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Abstract

Objective—To describe patterns and density of early tracheal colonization among intubated patients
and correlate colonization status with levels of antimicrobial peptides and inflammatory cytokines.

Design—~Prospective cohort study.
Setting—Medical and cardiovascular intensive care units (ICU) of a tertiary referral hospital.
Patients—74 adult patients admitted between March 2003 and May 2006.

Interventions—Tracheal aspirates were collected daily for the first four days of intubation using
standardized, sterile technique and sent for quantitative culture and cytokines, lactoferrin and
lysozyme measurements.

Measurements and main results—The mean APACHE I score in this cohort was 24 + 7.

Proportion of subjects colonized by any microorganism increased over the first four days of intubation
(47%, 60%, 70%, 70%, p=0.08) but density of colonization for bacteria or yeast did not change

significantly. No known risk factors predicted tracheal colonization on day 1 of intubation. Several
patterns of colonization were observed (persistent, transient, new colonization and clearance of initial
colonization).The most common organisms cultured were Candida albicans and coagulase negative
staphylococcus. Levels of cytokines, lactoferrin or lysozyme did not change over time and were not
correlated with tracheal colonization status. Four subjects (6%) had ventilator-associated pneumonia.

Conclusions—The density of tracheal colonization did not change significantly over the first four
days of intubation in medical ICU patients. There was no correlation between tracheal colonization
and the levels of antimicrobial peptides or cytokines. Several different patterns of colonization may
have to be considered while planning interventions to reduce airway colonization.
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Introduction

Tracheal colonization with pathogenic microorganisms has been shown to occur in a significant
proportion of patients who are intubated and mechanically ventilated, often within the first 24
hours of intubation (1,2). Tracheal colonization can be more prevalent than oropharyngeal
colonization (3) and can occur in the absence of oropharyngeal or gastric colonization in
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ventilated patients (4). Literature also suggests an association between the occurrence of
tracheal colonization and subsequent development of ventilator-associated pneumonia (VAP)
(5-7).

In health, the airway protects itself from constant exposure to microorganisms without relying
on inflammatory defenses by several mechanisms such as mucociliary clearance, cough reflex,
phagocytosis by resident macrophages and the airway surface liquid (ASL). ASL is a thin layer
of liquid covering the luminal surface of the airway and contains multiple antimicrobial factors
including lysozyme, lactoferrin, and secretory leukoproteinase inhibitor (8-13). In a study of
tracheal aspirates in newborn infants, pulmonary and systemic infections were associated with
high concentrations of antimicrobial peptides (14). The concentrations of these peptides
correlated positively with levels of inflammatory markers, interleukin-8 (IL-8) and tumor
necrosis factor-a. Levels of lactoferrin and lysozyme have been found to be low in newborn
infants who developed bronchopulmonary dysplasia (8). The concentrations of lactoferrin and
lysozyme have been shown to be higher in bronchial lavage fluid in subjects with chronic
bronchitis compared to normal subjects (15) suggesting upregulation with inflammation.
However, inastudy of ventilated newborns, lactoferrin levels in the tracheo-bronchial aspirates
showed no correlation with culture results (16). Several studies have also shown increased
levels of inflammatory markers in the airway secretions in conditions such as chronic
bronchitis, asthma, ARDS and exacerbations of COPD due to bacterial infections (17,18).
There is little data on correlation between levels of inflammatory markers or antimicrobial
peptides and tracheal colonization in adults.

In this prospective cohort study, we sought to describe the patterns and density of early tracheal
colonization among patients intubated in the intensive care unit, examine the differences
between those who are colonized on day 1 of intubation and those who are sterile, and correlate
airway colonization with markers of inflammation. We hypothesized that colonization would
increase with duration of intubation, and the density of tracheal colonization would be
negatively correlated with the levels of antimicrobial peptides and positively correlated with
the levels of inflammatory markers in the tracheal aspirates. To control for inflammation caused
by the mere presence of endotracheal tube, we collected tracheal aspirates from 8 healthy
subjects who were intubated in the operating room for elective surgery.

Materials and Methods

This was a prospective cohort study conducted from March of 2003 through May of 2006 in
a university teaching hospital. The study was approved by the Institutional Review Board.
Subjects from the medical (n=67) and cardiovascular (n=7) intensive care units who were
intubated for less than 24 hours and expected to be intubated for at least 4 days were recruited
after informed consent. Subjects were excluded if there was absence of a legally authorized
representative for consent, if they had significant hemoptysis (to limit triggering while sample
collection) or cystic fibrosis (to avoid outliers in the density data). Eight control subjects
without major medical problems who were scheduled to undergo elective surgery were enrolled
from the preanesthesia evaluation clinic.

