtained in the incidence of resistance in our hospital and in the exchange of resis-
tant bacteria between the hospital and the community. Risk factors for development
of antibiotic resistance were determined. Future studies in our hospital should focus
on the relative importance of the different colonization routes since interventions
should be tailored on the relative contribution of these routes to the resistance prob-
lem. These routes may be assessed by microbiological surveillance in combination
with genotyping but also by mathematical modelling (38). In our hospital, such stud-
ies may best be conducted at the ICU as our resistance data points to a highly dy-
namic bacterial population in these patients. In contrast with the presented studies in
this thesis, such a study should include all patients in a relatively small geographical
area in a sufficiently long time series. Furthermore, it would be interesting to assess
the epidemiology of resistance in the intestinal microflora in other hospitals. Con-
firmation of our findings with respect to the delay between use and the emergence
of resistance (the highest resistance levels in the ICU population were not found at
discharge from the ICU but at discharge from the hospital) and the persistence of
resistance in the months after discharge from the hospital, is needed. Moreover, we
expect resistance problems, also in the general wards, to be more pronounced in
settings with a higher consumption of antibiotics.

Ultimately, it is expected that future interventions based on the findings in this

thesis will help to reduce the problem of antimicrobial resistance.
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Antimicrobiéle resistentie maakt infecties moeilijk behandelbaar en kan de duur
en de ernst van de ziekte verergeren. In Nederland is het percentage antibiotica-
resistente micro-organismen laag vergeleken met andere Europese landen en de
Verenigde Staten. De resistentiepercentages nemen de laatste jaren echter toe en
regelmatig treden uitbraken met multi-resistente micro-organismen op in de Neder-
landse ziekenhuizen. Maatregelen zijn nodig om de ontwikkeling van resistentie en
de verspreiding ervan tegen te gaan. Het doel van het onderzoek beschreven in dit
proefschrift is om meer inzicht te krijgen in de huidige ontwikkeling van resistentie
in ziekenhuizen. De onderzoeken in dit proefschrift richten zich op het meten van
kwantitatief antibioticagebruik in de Nederlandse ziekenhuizen en op de epidemi-
ologie van kolonisatie met resistente bacterién tijJdens en na opname van patiénten

in het ziekenhuis. Hoofdstuk 1 is een algemene inleiding tot dit proefschrift.

Om het verband tussen resistentie ontwikkeling en antibioticagebruik op lokaal,
regionaal, nationaal en internationaal niveau nader te kunnen onderzoeken, zijn
allereerst resistentie en gebruiksgegevens noodzakelijk. Pas daarna is het mogelijk
de effecten van een goed antibioticagebruik en preventieve maatregelen te onder-
zoeken en vervolgens onderbouwde maatregelen te nemen. In de jaren negentig
hebben diverse autoriteiten de aanbeveling gedaan een nationaal bewakingssysteem
op te zetten voor intramuraal antibioticagebruik.

In het onderzoek in hoofdstuk 2.1 wordt het belang van gebruikte meeteen-
heden om antibioticagebruik uit te drukken onderstreept. Het antibioticagebruik
in de Nederlandse ziekenhuizen tussen 1997 en 2001 is uitgedrukt in defined daily
doses (DDD) /100 patiéntdagen. Het gebruik van deze meeteenheid wordt door
de World Health Organization aanbevolen. In dit onderzoek wordt daarnaast een
nieuwe maat geintroduceerd, namelijk het aantal DDD/100 opnamen. Gesteld wordt
dat het alleen weergeven van het aantal DDD/100 patiéntdagen niet voldoende is
omdat die maat gevoelig is voor veranderingen in de zogenaamde kengetallen van
ziekenhuiszorg, met name voor veranderingen in de gemiddelde ligduur en het
aantal opnamen. Deze kengetallen beinvloeden de grootte van het noemergetal
(aantal patiéntdagen) aanzienlijk. Zo is het totaal antibioticumgebruik uitgedrukt in
DDD/100 patiéntdagen gestegen van 47.2 naar 54.7 DDD/100 patiéntdagen terwijl
het aantal DDD/100 opnamen in dezelfde periode niet is gestegen. Het verschil in
deze twee trendlijnen is te verklaren door een afname in de gemiddelde ligduur per
opname (deze was 8,2 dagen in 1997 en 6,9 dagen in 2001) en een daling van het
aantal opnamen met 10% in deze periode.

