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Abstract Objective: Bacterial respi-
ratory tract colonization predisposes
critically ill patients to intensive care
unit (ICU)-acquired infections. It
is unclear to what extent systemic
antibiotics affect colonization per-
sistence. Persistence of respiratory
tract colonization, and the effects of
systemic antibiotics hereon, were de-
termined in a cohort of ICU patients.
Design: Clinical and microbiological
data were collected from 715 admitted
mechanically ventilated ICU patients
with bacterial growth documented in
respiratory tract samples. First day of
colonization, persistence of coloniza-
tion and antibiotic effects hereon were
analyzed for six groups of pathogens:
Pseudomonas aeruginosa, Acineto-
bacter species, Enterobacteriaceae,
Staphylococcus aureus, Streptococ-
cus pneumoniae and Haemophilus
influenzae. Systemic antibiotics
were grouped into ‘effective’ and
‘ineffective’ antibiotics, based on
in-vitro susceptibility data for the
relevant bacteria. The effects of an-
tibiotics were quantified as relative
risk (RR) of bacterial persistence in
the absence of effective antibiotics.
Measurements and results: Persis-

tence of colonization differed signif-
icantly between pathogens, ranging
from 4 days (median) for H. influen-
zae and Strep. pneumoniae to 8 days
for P. aeruginosa. Systemic antibi-
otics were administered on 7,102
(61%) of patient days. Antibiotic use
was associated with non-persistence
for all pathogens, except Acinetobac-
ter species and P. aeruginosa. RR
for non-persistence (as compared to
ineffective or no antibiotics) ranged
from 3.1 (95% CI 1.4–6.6) for
H. influenzae to 0.5 (0.3–1.0) for
Acinetobacter species. Conclusions:
In mechanically ventilated patients,
persistence dynamics of bacterial
respiratory tract colonization, and
the effects of (in-vitro) effective
antibiotics hereon, are pathogen-
specific.

Keywords Respiratory tract coloniza-
tion · Bacterial persistence · Antibiotic
use

Introduction

Respiratory tract colonization with nosocomial bacteria
predisposes critically ill patients to life-threatening infec-
tions, such as ventilator-associated pneumonia (VAP) [1].

Approximately one quarter of intensive care unit (ICU)
patients develop VAP, which makes it the most frequently
occurring ICU-acquired infection, responsible for the
majority of antibiotic prescriptions in the ICU [2]. In
patients admitted to the ICU directly from the community,
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the upper respiratory tract flora changes from so-called
early-onset bacteria (such as Streptococcus pneumoniae,
Haemophilus influenzae and Staphylococcus aureus) to
typical late-onset (or nosocomial) pathogens (such as
enteric Gram-negative bacteria, Pseudomonas aeruginosa
and Acinetobacter species). The mechanisms underlying
this ecological change remain largely unknown, though
a role of antibiotics herein seems plausible. Only a propor-
tion of the colonized patients will develop VAP, usually
after a gradual change from asymptomatic colonization to
clinical infection.

Bacterial colonization of the respiratory tract fre-
quently persists, even when a patient receives antimicro-
bial treatment, and even though the colonizing bacteria
are, in vitro, susceptible to the antibiotics. The capacity of
bacteria to continue to grow in the presence of antibiotics
was demonstrated long ago [3], in vitro, and such bacteria
were called ‘persister’ cells. Such persister cells appear to
be specialized survivors [4, 5].

A cohort of mechanically ventilated ICU patients was
used to investigate the phenomenon of persistent respira-
tory tract colonization and the effects of systemic antibi-
otics hereon, by analyzing endotracheal aspirate cultures
performed during ICU stay. We hypothesized that antibi-
otics with presumed efficacy, based on in-vitro susceptibil-
ity testing, reduce the likelihood of persistence of respira-
tory tract colonization, compared to antibiotics presumed
to be ineffective or when no antibiotics were administered
at all. Of note, we did not investigate the effects of topi-
cal antibiotics. Previously, we described the construction
and evaluation of a computerized decision-support system
for diagnosing VAP [6]. This computer system, based on
Bayesian statistics, computes the likelihood that a mechan-
ically ventilated ICU patient suffers from VAP. The next
step in model development is to have the model predict the
most likely pathogen causing VAP. The analyses described
in the current manuscript were needed as input for optimiz-
ing the predictive performance of the computer system.

