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Abstract: Ventilator associated pneumonia is a common and costly complication in critically ill and injured surgical
patients. The diagnosis of pneumonia remains problematic and non-specific. Using clinical criteria, a diagnosis of
pneumonia is typically not made until an infection is well established. Semi-quantitative cultures of endotracheal
aspirate and broncho-alveolar lavage are employed to improve the accuracy of diagnosis but are invasive and require
time for culture results to become available. We report data that show that an inexpensive, rapid and non-invasive
alternative may exist. In particular we show that: 1). Bio-aerosols evolved in the breath of ventilated patients and
captured in the hygroscopic condenser humidifier filter of the ventilator circuit contain pathogenic micro-organisms.
2). The number (CFU/ml) and identity (Genus, species) of the pathogens in the aerosol samples can rapidly and inex-
pensively be determined by PCR. 3). Data from a convenience sample of filters correlate with clinical findings from
standard microbiological methods such as broncho-alveolar lavage. The evaluation of the bacterial load evolved in
exhaled breath by PCR is amenable to repeated sampling. Since increasing bacterial burden is believed to correlate
with the establishment of infection, the use of quantitative PCR may provide a method to rapidly, inexpensively, and

effectively detect and diagnose the early onset of pneumonia and identify pathogens involved.
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Introduction

Critically ill patients requiring mechanical venti-
lation are at significant risk for developing venti-
lator associated pneumonia (VAP). Pneumonia
is the second most common nosocomial infec-
tion of critically ill patients [1] and affects 27%
of all critically ill patients [2]. VAP markedly in-
creases ventilator, ICU, and hospital days, as
well as mortality. The excess health care costs
of nosocomial infections are substantial and
well documented [3].

Diagnosis and treatment of pneumonia

While early diagnosis and subsequent, timely,
appropriate antimicrobial therapy has been
shown to significantly improve the outcome of
patients with VAP [4-6] establishing the diagno-
sis of pneumonia remains problematic [1, 7, 8].

The clinical diagnosis of VAP requires the devel-
opment of visible infiltrates on chest x-ray and
the presence of physiologic changes produced
by the infectious process. These findings do not
occur until the infection is well established. Ad-
ditionally, the clinical diagnosis of VAP is very
non-specific; over estimating its occurrence
relative to quantitative techniques in 40-60% of
cases, contributing to significant overuse of an-
tibiotics. On the other hand, quantitative culture
techniques are generally, invasive, labor inten-
sive and slow [1, 9]. The culture delay often pro-
motes unnecessary antibiotic exposure with an
associated increased risk of both subsequent
infectious complications and risk of infection
with resistant pathogens [5, 10-12].

Despite ongoing debate over optimal diagnosis
and treatment of VAP [8, 10, 12], accepted
pathophysiology includes an increase in the



Non-invasive detection of pulmonary pathogens by PCR

Inspired breath

e HCH

HEPA -
Filters T T

A W spepp———

Expired breath

Figure 1. Depiction of the HCH filter in isolation and as part of the ventilator circuit. Panel a, at left, shows an example
of the HCH filter unit that stands roughly two inches tall and less than an inch in diameter. The sponge can be seen at
its center. Panel b, at center, shows a photograph of the HCH filter relative to the Y-valve and the endotracheal tube
insertion point - blue cap. The schematic at right indicates the airflow and ancillary HEPA filters within the ventilator

circuit.

lung-borne pathogenic load during the develop-
ment of pneumonia with greater numbers of
pathogenic bacteria producing a higher risk of
an adverse outcome [13]. Ideally, monitoring
techniques that detect an increase in bacterial
load early in the course of VAP, prior to the de-
velopment of clinical symptoms and alterations
in pulmonary function, thus allowing the appro-
priate initiation of targeted short courses of an-
tibiotic therapy. Some data exists to support this
concept. Cultures of endotracheal aspirates
performed twice a week in critically ill mechani-
cally ventilated patients identified the patho-
genic bacteria and its sensitivity pattern in 83%
of cases; later established by quantitative cul-
tures to have VAP [1, 7, 14].