Study Protocol

Once eligible for the study, written informed consent was obtained from a legally authorized
representative or the subject in the case of controls. Tracheal aspirates were collected daily in
a standardized fashion using a new in-line suction catheter through the existing ventilator
circuit. Briefly, the suction catheter was advanced to its maximum distance quickly and 1 ml
of normal saline flushed into the airways. Suction was then applied for 10 seconds as the
catheter was withdrawn. The catheter was then rinsed with another 1ml of saline. Specimens
was collected onto a sterile sputum trap and an aliquot transported to the microbiology lab
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within 15-30 minutes of collection. The remaining aspirate was stored at —70° C for batch
analysis of cytokine and antimicrobial peptide levels. The procedure was repeated daily for the
next 3 days of intubation for a maximum of 4 samples per subject. In the control group, tracheal
aspirate was collected 30 minutes after intubation on the day of the elective surgery.

Data collected include demographics, APACHE I score upon study entry(19), admitting
diagnosis, comorbid conditions, duration of ICU and hospital length of stay, duration of
mechanical ventilation and presence of line sepsis and VAP, hospital mortality and disposition.
Lines sepsis was diagnosed if a recognized pathogen was isolated from blood culture and the
pathogen was not associated with infection at another site or common skin contaminant isolated
from blood culture from patient with an intravascular access device and physician initiated
appropriate therapy in the presence of fever, chills or hypotension (20). VAP was defined as
the occurence of a new and persitent infiltrate 48 hours after endotracheal intubation associated
with purulent tracheal secretions and any one of the following; 1. fever, leukocytosis and
worsening oxygenation, 2. positive cultures from bronchoalveolar lavage or protected
specimen brushing, 3. same organism isolated from tracheal aspirate and blood or pleural fluid,
4. histological diagnosis at post mortem or from an open lung biopsy or 5. rapidly cavitating
infiltrate with positive fine needle aspiration (21).

Microbiology

Colonization was defined as presence of at least 102 CFU of organisms in the tracheal aspirate.
The specimen was processed as follows: An equal amount of 2% N-acetyl cysteine was added
to the specimen for a 1:2 dilution. It was vortexed lightly and 0.4 ml was added to 1.6 ml saline
for 1:10 dilution. Using a 10~2 loop, blood agar, eosin methylene blue agar, chocolate agar and
BCSA (Burkholderia cepacia agar) plates were inoculated with a sterile hockey stick which
resulted in a 1073 dilution. In a subset of aspirates, bacterial DNA was isolated using the
BUGS’n BEADS bacterial DNA Isolation Kit (Genpoint, Oslo, Norway) and quantitated using
PicoGreen Kit (Molecular Probes, Eugene, OR) as previously described (22). Quantitation of
16s rRNA gene copy number in experimental samples was determined by comparing C; values
to a standard curve generated by spiking mouse genomic DNA with serially diluted E. coli
genomic DNA. Sensitivity of the assay was determined to be 100 copies of E. coli DNA per 2
ng sample.

Cytokines and antimicrobial peptides

The aspirate was homogenized using glassbeads, 100 pL aliquot removed and diluted with of
700 pL normal saline for a 1: 8 dilution, centrifuged at 40,000 rpm and the supernatant used
for cytokine assays. Concentrations of Interleukin (IL)-6 (sensitivity of detection 0.70 pg/mL)
and IL-8 (sensitivity: 3.5 pg/ mL) were measured using commercially available ELISA kits
(R&D systems, MN). Lactoferrin level was measured using the ELISA kit by Calbiochem
(sensitivity of detection 1 ng/mL) and lysozyme using Human Lysozyme EIA kit (Biomedical
Technologies Inc. sensitivity: 0.78 ng/mL).

Statistical analysis

Mean and standard deviation was obtained using excel and SAS (version 9.1). Bivariate
analyses was done using t-test, Wilcoxon rank-sum test and and Fisher’s exact test as indicated.
Correlation analyses were done using Spearman nonparametric rank coefficient.
Concentrations of inflammatory markers, antimicrobial peptides and tracheal colonization
density over time were tested using nonparametric Friedman test. Log transformation was used
to normalize data as needed. Logistic regression analysis was used with model fitted by
generalized estimating equations to account for correlation of outcomes over time.
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Results

Demographics and Descriptive Statistics

Of the 74 subjects recruited to the study, 66 subjects were intubated for at least 2 days and were
included in the analyses. The mean age of the cohort was 58 (SD, 14) years and 55% were
men. Admitting source was emergency room in 35% of the subjects, ward in 28% and another
acute care hospital in 33%. Mean APACHE 1 score was 24 (SD, 7). Common admitting
diagnoses were respiratory failure (12%), sepsis (12%), pneumonia (12%), liver failure (10%),
pancreatitis (9%), gastrointestinal bleed (7%) and neuromuscular disease (6%). There was no
difference in demographics between patients admitted to the medical and cardiovascular
intensive care units.