Materials and methods

Patients

All patients admitted to two adult ICUs (a ten-bed medical
ICU and an eight-bed neurosurgical ICU) of the Univer-
sity Medical Center Utrecht (UMCU) between 1 January
2000 and 1 January 2003 were included in this observa-
tional cohort study. Patients with cystic fibrosis were
excluded, as they frequently are chronically colonized by
P. aeruginosa [7]. The UMCU is a 1,062-bed tertiary care
hospital. In both ICUs all relevant clinical, laboratory
and microbiological variables are registered on a daily
basis in computerized patient data management systems.
The institutional review board waived the necessity of
informed consent for this observational study.

Definitions

Respiratory tract colonization (hereafter often referred to
as ‘colonization’) status is based on microbiological cul-
ture results of endotracheal aspirates, which were obtained
as part of daily patient care, without specific surveillance
protocol. Samples were analyzed semi-quantitatively
(three-quadrant streak method), and culture positivity
was defined as any growth [8]. Absence of a pathogen
was considered ‘negative’. Distinction was made between
patients who were ‘colonized on admission’ and patients
who ‘acquired colonization during ICU stay’.

Colonization was analyzed for the following bacterial
species: P. aeruginosa, Acinetobacter spp., Enterobacteri-
aceae, Staph. aureus, H. influenzae and Strep. pneumoniae.
The group of Enterobacteriaceae contains multiple species,
including Escherichia coli, Klebsiella pneumoniae, Kleb-
siella spp. , Proteus mirabilis, Citrobacter spp., Enterobac-
ter cloacae, Enterobacter spp., Morganella spp. and Ser-
ratia spp.

Bacterial colonization and persistence

Colonization on admission was defined as a positive
culture obtained ≤ 48 h after ICU admission. Acquired
endotracheal colonization with a certain pathogen was
defined as colonization demonstrated > 48 h after ICU
admission and preceded by a negative culture for that
specific pathogen. The first day on which a specific
pathogen was detected was considered ‘the first day of
colonization’. When no culture results were obtained
within 48 h after ICU admission, the microbiological sta-
tus of a patient on admission was considered “unknown”.
As a patient can get colonized by multiple pathogens
during ICU stay, it is possible to place a patient in more
than one category of colonization (for example: a patient
is colonized with Staph. aureus on admission and acquires
P. aeruginosa during ICU stay). For each group of mi-
croorganisms prevalence of colonization on admission
was determined, as well as the incidence and first day of
acquired colonization.

Persistent colonization was defined as a period, starting
at the first day of colonization, in which at least two suc-
cessive culture results were positive for the same bacterial
species. After a positive culture, a single negative culture
followed by positive cultures with same bacterial species
was also considered persistent colonization. The period
between the last positive culture and ICU discharge, during
which no other culture was obtained, again was considered
persistent colonization. ‘Non-persistent colonization’ was
defined as conversion of a positive colonization status
to a negative status (for that pathogen) after a period of
persistent colonization. The interval between two succes-
sive cultures was considered a sub-period of colonization.
Thus, multiple sub-periods of colonization per patient
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could occur. Two successive negative sputum cultures
followed by a single positive culture, again followed by
a negative culture, was considered ‘non-persistent colo-
nization’. Duration of bacterial persistence was analyzed
for all episodes of bacterial colonization.