In hoofdstuk 2.2. ligt de nadruk op de interpretatiec van de gemeten trends in
antibioticumgebruik uitgedrukt in DDD/100 patiéntdagen en in DDD/100 opnamen.
In dit hoofdstuk worden trends in antibioticumgebruik over de jaren 1997 en 2002
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gemeten. Ook hier vinden we een stijging in totaal antibioticagebruik wanneer het
wordt uitgedrukt in DDD/100 patiéntdagen en een constant gebruik in DDD/100
opnamen. Een zelfde trend wordt waargenomen voor amoxicilline met clavulaan-
zuur, beta-lactamase gevoelige penicillines, cephalosporines en de glycopeptiden.
Dit kan als volgt worden geinterpreteerd: per opname, dat wil zeggen per patiént,
worden niet meer antibiotica voorgeschreven, maar omdat de patiént gemiddeld
steeds korter in het ziekenhuis verblijft neemt het aantal DDD/ patiéntdagen wel toe.
Men zou kunnen stellen dat wel sprake is van toegenomen selectiedruk, immers er
worden meer antibiotica per ligdag gebruikt, maar op ziekenhuisniveau neemt daar-
mee de selectiedruk alleen toe als het aantal bedden en de bedbezetting constant
zou zijn gebleven. Dit is echter niet het geval.

Voor de macroliden, de lincosamiden en de fluorochinolonen is het aantal DDD/100
patiéntdagen en het aantal DDD/100 opnamen gestegen. Voor deze middelen is
vermoedelijk wel sprake van een toegenomen selectiedruk.

Het antibioticagebruik in de Nederlandse ziekenhuizen is laag in vergelijking met
de meeste Europese landen. De variatie in antibioticagebruik tussen de Nederlandse
ziekenhuizen is echter aanzienlijk (in 2001 is het mediaan totaal antibioticagebruik
45.6 DDD/100 patiéntdagen (laagste waarde = 26,1; hoogste waarde =65.9).

Hoofdstuk 2.3 beschrijft een onderzoek naar determinanten van antibioticage-

bruik. In dit onderzoek zijn onafhankelijke variabelen meegenomen die het instituut,

het soort patiénten en de intensiteit van zorg door (mede) behandelaars weergeven.
158 Het blijkt dat een toename van het aantal ziekenhuisapothekers, arts-microbiologen
en internist-infectiologen per 100.000 verpleegdagen gepaard gaat met een hoger
gemiddeld antibioticagebruik (R* = 0,40). De in het onderzoek meegenomen varia-
belen lijken niet afdoende te zijn voor het beschrijven van de populatie patiénten
met infectieziekten. Het ontwikkelen van een goede indicator voor deze casemix

moet dan ook prioriteit hebben bij toekomstig onderzoek.

Om verschillende redenen is het belangrijk onderzoek te doen naar kolonisatie
met resistente bacterién. Allereerst kunnen bacterién die normaal voorkomen in het
maagdarmkanaal soms ook aanleiding geven tot klinische infecties. Kennis van de
mate van resistentie van bacterién in de mond-keel- en darmflora kan de keuze van
empirische therapie vergemakkelijken. Daarnaast kunnen fecale bacterién een reser-
voir vormen voor plasmiden, transposons en andere mobiele genetische elementen
die in verschillende soorten bacterién resistentie voor antibiotica veroorzaken.
Tenslotte is de epidemiologie van kolonisatie met resistente bacterién interessant
omdat het maagdarmkanaal vaak de bron is van waaruit resistente bacterién zich
in een ziekenhuis verspreiden en uitbraken van infecties veroorzaken die moeilijk