Majority of subjects had received antibiotics prior to intubation (52%) and a higher proportion
(93%), were started and maintained on antibiotics while intubated. The most common
antibiotics used during the first 4 days of intubation were piperacillin/tazobactam (33%),
vancomycin (29%), levofloxacin (24%), ceftriaxone (18%) and meropenem (8%). Antifungal
agents were used in 18% of the subjects during the first 4 days of intubation. Almost all of the
subjects (65/66) received stress ulcer prophylaxis. Digestive decontamination was not used
throughout the study period.

There were no significant differences between the baseline characteristics of subjects who were
colonized on day 1 of intubation compared to those who were sterile (Table 1) with the
exception of the severity of illness score which was higher in the colonized cohort (p=0.046).
There was notably, no difference in antibiotic use prior to intubation which can be expected to
affect colonization status. There were no differences in outcomes including the overall
mortality and length of stay between the two groups (Table 2). The incidence of VAP in this
cohort was 6% (4/66) and all of which were late-onset (occurred after 5 days of intubation).
One of the subjects with VAP had no growth in all four tracheal aspirates and grew
Stenotrophomonas maltophilia in the BAL. The other three subjects did not undergo invasive
microbiological diagnosis for VAP and had grown Candida albicans, Pseudomonas
aeruginosa and coagulase negative Staphylococcus in their aspirates.

Tracheal Colonization over time

The increase in proportion of subjects colonized by any microorganism was not statistically
significant over the 4 days of intubation (Day 1, 47%, Day 2, 60%, Day 3, 70%, and Day 4,
70%, P=0.08) Figure 1A. When broken down into colonization by bacteria or yeast, the
proportion colonized did not increase significantly over time as seen in Figure 1B. Interestingly,
the mean density of colonization of bacteria and yeast also did not change over time (Figure
1C). The most common organisms grown in the tracheal aspirates during the first 4 days of
intubation were Candida albicans and coagulase negative Staphylococcus (Table E1).

Patterns of colonization

Among the 37 subjects who were intubated for 4 days, we observed several patterns of
colonization (Figure 2). Almost a third of the subjects had no bacterial growth in the tracheal
aspirates during the 4 days. A significant proportion of subjects had bacterial colonization on
all the 4 days. Some subjects were transiently colonized and some cleared their initial
colonization. Four subjects who had sterile aspirates on day 1, developed persistent
colonization. There were no significant differences among these 5 groups in baseline
characteristics or outcomes examined (data not shown). Similar patterns were observed when
colonization by yeast was examined. These data suggest a complex and dynamic process of
early tracheal colonization that might explain the lack of significant increase in overall density
when examined over time.
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Airway Inflammation

The levels of inflammatory cytokines did not change over the 4 days in the ICU subjects (Figure
3A). Interestingly, IL-8 levels were significantly higher in the sterile aspirates compared to
aspirates with bacterial growth (p=0.005) and control aspirates from OR subjects (p=0.009)
(Figure 3B). There was no significant difference in IL-6 levels between sterile and colonized
aspirates. We were unable to adjust for confounders such as COPD due to very low prevalence
in this cohort. To explore an alternative hypothesis of the presence of non-culturable bacteria
in the sterile aspirates that may explain the high level of inflammatory markers, we did
quantitative PCR which detects ribosomal RNA from 99.9% of known bacteria. As seen in
Figure 4A, the copies of bacterial DNA were below detection limits in the sterile aspirates and
significantly high in the colonized aspirates. There was also good correlation between bacterial
density using PCR and that of the microbiological colony counts (Figure 4B). Tracheal
aspirates from healthy controls had no microbial growth and no detectable IL-8 levels.

Antimicrobial peptides

The levels of antimicrobial peptides did not change over time in the ICU subjects (Figure E1A).
Levels of lactoferrin and lysozyme did not differ between sterile and colonized aspirates in the
ICU (Figure E1B). Interestingly, lactoferrin levels were significantly higher in the aspirates
from critically ill subjects compared to healthy controls (p-values of all ICU groups versus
control <0.005). The pattern was reverse with lysozyme, where the levels were much higher
in the healthy controls (p-values of comparison with all ICU groups <0.0001) but not different
between sterile and colonized groups in the ICU.