These results support the ability to identify tar-
geted therapy more effectively with monitoring
of lung borne pathogens over time. However,
tracheal secretions are frequently contaminated
or over grown with oral-pharyngeal flora that is
not necessarily involved in pneumonic proc-
esses. This has limited the ability of endotra-
cheal aspirates to rule out the diagnosis of
pneumonia and to achieve the most targeted
antibiotic therapy.

Aerosolized breath

Pathogenic microorganisms causing pneumonia
have previously been detected in the exhaled
breath of humans and animals [15-17]. The
possibility that pathogens exhaled from the
lungs of ventilated patients accrue in the venti-
lator circuit presents an opportunity for the
gquantitative assessment of bacteria over time.
In the majority of ventilated patients, the venti-
lator circuit contains a hygroscopic condenser
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humidifier (HCH) filter present just external to
the patients endotracheal tube that is designed
to limit moisture loss from the patient , mini-
mize heat loss, and filter bacteria that may be
present in the tubing outside of the HCH filter.
The HCH unit is situated in the ventilator circuit
between the Y-piece and the endotracheal tube,
external to the patient, see Figure 1. Condensed
vapor and aerosols from the breath of intubated
patients collect within this filter unit and are
retained there until the unit is exchanged. Simi-
lar filters have been shown to be greater than
99.9% effective at preventing microbial and
viral vectors from contaminating the ventilator
circuit upstream of the Y piece [18]. HCH filters
have been shown to decrease the incidence of
ventilator associated pneumonia relative to cir-
cuits in which heated and humidified gases are
introduced proximal to the ventilator [19]. Lig-
uid visibly collects within the HCH filters over
time and they are routinely changed every 12
hrs as part of circuit maintenance.

We began this study with the hypothesis that
the liquid that collects within the HCH filter con-
tains droplets of aerosolized alveolar lining fluid
that may in turn contain pathogenic bacteria in
cases of infection [15, 16, 20]. PCR provides a
rapid, quantitative and inexpensive way to pro-
file the HCH fluid for bacterial, fungal and viral
pathogens.

Methods and materials
Study design
This study is comprised of three components:

1). Demonstration that the process of bacterial
recovery from HCH filters and their subsequent
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detection/determination using PCR is feasible
and sound. 2). Application of the process of bac-
terial recovery and PCR-based identification on
a convenience sample of 17 HCH filter samples
taken from 14 ventilated patients from the
SICU. 3). Retrospective comparison of the find-
ings from part 2, with the corresponding pa-
tients data from the medical record to deter-
mine the degree of correlation with quantitative
cultures and clinical suspicion of VAP.

Bacterial growth and retention with HCH filters

Culturing of control samples of bacteria

Escherichia coli, lab strain TOP10 (Invitrogen),
and a hospital isolate of methicillin resistant
Staphylococcus aureus (MRSA), were cultured
overnight in batch at 37 °C with 180 rpm of
shaking in 5 ml of Luria broth containing (per
liter): 10 g soy tryptone (Remel), 5 g yeast ex-
tract (Becton, Dickenson, and Company), 10 g
NaCl (Fisher Scientific).

Coulter counting

A Beckmann Multisizer 3 Coulter counter outfit-
ted with a 30 micron aperture was used
throughout. We operated the Coulter counter
with 0.2 micron filtered, 150 mM NaCl as dilu-
ent. The unit was calibrated using a 2 micron
bead calibration standard (Coulter CC Size Stan-
dard L2, nominal 2 micron diameter, lot as-
sayed as 2.05 microns). After calibration the
unit was operated with an aperture current of
400 uA and a gain of 8.

Preparation of HCH pre-incubated buffer (PIB)

5 mL of 150 mM NaCl at pH 5.5, was pipetted
into an HCH unit and incubated at room tem-
perature without agijtation for one hour or twelve
hours and then recovered by centrifugation at
1000 rcf for 5 minutes. For simplicity we refer
to this buffer as PIB throughout.