Antibiotics

For each pathogen, susceptibility to antibiotics was based
on in-vitro susceptibility data as determined in our hos-
pital’s medical microbiology laboratory. Breakpoints for
susceptibility were based on CLSI recommendations
(Clinical and Laboratory Standards Institute, Performance
Standards for Antimicrobial Susceptibility Testing: 16th
Informational Supplement). “No antibiotics” was consid-
ered ineffective treatment. The effects of antibiotics on
bacterial persistence were analyzed for all episodes of
colonization by determining antibiotic exposure during
4-day periods before the moment of culture taking. Expo-
sure was defined as administration of presumed effective
antibiotics (based on susceptibility data) during 2 or more
days in this 4-day period.

Naturally, only patients with at least two cultures ob-
tained during ICU admission were eligible for this analy-
sis. In case of multiple colonization periods of an individ-
ual patient with the same bacteria, only the first episode of
bacterial colonization was analyzed. Furthermore, repeti-
tive periods of colonization in an individual patient with
similar antibiotic exposure were excluded.

The likelihood of bacterial persistence was determined
for situations with and without exposure to effective an-
tibiotics. Absence of antibiotics was grouped with expo-
sure to ineffective antibiotics. In a subsequent case–control
analysis, each patient that acquired bacterial colonization

Fig. 1 Case–control analysis, denoted by two timelines: case and
control patient. Each box represents one ICU day. SA: Staph. aureus
found in endotracheal aspirate; + represents a (assumed) colonized
ICU day preceded by a positive culture; – represents a negative cul-
ture and, thus, the end of a colonized period. The colonized period
as a whole is denoted by gray shading. Antibiotic administration for
4 days preceding the first positive culture is denoted by hatching.
Here, day of matching is day 5 Ta
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with a certain pathogen was matched to three patients that
had not acquired colonization with that particular pathogen
during ICU stay. The day of matching was the first day of
colonization for the “case” patient and a day representing
similar length of stay in ICU for the “control” patient (see
Fig. 1 for an example). Antibiotic exposure in the days be-
fore matching was defined as described above. Antibiotic
exposure between patients with acquired colonization and
their controls was evaluated.

Statistical analysis

SPSS version 14.0 [9] was used for statistical analysis and
Gnuplot version 4.0 [10] for creating graphs. Student’s
t-test and Mann–Whitney-U tests were used when ap-
propriate, and a probability level less than 0.05 was
considered statistically significant. A Kaplan–Meier
survival analysis was performed to assess the duration of
persistence over time. Colonized patients were eligible for
the analysis and patients colonized when discharged were
censored, i. e., ‘withdrawn alive’.

Results

Patients

The total study cohort consisted of 1,410 admissions
(17,709 ICU days), with 3,289 cultures of endotracheal
aspirates performed in 1,012 admissions (3.25 cultures

Fig. 2 Bacterial colonization
survival curves. PA, Pseudo-
monas aeruginosa;
AC, Acinetobacter spp.;
Ent, Enterobacteriaceae;
SA, Staphylococcus aureus;
SP, Streptococcus pneumoniae;
HI, Haemophilus influenzae

per admission), and bacterial growth from at least one
endotracheal aspirate was documented for 715 admissions
(71%; 2,111 cultures). The characteristics of this patient
population have been described previously [6]. For the
715 patients included in this study, the median duration
of ICU stay was 11 days (IQR 5–21 days). The median
ICU stay of patients without documented bacterial growth
from endotracheal aspirates was 6 days (IQR 3–10 days)
(p < 0.05). For clarity, patients without cultures taken
were not included in this study. To determine whether
a longer stay in ICU was associated with a lower or
higher number of samples taken, the first 50 days of ICU
stay were categorized in consecutive 5-day groups. The
average proportion of days on which cultures were taken
was 20% and varied from 17% on days 41–45 to 22%
on days 26–30. Therefore, longer length of stay did not
increase the likelihood of sampling.

Episodes of colonization

Colonization with Enterobacteriaceae occurred most fre-
quently and was demonstrated in 413 patients, followed by
Staph. aureus (258 patients, of whom 140 (54%) were ad-
mitted to the medical ICU and 118 (46%) to the neurosur-
gical ICU), P. aeruginosa (180 patients), Strep. pneumo-
niae (153 patients), H. influenzae (142 patients) and Acine-
tobacter spp. (73 patients) (Table 1).