Discussion

There are several interesting findings in this study of early patterns of tracheal colonization.
Contrary to our initial hypothesis, microbial colonization did not progress significantly over
the first four days of intubation. The proportion of subjects colonized by bacteria or yeast
increased over the first 4 days of intubation but the increase was not statistically significant.
The mean density of colonization remained stable over the 4 days. This was similar to the
observation by Ewig et al in a group of patients with head injury (7). We observed several
distinct patterns of colonization including those where the aspirates were persistently sterile
or colonized for all 4 days, transiently colonized or cleared initial colonization. This might
partially explain the overall stable density as seen in Figure 1C and as reported previously
(7). When examined as a whole group, tracheal colonization has had mixed effects on
outcomes. For instance, in a study by Ferrer et al, airway colonization by potentially pathogenic
microorganisms on admission was associated with failure of non-invasive ventilation for
exacerbation of COPD (23). In contrast, in a study of patients admitted to a respiratory intensive
care unit, initial tracheal colonization was not associated with mortality or length of stay (24).
In a prospective study of patients with community acquired pneumonia, Ortgvist et al found
that respiratory tract colonization was associated with a significantly increased mortality and
length of stay but was not a risk factor for nosocomial pneumonia (25). We did not find any
baseline characteristics that predict these patterns of colonization, nor did we find association
with outcomes. However, our study was not adequately powered. Future larger studies
examining these patterns of colonization may identify subgroups that are at risk for poor
outcomes and target those groups for interventions.

There was a high incidence of Candida colonization unlike reported in previous studies (1,2,
7). Over 50% of the subjects were colonized with Candida species on any one of the four days.
This may be a reflection of the high prevalence of antibiotic use in this cohort both prior to and
during intubation as well as the case mix. Surprisingly, quite a few potentially resistant bacteria
such as Pseudomonas aeruginosa and Acinetobacter baumannii were observed in this cohort
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of early colonization study. These organisms are typically identified as late colonizers in
previous studies (6). With the exception of severity of illness, we were unable to identify
independent risk factors for tracheal colonization on day 1 of intubation in this cohort.
However, we did not examine certain risk factors such as upper airway colonization and
presence of biofilms. Colonization on day 1 was particularly unrelated to hospital length of
stay prior to intubation or prior antibiotic use. Tracheal colonization within 24 hours of
intubation was shown to be an independent risk factor in a study of patients with head trauma
(26). In our study, day 1 tracheal colonization was not an independent risk factor for VAP or
other outcomes such as ICU LOS or mortality. This observation should be an important
consideration when planning intervention studies to reduce the incidence of VAP through
reduction of tracheal colonization.

There was no correlation between the levels of antimicrobial peptides or inflammatory
cytokines and colonization status. In fact, aspirates with no growth had high levels of cytokines
which raises several possibilities. There may be no association between colonization status and
airway inflammation. Sterility of the aspirates may be the end result of successful bacterial
killing. Finally, sterile aspirates may have non-culturable bacteria, which is the least likely of
the 3 explanations since these aspirates also had undetectable bacterial DNA by PCR which is
thought to detect 99% of bacteria known so far. Levels of inflammatory markers were high in
the critically ill but were not associated with colonization status. It is possible therefore, that
the “sterile aspirates’ were sterile because of successful killing resulting in inflammation.
Levels of IL-8 were undetectable in the healthy controls as expected. We observed higher levels
of lactoferrin in the ICU subjects compared to controls and an opposite trend with lysozyme
levels which needs further investigation. Thompson et al found higher levels of lactoferrin and
lysozyme in bronchoalveolar lavage samples of patients with chronic bronchitis compared to
controls, suggesting a role for these peptides in airway inflammation (15).

Not surprisingly, the duration of ICU and hospital lengths of stay and mechanical ventilation
were long in this cohort given the inclusion criteria of at least 3 days of intubation in this study
as well as the higher severity of iliness. However, incidence of VAP was surprisingly low
compared to existing literature (27). This was unexpected given the inclusion of sensitive
clinical criteria used for VAP diagnosis in this study. One of the possible explanations could
be because of high antibiotic use in this cohort of medical ICU patients. We did not collect
variables such as head of bed elevation and frequency of hand washing among healthcare
providers which are known to reduce the incidence of this complication.