behandelbaar zijn.
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In hoofdstuk 3.1 wordt de invloed van opname in het ziekenhuis op het
voorkomen van resistente E. coli bacterién in de darmflora van patiénten prospectief
onderzocht. De studiepopulatie bestond uit patiénten die op chirurgische afdelingen
van de academische ziekenhuizen in Groningen, Maastricht en Rotterdam werden
opgenomen. Van deze patiénten werd ontlasting verzameld bij opname in het ziek-
enhuis, bij ontslag, en 1 en 6 maanden na ontslag uit het ziekenhuis.

In het algemeen werden lage percentages resistentie gemeten en werden geen
verschillen gevonden in het voorkomen van resistentie op de verschillende afna-
metijdstippen. Deze lage percentages resistentie kunnen mogelijk worden verklaard
door het relatief lage gebruik van antibiotica in deze patiéntenpopulatie.

Hoofdstuk 3.2 beschrijft de ontwikkeling van een eenvoudige methode voor het
screenen van de darmflora op resistente Gram-negatieve bacterién. Hiertoe werden
drie verschillende chromogene media en MacConkey agar vergeleken met betrek-
king tot de detectie van verschillende soorten aerobe Gram-negatieve bacterién.
Daarnaast is bepaald welke van de drie chromogene media het meest geschikt is
voor directe identificatie van E. coli op basis van de kleur van de kolonie. Omdat
E. coli de meest voorkomende aerobe Gram-negatieve bacterie is in de darmflora
kan een dergelijke identificatie kostenbesparend zijn. Er werd geen verschil gevon-
den in detectievermogen. De positief voorspellende waarde verschilden eveneens
niet. De negatief voorspellende waarde was hoger voor Chromogenic UTI medium
en Chromagar Orientation in vergelijking met Chromagar E. coli /Coliform. Verder
wordt geconcludeerd dat het met de chromogene media mogelijk is een algoritme te
ontwikkelen waarmee de dominante darmflora naar kwantitatief voorkomen van de
verschillende darmbacterién kan worden bemonsterd.

De epidemiologie van kolonisatie met aerobe Gram-negatieve bacterién en Entero-
coccus species is onderzocht tijJdens en na opname van patiénten in het ziekenhuis
(hoofdstuk 3.3 en 3.4). De onderzoekspopulatie bestond uit 228 verpleegafdeling
patiénten en 183 patiénten opgenomen op intensive care afdelingen. Rectale uit-
strijken of feces, en uitstrijken uit de mond-keelholte, werden verzameld bij opname,
tijdens opname, bij ontslag uit het ziekenhuis en 1 en 3 maanden na ontslag. In
totaal werden 6069 Gram-negatieve bacterién en 5121 enterococcen geisoleerd, gei-
dentificeerd en getest voor antimicrobiéle resistentie.

Bij opname en ontslag van de IC was slechts in 35% van de patiénten het darm-
kanaal gekoloniseerd met aerobe Gram-negatieve bacterién en in 50-60% met en-
terococcen.

Bij opname op de IC was 20% van de patiénten in de mond-keelholte gekoloni-
seerd met Gram-negatieve bacterién; bij en na ontslag van de IC was dit 30-40%.
Zowel in de darmflora als in de mond-keelholte werd bij ontslag van de IC een

verschuiving waargenomen in het relatieve voorkomen van E. coli ten opzichte van
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andere Enterobacteriacea en P. aeruginosa. Deze verschuiving was reversibel. Tus-
sen opname en ontslag van de IC werd een verschuiving gezien van E. faecium naar
E. faecalis. Over het algemeen waren de resistentiepercentages laag. Ampicilline
en cephalotine resistentie in E. coli namen toe tijdens ziekenhuisopname en bleven
verhoogd tot 3 maanden na ontslag. Het percentage patiénten met resistente bacte-
rién (E. coli, E. faecalis, E. faecium) nam toe met de opnameduur op de IC. Dit is
eveneens het geval voor het percentage patiénten met multiresistente E. coli.