Colonization on admission could not be evaluated
for 295 patients, because of absence of cultures obtained
within 48 h after admission. Colonization on admission
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was analyzed in 311 patients and was most frequently
observed for Enterobacteriaceae, that is, in 33%, whereas
colonization on admission with Acinetobacter spp. was
documented in 4% of these cases. Overall, the median first
day of acquired colonization was day seven (IQR 4–14
days) after ICU admission, which differed considerably
between pathogens. Acquired colonization with H. influen-
zae and Strep. pneumoniae was documented after a median

Antimicrobial agent Patients (%) Patient days (%) Duration of
total n = 715 total n = 11,689 antimicrobial

administration
per patient:
median days (IQR)

Benzyl penicillin 29 (4%) 152 (1%) 2 (1–7)
Cephalotin 31 (4%) 79 (1%) 2 (1–3)
Ceftazidime 100 (14%) 509 (4%) 3 (1–8)
Ceftriaxone 223 (31%) 996 (9%) 3 (1–6)
Cefuroxime 5 (1%) 15 (0%) 2 (1–5)
Ciprofloxacin 199 (28%) 1040 (9%) 3 (1–8)
Amoxicillin 412 (58%) 2220 (19%) 5 (3–7)
+ clavulanic acid
Clindamycin 64 (9%) 311 (3%) 3 (1–8)
Cotrimoxazole 135 (2%) 609 (5%) 3 (1–7)
Erythromycin 70 (10%) 381 (3%) 4 (2–7)
Flucloxacillin 148 (21%) 639 (5%) 2 (1–6)
Gentamicin 255 (36%) 887 (8%) 3 (1–5)
Imipenem 26 (4%) 127 (1%) 4 (2–8)
Meropenem 93 (13%) 497 (4%) 3 (1–9)
Metronidazole 33 (5%) 118 (1%) 2 (1–5)
Piperacillin 102 (14%) 587 (5%) 5 (1–9)
Tazobactam 73 (10%) 401 (3%) 5 (1–9)
Tobramycin 128 (18%) 760 (7%) 5 (1–9)
Vancomycin 68 (10%) 286 (2%) 3 (1–6)
None NA 4587 (39%) NA

IQR, interquartile range; NA, not applicable

Table 2 Number of patients
receiving systemic antibiotic
treatment during ICU stay

Table 3 Frequency of pathogens (only first isolate per patient) with antibiotic susceptibility based on in vitro susceptibility testing

Frequency and percentage of first isolates being susceptible
Pathogen Patients (n) PA 180 AC 73 Ent 413 SA 258 SP 153 HI 142
Antimicrobial

Benzyl penicillin 153 (100%)
Ceftazidime 157 (87%) 69 (94%) 390 (94%)
Ceftriaxone 389 (94%)
Cefuroxime 244 (92%)
Ciprofloxacin 165 (93%) 400 (97%)
Amoxicillin 272 (66%) 153 (100%) 139 (98%)
+ clavulanic acid
Clindamycin 255 (99%)
Cotrimoxazole 372 (90%) 248 (96%)
Flucloxacillin 258 (100%) 153 (100%)
Gentamicin 178 (99%) 68 (93%) 395 (96%)
Imipenem/meropenem 180 (100%) 180 (100%) 413 (100%)
Piperacillin/tazobactam 169 (94%) 68 (93%) 397 (96%)
Tobramycin 172 (96%)
Vancomycin 258 (100%)

PA, Pseudomonas aeruginosa; AC, Acinetobacter spp.; Ent, Enterobacteriaceae; SA, Staphylococcus aureus; SP, Streptococcus pneumonia;
HI, Haemophilus influenzae

of four and five days in ICU, respectively, whereas the me-
dian first day of colonization with Acinetobacter spp. and
P. aeruginosa was eleven days. The Enterobacteriaceae
group and Staph. aureus fell in-between the early-onset
and late-onset colonizers (Table 1).