HCH growth and viability

50ul of an overnight culture of E. coli or MRSA
was added to 5 mL of fresh LB medium and
shaken at 37 °C for 2 hours. The growth was
monitored by Coulter counting. The count was
used to determine the volume required to inocu-
late, to a density of 106 cells/mL: 12 mL of 150
mM NaCl buffer; 12 mL of 1hr PIB; 12 mL of
12hr PIB.
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Initial cell densities and densities after 1, 2, 4,
8, and 12 hours of incubation at 37 °C without
agitation, were determined by Coulter counter.
Concurrently, 20 uL was taken from each sam-
ple, diluted 500-fold in 10 mL 150 mM NacCl,
and 100 ulL of these dilutions were plated in
triplicate on Luria broth agar, incubated 24
hours at 37 °C, and colonies counted to deter-
mine the density of viable cells. This density was
compared to total cell density (as determined by
Coulter counter) in order to calculate percent
viability at the time points sampled.

HCH recovery

5 mL of 150 mM NaCl, pH 5.5, inoculated to a
cell density of 108 cells/mL was pipetted into an
HCH filter. An equal cell-free volume was pipet-
ted into a HCH as control. Paired units were
incubated at 37 °C without shaking. At each
time point a paired sample of HCH filters were
centrifuged for 5 min at 1000 rcf. The particle
density distributions of the recovered fluid vol-
umes were independently determined by Coul-
ter counter. The recovered bacterial cell density
was normalized by subtracting the particle den-
sity of the time-matched cell-free HCH. Percent
cell recovery was determined by dividing the cell
density at a given time point by the initial cell
density.

PCR detection using universal primers

Bacterial DNA present in patient samples was
identified by amplification and sequencing of a
characteristic region of the 16S ribosomal DNA
gene that is flanked by primer-binding se-
quences that are highly conserved among a
broad range of bacteria [21]. Forward: 5'-
TCCTACGGGAGGCAGCAGT-3'. Reverse 5
GGACTACCAGGGTATCTAATC CTGTT-3'. (Operon,
HPLC purified). The universal primers flank and
amplify a 466 bp fragment.

Since fungal vectors such as Candida are very
commonly reported especially among immuno-
compromised patients we also adopted a strat-
egy to identify fungal pathogens based on uni-
versal primers to 26S rDNA [22]. Forward 5’-
GCATATCAATAAGCGGAGGAAAAG-3'. Reverse 5'-
GGTCCGTGTTTCAAGACGG-3" (Operon, HPLC
purified).

Each PCR reaction was composed of 46 uL

Platinum PCR Master Mix (Invitrogen), 1 uL of a
25 uM stock of each primer (500 nM final con-
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centration), and 2 uL of DNA purified from re-
covered HCH fluid. Thermocycling program: 5
minutes at 95 °C, 35 cycles of 15 seconds at
95 °C; 30 seconds at 60 °C; 30 seconds at 72
°C. Final incubation of 5 minutes at 72 °C.

PCR products were purified using QlAquick PCR
Purification Kit (Qiagen) and submitted to the
Vanderbilt University DNA Sequencing Facility.
The forward and reverse primers were used for
the sequencing reactions. Consensus se-
quences from the forward and reverse reads of
the PCR product were used as search queries
against the Genbank nr database and the top
hits were used to assign the putative pathogen
identity in the HCH fluid samples.

Quantitative real time PCR technique

The construction of standard curves for real
time determination of bacterial load from 16s
rDNA samples is thoroughly presented in [21].
We have replicated these results and modified
them to incorporate the Coulter counter. A pre-
cise dilution of 107 cells/mL in 150 mM NaCl
was prepared from an overnight E. coli culture
using the Coulter counter. From this, a series of
half-log dilutions was prepared down to 104
cells/mL. Prior to cell lysis, 10 ug/mL of salmon
sperm DNA (Stratagene) was added to enhance
DNA recovery at low cell numbers. DNA was
extracted from 200 uL aliquots using the
DNeasy Blood and Tissue Kit (Qiagen) with a
final elution volume of 200 uL. PCR reactions
contained 12.5 uL iQ SYBR Green Supermix (Bio
-rad), 0.5 uL of a 12.5 uM stock of each primer
(250 nM final concentration), 1 uL of purified
DNA, and 10.5 uL of nuclease-free dH20. Reac-
tions were run on an iQ5 Multi Color Real time
PCR Instrument (Bio-rad) using the program: 5
minutes at 95 °C 40 cycles of 15 seconds at 95
°C; 30 seconds at 65 °C with real time fluores-
cence measurement.