De patiénten opgenomen op de verpleegafdelingen zijn bij opname niet gekoloni-
seerd met Gram-negatieve bacterién. Echter bij en na ontslag uit het ziekenhuis is 20%
gekoloniseerd. In deze patiéntenpopulatie werd geen verschuiving waargenomen
in relatief voorkomen van verschillende bacteriesoorten tijdens en na opname in
het ziekenhuis. De gemeten resistentiepercentages waren laag en veranderden niet
tijdens of na verblijf in het ziekenhuis.

Geconcludeerd wordt dat het risico van verspreiding van resistente Gram-negatieve
bacterién en enteroccoccen van het ziekenhuis naar de open bevolking laag is bij de
verpleegafdeling patiénten, maar aanzienlijk hoger is bij patiénten opgenomen op
de intensive care afdeling. Het is aanbevelenswaardig om dit onderzoek te herhalen
in andere ziekenhuizen om de generaliseerbaarheid van het onderzoek vast te stel-
len. Het is te verwachten dat in ziekenhuizen met een hoger antibioticagebruik, de

ontwikkeling van resistentie tijdens verblijf hoger zal zijn, niet alleen op de intensive

care afdelingen maar ook op de verpleegafdelingen.

e In het onderzoek beschreven in hoofdstuk 3.5 zijn risicofactoren voor het ont-
staan van antimicrobiéle resistentie in Enterobacteriaceae en P. aeruginosa tijdens
ziekenhuisopname onderzocht. De onderzoekspopulatie is gelijk aan die in de
hoofdstukken 3.3 en 3.4. De ontwikkeling van resistentie tijdens opname wordt
uitgedrukt in het aantal “transitional events” per 1000 observatiedagen. In de IC
populatie is de incidentie van transitional events drie keer hoger dan in het cohort
van verpleegafdeling patiénten.

Genotypering met behulp van pulsed field gel electroforese laat zien dat de meer-
derheid van de resistente stammen niet op voorgaande afname tijdstippen werd
waargenomen. Dit suggereert een horizontale verspreiding van resistente bacterién
tussen patiénten in het ziekenhuis. Opname op de afdeling urologie is geassocieerd
met cotrimoxazol resistentie in E. coli en Klebsiella spp. Het gebruik van de fluoro-
chinolonen is hiermee negatief geassocieerd. Het gebruik van ampicilline verhoogde
het risico van ceftazidim resistentie in Gram-negatieve bacterién. IC-patiénten die
overgeplaatst waren van een verpleegafdeling hadden een verhoogd risico op fluo-
rochinolonen resistentie in P. aeruginosa,, evenals patiénten die derde generatie

cefalosporinen hadden gebruikt.
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De resultaten van dit onderzoek rechtvaardigen twee interventie strategieén: maa-
tregelen die de selectieve druk van antibiotica verminderen moeten gecombineerd
worden met maatregelen die de verspreiding van resistente micro-organismen tegen-

gaan.

In hoofdstuk 4 worden de belangrijkste resultaten samengevat en besproken. Daar-
naast worden een aantal methodologische aspecten beschreven. Vervolgens worden

aanbevelingen gedaan voor toekomstig onderzoek.

In conclusie, de studies in dit proefschrift hebben laten zien dat de keuze van de
meeteenheid bepalend kan zijn voor gemeten trends in antibioticagebruik over de
jaren. Toekomstig onderzoek dient zich te richten op de vraag welke meeteenheid
het meest geschikt is voor vergelijking van kwantitatief antibioticagebruik tussen
geografische locaties en over de tijd, en welke meeteenheid een goede correlatie
geeft met de ontwikkeling van antibioticaresistentie. Verder is vastgesteld dat pri-
oriteit gegeven moet worden aan het ontwikkelen van een goede indicator voor de
case-mix van patiénten met infectieziekten in een ziekenhuis, teneinde het kwantita-
tieve gebruik van antibiotica in een individueel ziekenhuis te kunnen beoordelen.