Several limitations must be acknowledged. First, we did not control for dilution of the tracheal
aspirate. In spite of standardized collection method and minimal amount of saline used, it is
possible that the quantitative data might not be generalizable given the nature of collection.
Unfortunately, unlike with cystic fibrosis subjects who produce large amounts of sputum, ICU
patients have variable amount of sputum production and saline irrigation is often necessary to
retrieve a minimum amount. Furthermore, due to the blind nature of the collection process,
retrieval of tracheal aspirate will vary depending on the location of the catheter during sample
collection. Secondly, our sample size is too small to make definite conclusions about the
predictive ability of the specific patterns of tracheal colonization for outcomes such as
nosocomial infections and length of stay. However, we believe this data adds to existing
literature significantly. To our knowledge this is the first study to measure and report correlation
between inflammatory markers and antimicrobial peptides and airway colonization in adult
ICU patients. We observed several patterns of colonization which should be characterized
further and explored for association with outcomes in future studies of larger sample size. We
report a lower incidence of VAP than what is commonly reported in the literature and a low
incidence of colonization with potentially pathogenic microorganisms within the first 4 days
of intubation.
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Conclusion

We observed early tracheal colonization to be a complex and dynamic process in intubated
medical patients. There was no significant change in density of tracheal colonization over the
first four days of intubation. There was no correlation between colonization and the levels of
antimicrobial peptides. Airway inflammation was independent of microbial colonization in
this cohort of medical ICU patients. Incidence of VAP in this study was lower than what is
typically reported in literature. Several different patterns of tracheal colonization may have to
be considered if an intervention to reduce colonization is planned.
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Tracheal colonization over time.

Colonized (%)

N
o

60

50

40

30

20

©
o

(2]
o

B
o

Page 9

1 2 3 4

Day of Intubation

Bacteria

Candida

1 2 3 4

Day of Intubation

Bacteria

Candida

1 2 3 4
Day of Intubation

A. Proportion colonized with any organism over the first 4 days of intubation. P=0.08
B. Proportion colonized with bacteria and candida over the first 4 days of intubation. P-value
for bacteria =0.43, yeast = 0.24. Clear circles represent proportion colonized by yeast and solid

circles represent bacteria.

C. Density of colonization of bacteria and candida over the first 4 days of intubation. CFU,
colony forming units. P-value for bacteria = 0.52, yeast = 0.12. Clear circles represent mean
density for yeast and solid circles for bacterial colonization.
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Figure 2.
Patterns of bacterial colonization among those intubated for 4 days (N=37)
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Figure 3.

3A. Cytokine levels in tracheal aspirates during intubation, p-value for change in IL-8 levels
over time = 0.50, p-value for IL-6 = 0.44

3B. Comparison of cytokine levels by tracheal aspirate colonization status.

IL-8: p-value for sterile versus control aspirates = 0.009 and p-value for sterile versus aspirates
colonized with bacteria = 0.005.

IL-6: ND: Levels were not done in the control aspirates. All p-values of comparsion among
ICU aspirates were >0.05.
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Figure 4.

4A. Bacterial density by quantitative PCR on sterile and colonized tracheal aspirates. P=0.005
4B. Correlation of bacterial density by PCR versus colony counts in quantitative cultures.
P=0.005
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Baseline characteristics by colonization status on day 1 of intubation”

Table 1

Characteristics Sterile Colonized
(N=35) (N=31)
Age, Mean (SD) 56 (15) 58 (14)
Median (IQR) 57 (45-72) | 57 (50-68)
Gender, Male (%) 50 60
APACHE I, Mean (SD) 23(8) 26 (7)
Median (IQR) 22 (18-27) | 25 (21-30)
Hospital LOS Before Intubation, Mean 4.7 (8) 4.4 (8)
(SD) 1.5 (0-4.5) | 1.5(0-5)
Median (IQR)
ICU LOS before Intubation, 1(1.5) 1(1.7)
Mean (SD) 0(0-1) 0(0-1.8)
Median (IQR)
Antibiotics Before Intubation (%) 47 57
COPD (%) 3 4
Diabetes (%) 19 26
Malignancy (%) 17 17
Levels in tracheal aspirates on Day 1 (Mean + SD)
Lactoferrin, pg/ml 154469 124457
Lysozyme, ng/ml 5.3+1.0 5.9+1.4
Interleukin-6, ng/ml 2.8+3.1 2.1+1.4
Interleukin-8, ng/ml 27410 32+25

*
All P-values > 0.05 except for APACHE 11 (p=0.046)
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Table 2

Outcomes by colonization status on Day 1 of intubation

Outcome Sterile (N=35) | Colonized (N=31)
Hospital LOS, days 22+15 21417
Mean + SD

ICU LOS, days 1249 1248

Mean + SD

Mortality, % 33 52
Tracheostomy, % 14 10

Line sepsis, % 14 16

VAP, % 3 7

LOS: Length of Stay, SD: Standard Deviation. ICU: Intensive Care Unit. All p values >0.05.
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