Once established, duration of colonization also differed
considerably between pathogens. Bacterial persistence oc-
curred in 85% of patients colonized with P. aeruginosa,
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Effects of AB on bacterial persistence
Pathogen N sub-periods N sub-periods RR (95%CI) NBP when

of BP of NBP receiving effective
(% effective AB) (% effective AB) AB treatment

H. influenzae 21 (24%) 81 (73%) 3.1 (1.4–6.6) *
Strep. pneumoniae 21 (38%) 81 (79%) 2.1 (1.2–3.6) *
Staph. aureus 124 (48%) 104 (78%) 1.6 (1.3–2.0) *
Enterobacteriaceae 289 (52%) 151 (77%) 1.5 (1.3–1.7) *
P. aeruginosa 262 (33%) 27 (37%) 1.1 (0.7–1.9)
Acinetobacter spp. 57 (47%) 32 (25%) 0.5 (0.3–1.0)

* p < 0.05; BP, bacterial persistence; NBP, bacterial non-persistence; AB, antibiotics; RR, relative risk

Table 4 Effects of antimicrobial
treatment on bacterial
persistence

Case–control analysis: risk of acquiring colonization
Pathogen N cases N controls OR (95%CI) of

(% effective AB) (% effective AB) acquiring colonization
when receiving
ineffective AB
treatment as compared
to receiving effective
treatment

Strep. pneumoniae 57 (30%) 171 (66%) 4.6 (2.4–8.8) *
Staph. aureus 117 (26%) 351 (55%) 3.5 (2.2–5.6) *
H. influenzae 62 (28%) 186 (55%) 3.1 (1.7–5.9) *
Enterobacteriaceae 240 (39%) 720 (55%) 1.9 (1.4–2.6) *
P. aeruginosa 97 (12%) 291 (21%) 1.8 (0.9–3.6)
Acinetobacter spp. 55 (22%) 165 (23%) 1.0 (0.5–2.2)

* p < 0.05; AB, antibiotics; OR, odds ratio

Table 5 Effects of antibiotics
on acquisition of colonization

which was a significantly higher proportion than for all
other bacteria or bacteria groups (Table 1). The lowest pro-
portions of patients with bacterial persistence were found
for H. influenzae and Strep. pneumoniae. The median du-
ration of bacterial persistence for patients colonized with
P. aeruginosa was 8 days (IQR 4–16 days), which was
significantly longer than persistence of any of the other
pathogens (Table 1, Fig. 2).

Antibiotics and antibiotic susceptibility

In the 715 patients included in this analysis, antibiotics
were administered on 7,102 (61%) of 11,689 patient
days. Amoxicillin + clavulanic acid (58% of patients),
gentamicin (36%), ceftriaxone (31%) and ciprofloxacin
(28%) were prescribed most frequently (Table 2). When
expressed in proportions of all patient days, the same
four antibiotics were prescribed most frequently. Median
duration of antibiotic therapy ranged from 2 to 5 days.
Of note, many patients were discharged from ICU with
antibiotic therapy continued on regular wards.

Non-susceptibility levels to antibiotics of the first iso-
lates per patient were fairly low (Table 3). For instance, all
Strep. pneumoniae were susceptible to penicillin, all Staph.
aureus to flucloxacillin and all Gram-negative bacteria to
imipenem. Resistance developed only sporadically during
colonization (data not shown).

Effects of antibiotics on colonization persistence

Systemic antibiotic treatment (with antibiotics for which
pathogens were in-vitro susceptible) was associated with
reduced persistence of all pathogens except for P. aerugi-
nosa and Acinetobacter spp. (Table 4). The highest relative
risk (RR) of non-persistence during effective antibiotic
treatment was 3.1 (95% CI 1.4–6.6) for H. influenzae.
In this analysis, the effect of effective antibiotics was
compared to ineffective antibiotics, being mainly ‘no
antibiotics’ for H. influenzae. Significant associations
between effective antibiotics and non-persistence of colo-
nization were also observed for Strep. pneumoniae (2.1,
95% CI 1.2–3.6), Staph. aureus (1.6, 95% CI 1.3–2.0),
and Enterobacteriaceae (1.5, 95% CI 1.3–1.7).