Daarnaast hebben we laten zien dat de resistentieproblematiek in ziekenhuizen
zich hoofdzakelijk beperkt tot intensive care patiénten. Echter, de resistentieper-
centages in deze populatie zijn relatief laag. Het is aanbevelenswaardig het onder-
zoek naar de epidemiologie van resistentie tijdens en na ontslag in het ziekenhuis
te herhalen in een ziekenhuis met een hoger gebruik van antibiotica. Een dergelijke
studie kan onze bevindingen bevestigen dat resistentiepercentages het hoogst zijn
bij ontslag uit het ziekenhuis (IC patiénten) en 1 maand na ontslag uit het ziekenhuis
(verpleegafdeling patiénten), en vervolgens verhoogd blijven gedurende de drie
maanden na ontslag uit het ziekenhuis.

Uiteindelijk zullen de uitkomsten van toekomstige interventiestudies, gebaseerd
op onder meer de bevindingen in dit proefschrift, moeten leiden tot een reductie van

de resistentieproblematiek in ziekenhuizen.
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De afgelopen jaren heb ik met zeer veel mensen van verschillende afdelingen en
ziekenhuizen samengewerkt aan de onderzoeken die ten grondslag liggen aan dit
proefschrift. Het is niet mogelijk iedereen persoonlijk te bedanken, maar een aantal

mensen wil ik graag met name noemen.

Allereerst wil ik de mensen bedanken die me gedurende het gehele promotietraject
met raad en daad hebben bijgestaan.

Prof. dr. Henri Verbrugh, mijn eerste promotor, ik ben je zeer dankbaar voor de
prettige en stimulerende samenwerking. Menigmaal wist je door middel van een
paar kritische vragen mijn onderzoeksproblemen te doorgronden en verliet ik je
kamer met een opgelucht gevoel. Ik ben je zeer erkentelijk voor de vrijheid die je me
hebt geboden, waardoor ik ook landelijk activiteiten kon ondernemen op het gebied
van antibioticagebruik- en resistentie.

Mijn tweede promotor, prof. dr. Arnold Vulto, jouw gezond-kritische houding zette
regelmatig aan tot nadenken en je zo kenmerkende enthousiasme en geestdrift heb-
ben me gemotiveerd. Daarbij heb je altijd oog gehouden voor mijn achtergrond als
ziekenhuisapotheker en de mogelijkheid in het Erasmus MC te blijven werken. Ik
ben je hiervoor zeer dankbaar.

Dr. Endtz, beste Hubert, copromotor, jij bent de afgelopen jaren als een mentor
voor me geweest. Het idee voor de RADAR-studie is aan jouw brein ontsproten.
Samen hebben we er vorm aan gegeven. Je hebt me wegwijs gemaakt in de aanvan-
kelijk onbekende wereld van de microbiologie waardoor mijn vakjargon inmiddels
flink is uitgebreid. Wanneer ik je hulp nodig had stond je altijd voor me klaar.
Bedankt voor alles wat je voor me hebt gedaan.

Dr Gyssens, beste Inge, jij was de aanstichtster van dit alles. Toen ik in 1998 “de
flow-chart van Gyssens” gebruikte voor mijn registratie-onderzoek kon ik nog niet
vermoeden waartoe dit zou leiden. Je hebt me warm gemaakt voor onderzoek bij de
afdeling Medische Microbiologie en Infectieziekten en me gestimuleerd om actief te
worden binnen de SWAB en ESGAP. Je gedrevenheid en juist geplaatste kritiek op
de onderzoeken in dit proefschrift zijn voor mij van grote waarde geweest. Bedankt

VvOOr je vertrouwen in mij.