Collection and analysis of HCH filters from venti-
lated patients

Collection of patient HCH samples

A sample of 17 HCH filters, AirLife (part #
003003, Cardinal Health), were collected over a
6 month period beginning in December of 2009
from ventilated patients in the SICU. The sample
was random with regard to patient condition,
severity or identity. Filter units were removed
aseptically by a respiratory technician, placed
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and sealed within a sterile biohazard bag and
labeled with a de-identified code. Samples to be
processed were stored in a 4 °C refrigerator for
up to 72 hours.

Recovery of aerosol samples from patient HCH
filters

HCH units were removed from a biohazard bag
in a sterile cabinet using sterile technique and
inserted upright into the top of a disposable 50
mL centrifuge tube, the sides sealed with
parafilm, and centrifuged at 1000 rcf for 5 min-
utes. Typical fluid volume recovered from a filter
that had been in place for 12 hours was 5 ml.
The pH of the recovered fluid was 5.5.

Extraction of bacterial DNA from recovered fluid

Fluid samples recovered from HCH filters were
concentrated. Total DNA was purified from 200
uL aliquots of concentrate using the DNeasy
Blood and Tissue Kit (Qiagen) with the following
modifications. The 200 uL sample, 20 uL pro-
teinase K, and 200 uL AL buffer (lysis buffer)
were mixed and exposed to three rounds of
freezing at -80 and thawing at 37 °C, followed
by one 30 minute incubation at 56 °C and one
5 minute incubation at 95 °C. After column
binding and washing, total DNA was eluted us-
ing 50 uL of nuclease-free distilled water.

Retrospective data comparison and analysis

Retrospective comparison with medical record
culture data

Following approval by the institutional review
board, patient medical record numbers were
ascertained based on the date and room num-
ber of each sample. MRN’s were stored in a
secure linking table along with the correspond-
ing sample number and date. After the labora-
tory processing of the HCH filter data by PCR
was completed, the MRN’s were queried against
all clinical microbiology reports for culture data
corresponding to the hospital stay inclusive of
the HCH filter sample collection date(s). Patho-
gen type, quantity, and relative time of culture
relative to HCH filter sampling were extracted by
manual report review and de-linked from patient
identifiers prior to analysis.

Statistics

From the frequency distribution of Table S1 we
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calculated the probability of a matching pair of
nominal categories p1=0.12; the categories cor-
responding to organism identity. From the distri-
bution in Table S2 we calculated the probability
of a matching pair of ordinal categories
p2=0.20; the categories corresponding to a
range of organism number. Assuming that the
number of organisms observed is independent
of it’'s name we estimated the probability of ob-
serving a matching pair of both type and num-
ber to be p:=p1p>=0.02. Finally, p=0.02, was
used in a right sided, exact binomial test to de-
termine the probability of observing various
numbers of matches by chance alone in re-
peated trials.

Results
Bacterial growth characteristics in HCH filters

To assess the characteristics of bacterial growth
within HCH filters over time we compared the
growth of bacteria in buffer to growth in buffer
that had been pre-incubated in the HCH filter:
PIB (see materials and methods). Specifically: E.
coli or MRSA were cultured as described in
methods. An aliquot of an actively dividing cul-
ture was split, one half resuspended in buffer,
the other resuspended in an aliquot of PIB. The
number of bacteria in PIB was compared with
its control over a time course of twelve hours
using a commercial Coulter counter. Particu-
lates arising from the HCH filter displayed a dis-
tinct distribution different from that of either
bacterial species and were subtracted from PIB
containing samples using matched controls. The
results from triplicate experiments, shown in
Figure 2, indicate that the cells placed in the
HCH pre-incubated buffer did not change in
number while the control culture continued to
double at room temperature. Neither the gram
negative E. coli nor the gram positive MRSA rep-
licated in the HCH fluid environment.