In the case–control analysis, patients that had acquired
colonization with either H. influenzae, Strep. pneumoniae,
Staph. aureus or Enterobacteriaceae had had less expo-
sure to effective antibiotics in the days before acquisition
was demonstrated (Table 5). No such association could be
demonstrated for P. aeruginosa and Acinetobacter spp.

Discussion

The major findings of this observational study are that
endotracheal colonization dynamics and the effects of
systemic antibiotics hereon differ among bacterial species.
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This implies that evaluation of bacterial persistence as
a marker of ongoing infection or as an endpoint of pre-
vention studies should be pathogen-specific. Early-onset
pathogens (such as H. influenzae, Strep. pneumoniae
and Staph. aureus) appear to be much more sensitive to
intravenously administered antibiotics (with documented
in-vitro susceptibility) than typical late-onset pathogens
(such as P. aeruginosa and Acinetobacter spp.).

Strengths of our study include the large size of the pa-
tient cohort with detailed data on colonization, antibiotic
susceptibility of pathogens and antibiotic administration.
The latter allowed us to specifically analyze the effects of
antibiotics for which the pathogen was susceptible, based
on in-vitro susceptibility testing. Limitations, though, in-
clude the pragmatic nature of microbiological data collec-
tion, as we had to rely on samples obtained for clinical rea-
sons and not on a prospectively implemented surveillance
schedule. Nevertheless, on average three cultures were ob-
tained for each of the 715 patients included in this analysis.

Our data confirm previously reported findings on
the different time-frames of bacterial colonization in
mechanically ventilated patients [11, 12]. Colonization on
admission was more frequently observed for early-onset
pathogens, and acquired colonization most frequently
occurred with typical late-onset pathogens. Our findings
strongly suggest that there are differences in the effects of
intravenous antibiotics on different bacterial species. This
implies that prophylactic use of systemic antibiotics will
mainly affect endotracheal colonization with early-onset
pathogens. The risk of acquiring colonization with Staph.
aureus, Strep. pneumoniae and H. influenzae was reduced
by approximately 50% when effective antibiotics were
administered. Accordingly, patients with low risk of respi-
ratory tract colonization with Gram-negative bacteria on
ICU admission, such as those who have little co-morbidity
and are directly admitted to the ICU without long-term
hospitalization (e. g., patients with trauma, needing com-

plex surgery, or with acute neurological diseases) could
potentially benefit from prophylactic antibiotic use. To the
best of our knowledge this concept has been empirically
evaluated only once. Sirvent and co-workers randomized
100 mechanically ventilated patients with structural coma
to a short course of prophylaxis with cefuroxime (two
dosages of 1,500 mg 12 h apart after intubation) or no
prophylaxis [13]. If colonized during intubation, most
patients were colonized with early-onset pathogens.
Cefuroxime prophylaxis was associated with a reduction
in the development of microbiologically confirmed VAP
from 48% in control patients to 23% in the study group.
Sixty-four percent of the VAP episodes were caused by
methicillin-sensitive Staph. aureus, H. influenzae and
Strep. pneumoniae. In another study previous (short-
term) antibiotic treatment in mechanically ventilated
patients with head injury appeared protective against
initial tracheobronchial colonization with early-onset
pathogens, but increased the risk for subsequent lower
airway colonization with late-onset pathogens [14]. The
other consequence of our findings is that the approach of
systemic antibiotic prophylaxis is less likely to be effective
for late-onset pathogens, even with antibiotics for which
these pathogens are, in vitro, susceptible.

The reason for the observed difference between
early-onset and late-onset pathogens, though, remains to
be determined. Pathogen-specific characteristics, such
as the ability of biofilm formation of P. aeruginosa, or
patient-specific characteristics, such as the severity of
underlying disease or immune paralysis, could both be
involved, but further—more detailed—studies are needed
to elucidate this matter.
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