Daarnaast wil ik alle patiénten bedanken die hebben deelgenomen aan de verschillende
studies. Ik heb het als heel bijzonder ervaren dat de meeste patiénten, ondanks hun

soms zeer ernstige ziekte, bereid waren een bijdrage te leveren aan de wetenschap.
De artsen en verpleegkundigen van de afdelingen 37, 4M, 47, 6Z, 7N, 7Z, 97, 10M,

10N, 10Z en de SVLO van het Erasmus MC dank ik voor hun bijdragen aan de on-
derzoeken beschreven in dit proefschrift.
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Het onderzoek beschreven in hoofdstuk 3.1 maakt deel uit van het EMAR-project.
Dit project werd gecodrdineerd vanuit de afdeling Medische Microbiologie in Maas-
tricht en werd uitgevoerd op chirurgische afdelingen in de academische ziekenhui-
zen in Maastricht, Rotterdam en Groningen. Dr. Nienke Bruinsma, Lucy Hoffman, Dr.
Ellen Stobberingh, Linda Wildeboer en Prof. dr. John Degener wil ik danken voor de

prettige samenwerking.

De studies beschreven in hoofdstuk 3.2, 3.3, 3.4 en 3.5 maken onderdeel uit van de
RADAR-studie. Aan dit onderzoek hebben veel mensen een bijdrage geleverd.

Allereerst wil ik Irma Kershof en Patty Roovers bedanken. Zij verdienen een lintje.
Met zeer veel toewijding hebben ze van 6069 gram-negatieve bacterién en van 5121
enterococcen de identiteit en het gevoeligheidspatroon bepaald. Heel erg bedankt
voor jullie enorme bijdrage aan het project.

Dr. Alewijn Ott bood me hulp als ik niet meer verder kwam op het gebied van de
epidemiologie en statistiek. Ik ben je dankbaar voor de discussies die we gevoerd
hebben en je waardevolle bijdrage aan de verschillende RADAR-artikelen. Ik sluit me
aan bij de woorden van mijn voorganger Heiman Wertheim: “je bent goud waard”.

Dr. Roel Verkooijen heeft me geholpen bij het ontwikkelen van een case-record
form die rechtstreeks in SPSS kon worden ingelezen. Heel erg bedankt voor je hulp.

Ook de studenten (Bianca Heinerman en Anthonie van der Wekken), stagiaires

(Diana van Netten, Liesbeth van Reij en Sharon Arnell) en researchverpleegkundige
1ee Gonny van Eijken wil ik danken voor hun bijdrage aan het onderzoek.

Het “revolving fund” van de Medical Research Advisory Board van het Erasmus MC
wil ik bedanken voor het toekennen van een grant voor de RADAR-studie.

Verder wil ik alle medewerkers van de afdeling Medische Microbiologie en Infectieziek-

ten bedanken. Mede dankzij jullie kijk ik met veel plezier terug op de afgelopen jaren.

De onderzoeken beschreven in hoofdstuk 2 van dit proefschrift zijn voortgekomen
uit mijn werkzaamheden voor de Stichting Werkgroep Antibioticabeleid (SWAB).

De SWAB werkgroep “Surveillance antibioticagebruik” (Fedor Baart, Rob Janknegt,
Yves Liem, Anouk Lindemans, Paul van der Linden, Stephanie Natsch, Han de Nee-
ling en Arnold Vulto) dank ik voor de constructieve werkgroepvergaderingen en
bijdragen aan hoofdstuk 2 van dit proefschrift.

De deelnemende ziekenhuisapotheken wil ik op deze plek nogmaals bedanken
voor hun voortdurende medewerking om data aan te leveren ten behoeve van de
SWAB surveillance van antibioticagebruik.

Jeroen Schouten en Reinier Akkermans wil ik bedanken voor hun bijdrage aan het
onderzoek naar determinanten van antibioticagebruik. Ik hoop dat de samenwer-

king wordt voortgezet.
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Het management team van de European Study on Anibiotic Consumption (ESAC),
onder leiding van prof. dr. Herman Goossens, wil ik bedanken voor de inspirerende
internationale bijeenkomsten. Deze hebben zeker bijgedragen aan de discussies in
dit proefschrift.