The results described above and shown in Fig-
ure 2 demonstrate that PIB is bacteriostatic.
The data summarized in Figure 3, shows that
PIB is not only bacteriostatic but also bacterio-
cidal. Aliquots of E. Coli or MRSA resuspended
in PIB showed a declining number of CFU/ml
when plated on LB and incubated overnight at
37 °C as compared with the control. In triplicate
experiments, the data indicate that after 2
hours of exposer to buffer pre-incubated in the
HCH filter fewer than 10% of the E. coli cells are
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Figure 2. A twelve hour time course of microbial growth at
room temperature. One and 12 hour PIB (see methods)
innoculated with E. coli fail to show growth relative to
buffer alone (dark diamond). Error bars are derived from
triplicate experiments. These data indicate that the HCH
environment is bacteriostatic.
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Figure 3. Time course of microbial viability of E. coli in-
noculated into one and 12 hour PIB as compared to vi-
ability in 150 mM NaCl buffer alone. Viability was deter-
mined by plate counts done in triplicate. The result of
triplicate experiments indicate that the HCH environment
is bacteriocidal.

viable and that after 4 hours virtually no colo-
nies grew. We observed qualitatively the same
behavior with MRSA, the difference being that
the Gram positive bacteria retained 30% viabil-
ity at 4 hours that declined to 0% at 8 hours
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Figure 4. Time course of quantitative microbial recovery
from HCH filters innoculated with a prescribed initial num-
ber of E. coli. Cell numbers were determined using a Coul-
ter counter as described in methods. The results of tripli-
cate experiments show that percent recovery declines

weakly with time but remains above 50%.

(data not shown).

The ability to detect micro-organisms deposited
in an HCH filter by PCR is contingent upon the
ability to recover fragments of their DNA from
the filter unit. Figure 4 demonstrates that bacte-
ria that have been incubating in the filter can
themselves be recovered with high fidelity. In
this experiment a well mixed aliquot of E. coli in
sodium chloride buffer were split, one half
counted with a Coulter counter, the other half
introduced into an HCH filter. The number of E.
coli recovered from the filter after a given incu-
bation time were recorded. The results of tripli-
cate experiments are shown in Figure 4. The
data indicate that the percentage of the cells
recoverable does decline weakly with time. At
least half of the organisms introduced into the
filter are recoverable after 8 hours.

PCR is a common technique for bacterial detec-
tion and determination [21-27]. The pathogen
detection from patient samples described in
this work was performed using universal prim-
ers that were designed to amplify a bacteria
specific 16s rDNA fragment [21, 25]. The iden-
tity of the pathogens were determined from the
amplified fragment by sequence analysis.

There is a vast literature on PCR sensitivity and

reliability, [25, 28], far too broad to review or to
comprehensively cite. In Figure 5, we illustrate
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our ability to sensitively and reproducibly detect
small numbers of bacterial cells. Lower respira-
tory tract inflammatory secretions contain on
the order of 105 - 106 CFU/ml [5, 7]. Since PCR
can reliably detect a signal from as few as 10
bacterial cells, only a minute fraction of the total
load needs to be evolved in the breath to be
detectable.

Application of PCR detection to clinical HCH
fluid samples

Between December of 2009 and May 2010 a
randomly selected convenience sample of 17
HCH filters was collected from 14 ventilated
patients as described in methods. No effort was
made to select patients based on their identity
or condition. Only minors were excluded. Fluid
samples were recovered from the patients HCH
filters and were analyzed by PCR as described in
methods. Table 1 provides a detailed list of the
HCH-derived data in comparison with independ-
ent clinical findings. The HCH data demonstrate
consistent agreement with regard to qualitative
and quantitative microbiological findings in
time.

