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Ventilator-associated pneumonia (VAP) is a leading cause of health care-associated infection. It has a high rate of attributed
mortality, and this mortality is increased in patients who do not receive appropriate empirical antimicrobial therapy. As a result
of the overuse of broad-spectrum antimicrobials such as the carbapenems, strains of Acinetobacter, Enterobacteriaceae, and
Pseudomonas aeruginosa susceptible only to polymyxins and tigecycline have emerged as important causes of VAP. The need to
accurately diagnose VAP so that appropriate discontinuation or de-escalation of antimicrobial therapy can be initiated to reduce
this antimicrobial pressure is essential. Practice guidelines for the diagnosis of VAP advocate the use of bronchoalveolar lavage
(BAL) fluid obtained either bronchoscopically or by the use of a catheter passed through the endotracheal tube. The CDC recom-
mends that quantitative cultures be performed on these specimens, using >104 CFU/ml to designate a positive culture (http:
//www.cdc.gov/nhsn/TOC_PSCManual.html, accessed 30 October 2012). However, there is no consensus in the clinical microbi-
ology community as to whether these specimens should be cultured quantitatively, using the aforementioned designated
bacterial cell count to designate infection, or by a semiquantitative approach. We have asked Vickie Baselski, University of Ten-
nessee Health Science Center, who was the lead author on one of the seminal papers on quantitative BAL fluid culture, to explain
why she believes that quantitative BAL fluid cultures are the optimal strategy for VAP diagnosis. We have Stacey Klutts, Univer-
sity of Iowa, to advocate the semiquantitative approach.

POINT

Keep an open mind toward pneumonia. Our grandchil-
dren will be interested and are likely to have as many dif-
ferences of opinion regarding the disease as we have.
—Sir William Osler (1)

The best approach in establishing a diagnosis of ventilator-as-
sociated pneumonia (VAP) is quite controversial (2, 3). VAP

contributes to excess morbidity, mortality, and costs, and these
consequences have led to the designation of VAP as a quality per-
formance monitor by the National Healthcare Safety Network
(NHSN), the Institute for Healthcare Improvement, and the Joint
Commission (4). Despite the importance of VAP, there is no uni-
versally accepted diagnostic approach.

The controversies surrounding VAP diagnosis are directly re-
lated to its clinicopathologic complexity. VAP represents inflam-
mation of lung parenchyma following microaspiration of secre-
tions that have accumulated around the ventilatory device. These
secretions harbor significant concentrations of mixed bacterial
microflora that may include health care-associated, multiply an-
timicrobial-resistant strains (5). Histopathologically, there is an
inflammatory continuum along the airway from tracheobronchi-
tis, to peribronchial pneumonitis, and eventually to progressive
bronchopneumonia (6). The pneumonia may be multifocal and
heterogeneous, a feature that complicates diagnosis (5).

Clinical findings are the result of the inflammation and include
fever, leukocytosis or leukopenia, purulent secretions, and devel-
opment of a new or persistent radiographic infiltrate. Unfortu-
nately, these symptoms are not specific for pneumonia and may
result from either noninfectious pulmonary conditions or infec-

tions at other anatomic sites. As a result, it is well accepted that
using clinical features alone results in overdiagnosis of VAP, and
microbiologic information is desirable (2, 7).

The newly proposed NHSN definitions of ventilator-associ-
ated events, including infections, attempt to integrate the complex
clinical, histopathologic, and microbiologic features. In this new
definition, VAP occurs in persons who had a device to assist or
control respiration continuously through a tracheostomy or by
endotracheal intubation within the 48-hour period before the on-
set of infection. VAP is deemed “possible” when microscopically
purulent secretions are noted and “probable” when a quantitative
culture of lower respiratory material is above a designated thresh-
old as shown in Table 1 (8). However, the actual necessity and
utility of such cultures, particularly on bronchoscopically ob-
tained specimens, remain controversial.