De medewerkers van de ziekenhuisapotheek, onder leiding van dr. Peter Roos, wil
ik bedanken voor hun geduld. Ik ben blij nu deel uit te maken van het apotheek-
team. Peter van Bennekom wil ik in het bijzonder bedanken voor het constructief
meedenken over de geautomatiseerde verzameling van antibiotica gebruiksgegevens
in het Erasmus MC.

De leden van de promotiecommissie dank ik voor hun bereidheid het manuscript

te beoordelen.

Yves Liem en Juliette Severin wil ik bedanken voor hun ondersteuning als paranimf.
Met jullie beiden heb ik in de afgelopen jaren veel van mijn onderzoeksperikelen
gedeeld; met Yves als mede-auteur van een aantal artikelen in dit proefschrift, met

Juliette als kamergenoot op de 17% en als mede-onderzoeker in de AMRIN studie.

Familie, schoonfamilie en vrienden wil ik op deze plek bedanken voor de interesse
voor de stand van zaken rond het proefschrift. Ik ben bljj jullie het resultaat van al
het gezwoeg te kunnen laten zien. Cor en Thea, mijn schoonouders, volgend jaar ga

ik weer mee asperges eten.

Mijn ouders wil ik danken voor hun onvoorwaardelijke steun. Jullie beider profes-
sionele interesses zijn terug te vinden in dit proefschrift. Van mijn moeder heb
ik de belangstelling voor de farmacie meegekregen, van mijn vader die voor het
wetenschappelijk onderzoek.

Een mooie synergie.

Lieve Joep, jouw opgewektheid en blije “mama thuis” hebben me de afgelopen twee
jaar eindeloos veel energie gegeven.

Lieve Rob, het schrijven van het proefschrift zit er nu op. Bedankt voor je nim-
mer aflatende steun en adviezen. Van nu af aan meer gezamenlijke avonden en

weekenden.

Margreet Filius
september 2005
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CURRICULUM VITAE

Margreet Filius werd op 30 mei 1969 te Ede geboren. In 1987 behaalde zij het VWO
diploma aan het Heldring College te Zetten en begon ze met de studie Farmacie aan
de Universiteit Utrecht. In 1992 werd het doctoraalexamen afgelegd en startte ze
met de opleiding tot apotheker. In 1994 heeft ze stage gelopen in het kader van een
Erasmus-uitwisselingsprogramma in de General Infirmary te Leeds, Groot-Brittanié.
In 1994 werd het apothekersdiploma behaald.

Daarna werkte zij als apotheker in verschillende ziekenhuizen en werd zij opge-
leid tot ziekenhuisapotheker in het Zaans Medisch Centrum te Zaandam (opleider
drs F.A. Boom) en het VU Medisch Centrum te Amsterdam (opleider drs A.C. van
Loenen) (1996-2000).

In 2000 trad ze als onderzoeker in dienst bij de afdeling Medische Microbiologie
en Infectieziekten van het Erasmus MC te Rotterdam (prof. dr. H.A. Verbrugh). Het
onderzoek werd uitgevoerd in samenwerking met de afdeling apotheek van het
Erasmus MC (prof. dr. A.G. Vulto) en heeft geleid tot het voorliggende proefschrift.

Sinds 2001 is zij tevens werkzaam als coordinator van de werkgroep “Surveillance
antibioticagebruik” van de Stichting Werkgroep Antibioticabeleid (SWAB). Zij is “na-
tional representative” in de European Study on Antibiotic Consumption (ESAC) en is
bestuurslid van de European Study Group on Antibiotic Policies (ESGAP).

Ze werkt thans als ziekenhuisapotheker bij de afdeling apotheek van het Erasmus

MC. Zij woont samen met Rob Aarnoutse en is de trotse moeder van hun zoon

Joep.
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