Pathogens were detected by PCR in 8 of the 17
HCH filter samples: HCH samples
1,2,3,4,6,8,10,13 (Please refer to Table 1). In
all 8 of the aforementioned samples, clinical
cultures identified the same micro-organisms at
some point during the patients stay. When the
HCH filter data are stratified based on clinical

15 -+

10 100 1000
Cells per reaction

Figure 5. Standard curve relating the crossing threshold
value from real time PCR with the number of E. coli cells
assayed. The linear regression line has an r2 value of
0.995. Similar standard curves are reported in [21].
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Table 1. Data comparing HCH findings with available electronic medical record culture data and clinical
suspicion of VAP. Correlation of HCH fluid quantitative PCR analysis with clinical data.

HCH BAL (*sputum)
Patient sam- day Pathogen Quantity collection day Pathogen Quantity
ple #
No clinical or quantitative BAL data supporting pneumonia
A 1 33 A baumannii not performed o* A lwoffi NA - sputum
o* A lwoffi NA - sputum
B 2 2 C. albicans not performed 0 No growth NA
C. albicans <1K
10 C. albicans <1K
C 5 0 S.coag nega- Not performed No clinical NA NA
tive indication
D 6 0 No amplifica- NA No clinical NA NA
tion indication
E 7 0 No amplifica- NA 6 - left S. aureus <10K
tion
6 - right No growth NA
F 9 0 No amplifica- NA 9 C. albicans <10K
tion
S. coag nega- <10K
tive
20 C. albicans <1K
S. coag nega- <1K
tive
G 11 0 No amplifica- NA No clinical NA NA
tion indication
H 12 0 No amplifica- NA No clinical NA NA
tion indication
| 15 0 No amplifica- NA 3 S. aureus <1K
tion
16 2 No amplifica- NA 7 No growth NA
tion
Clinical evidence of pneumonia and + BAL
J 3 0 E. faecalis Not performed 47 E. faecalis NA - sputum
4 48 S. aureus 310K E. aerogenes >100 K
S. aureus 50-100K
K 8 0 Enterobacter ~265 K 0 - left E. aerogenes <1K
sp
0 - right E. aerogenes 10-25 K
L 10 3 S. coag nega- ~72 K 0 No growth NA
tive
6 S. coag nega- 50-100 K
tive
C. albicans 10-25 K
17 S. coag nega- < 1K
tive
M 13 6 A baumannii ~34 K 0 No growth NA
14 11 No amplifica- NA 11 No growth NA
tion
12 A baumannii 10-25K
N 17 0 No amplifica- NA (HCH dry) 0 K. pneumoniae >100 K
tion
E. sakazakii 10-25 K
78 Am J Transl Res 2012;4(1):72-82
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suspicion of VAP or not, a correlation is ob-
served. In nine HCH filter samples where PCR
failed to identify pathogens, in 7 of these nine,
no clinical indication for BAL existed or BAL cul-
tures ruled out VAP.

In Filter samples HCH13 and HCH14, two HCH
filters were collected from the same patient 5
days apart. In the first HCH sample PCR de-
tected A. baumanii at the same level as did a
BAL 3 days prior. The second filter HCH14 was
taken 8 days after the first BAL, and on the
same day as a second BAL was performed, sub-
sequent to the initiation of antibiotics for A.
baumannii pneumonia. Both the PCR of HCH 14
and the BAL were performed on the same day
and found no growth. We consider this latter
concurrence a quantitative match and this se-
quence of findings strong evidence that the
breath samples contain real information.

In 5 of the 6 HCH samples 2,6,10,13,14, on
which we performed real time quantitation,
there is order of magnitude agreement between
the BAL and PCR findings. In one of the 6
matches, HCH8, where quantitative data was
available the PCR finding was an order of mag-
nitude larger than the BAL value. In 4 of 5 pa-
tients in which quantitative BAL cultures indi-
cated pathogens greater than 104 CFU, PCR
from the HCH samples both identified the
pathogen and provided quantitation greater
than 104 bacteria. In 2 of these 4 matches, ad-
ditional bacteria were reported by BAL that were
not identified by PCR. This is an artifact of our
application of a specific PCR technique rather
than a general limitation. In the second of the
two cases, the HCH filter was completely dry
and devoid of fluid at the time of analysis and
no bacteria were detected by PCR despite a
positive BAL.

Using pathogen frequency data from SICU en-
counters (Tables S1 and S2 in the Supplement)
as described in the methods, we estimate that
the probability of drawing two matching sam-
ples independently from these distributions at
random is approximately 2%. Using this value
we offer an estimate of the statistical signifi-
cance of our multiple observations. The prob-
ability that 5 of 13 breath samples agree with
clinical microbiology findings obtained by more
invasive methods, both in the nature of the
pathogen found and their number (CFU/ml) to
within an order of magnitude, by chance alone
is less than p = 8.873 x 106 or roughly 9 in one
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million using an exact binomial test. This calcu-
lation supports the contention that our observa-
tions are not spurious and that the HCH filters
carry information that is correlated with the in-
formation contained in the more invasive as-
says.

Conclusions

We have demonstrated that microbial patho-
gens accumulate in the HCH filters of ventilated
patients. We have shown that the pathogens in
the HCH filters can be reliably recovered and
identified. We have also shown that the patho-
gens in the HCH fluid match those discovered
independently by standard quantitative meth-
ods such as BAL to a statistically significant de-
gree. Alone, the finding that bacteria are recov-
erable from the disposable HCH filters of venti-
lated patients is interesting. When one factors
in the agreement between the HCH and BAL
results, and the observed correlation with the
suspicion of VAP, the results achieve clinical
significance. After taking into account the rapid,
non-invasive nature of the investigational
method under discussion, these results provide
strongly encouraging preliminary data regarding
the possible use of quantitative PCR of HCH
fluid samples as an early detection method for
the presence of pulmonary pathogens.

As outlined in the introduction, there are several
problems encountered in the diagnosis and
management of VAP in which the information
from the disposable HCH filters can be utilized.
Since the disposable filters are routinely re-
placed every 8 to 12 hours, serial analysis over
time may alert the practitioner to increasing risk
of pneumonia prior to the development of full
clinical signs.

In conclusion, recovery and processing of aero-
solized samples from standard ventilator HCH
filters is straightforward, non-invasive, and well-
suited for repeated sampling in time. Real time
PCR detection can be performed in under an
hour.
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Supplementary Data

Table S1. Of 192 SICU encounters reported to the CDC for Pneumonia the table describes the number
and kind of different pathogens. From the results of 1638 quantitative BAL (shown in Table S2), 351
showed no growth. Accordingly we appended this proportion of “None” to the data as a fourteenth cate-
gory to allow for the possibility that two samples with no growth can count as a match. The probability of
drawing a matching pair of categories from this distribution is, 0.119512, approximately 12%. The prob-
ability of drawing 7 or more matches in 13 trials, at random from this distribution, is p = 0.000317092,
approximately 3 in ten thousand.

Organism(Genus) Occurrence in CDC Data set
Enterococcus 51
Mycobacterium 24
Staphylococcus 144
Streptococcus 18
Fungi 125
Acinetobacter 46
Enterobacter 40
Escherichia 29
Haemophilus 9
Klebsiella 43
Pseudomonas 70
Serratia 23
Stenotrophomonas 29
None 163
Total 814

Table S2. Data from 1638 BAL procedures performed in the SICU prior to 11/2009, stratified according
to quantitative growth observed. The five stratifications are roughly equally populated and the probability
of drawing any matching pair of categories is 0.201535, as calculated from the sum of the squares of
the corresponding frequencies. The probability of observing 5 or more matches in six trials is p = 0.0016
or roughly 1 in 500.

Growth Categorization Occurrence in SICU data set
No Growth 351
Less than 1K CFU/ml 353
Between 1K and 10K 294
Between 10K and 100K 349
Greater than 100K 291
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