The quantitative approach. It must be admitted that the basis
for a quantitative approach is largely theoretical. Pneumonia is
believed to occur when there is an overwhelmed host response to
microbial intrusion into a sterile environment. Concentrations of
bacteria in lung tissue reach levels of �104 CFU/g, while levels in
secretions are �105 CFU/ml (5). Accounting for dilutional effects,
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corresponding thresholds can be set for tracheal aspirates (TA),
protected specimen brushings (PSB), or bronchoalveolar lavage
(BAL) fluid (2). In contrast, organism levels in samples from
individuals without pneumonia are generally below the estab-
lished thresholds (7). By convention, even semiquantitative
cultures attach greater significance to abundant or predomi-
nant growth of potential pathogens in a sample containing
indigenous microbial flora. What may not be appreciated is the
fact that there is an easily demonstrated relationship between
semiquantitative and quantitative results, a finding that has
been verified for BAL fluid samples (9).

Regarding microbiologic results obtained from different sam-
ple types, the data have been deemed “reasonably similar” (10)
and “rather equivalent” (7). However, advocates of bronchoscopy
cite many studies showing that directed lower airway sampling is
an excellent proxy for lung tissue (5) and better captures the inci-
dence of VAP (11). Qualitatively, there is relatively good agree-
ment among sample types, particularly when samples are col-
lected prior to initiating therapy for a new-onset infection (5),
which agrees “with the common sense notion that specimens ob-
tained from locations only 5-15 cm apart along a widely patent
airway in continuous motion are unlikely to have substantially
different bacterial populations” (6). However, the finding that a
greater proportion of patients have positive results when less in-
vasive specimens are used also implies that organism diversity may
decrease moving toward the lung parenchyma (11). In all studies,
antibiotic therapy has been shown to confound interpretation of
data (2, 5, 7).

Practical considerations. If a noninvasive strategy is used, TA
are easily obtained and microscopy may provide useful initial in-
formation (12). However, when an invasive strategy is used, BAL
is often preferred due to the increased volume available for anal-
ysis (7). BAL also appears to offer improved microscopic data, as
the probability of VAP with a positive Gram stain on BAL fluid is
greatly increased (12). In addition, a positive Gram stain corre-
lates reasonably well with quantitative cultures (7).

Methodologically, a quantitative culture can be performed
similarly to a urine culture, with calibrated loops performing ac-
ceptably and easily incorporated into the workflow (13). How-
ever, as has been previously shown for other fluid samples, accu-
racy may exceed �10% and intra-assay variability for colony
counts is high. Therefore, it is recommended that BAL fluid quan-
titative culture results near an established threshold should not be
strictly or solely used to characterize a patient as VAP positive or
negative (14). The question then becomes whether this method
offers any advantages over a semiquantitative approach. One re-
cent study suggests that a semiquantitative method may overesti-
mate potential pathogens (9), but the choice to use a calibrated
loop method is actually rooted in historical observations that
quantitative methods may improve recognition of more slowly
growing organisms (15) and the observation that the “superiority
over other methods can only be judged by experience and depends
to some extent on ease in recognition and comfort in counting
which cannot be readily communicated in a paper” (16).

Another factor that must be considered but is only rarely spe-
cifically addressed in studies is specimen quality. It stands to rea-
son that any sample with excessive contamination may yield non-
interpretable quantitative or semiquantitative culture results, but
a standard approach to assessing quality has not been established.
A related issue is that few studies specifically differentiate organ-
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isms considered potential pathogens from those considered pri-
marily nonpathogens. It is of note that the proposed NHSN crite-
ria attempt to address both specimen quality, using microscopic
criteria similar to those accepted for sputa, and organism signifi-
cance, through exclusion of organisms considered to be of low
pathogenic potential (8).

The value of quantitative cultures. A determination of the
value of quantitative cultures is difficult to make given the lack of
a universally accepted definition. However, several recent sum-
mary analyses have provided some insights. In terms of clinical
outcome, a comprehensive Cochrane review of the impact of
qualitative culture of noninvasive samples and quantitative cul-
ture of invasive samples revealed no significant differences with
respect to number of days on mechanical ventilation, length of
intensive care unit (ICU) stay, or antibiotic change (17). In con-
trast, a meta-analysis of invasive approaches to the diagnosis of
VAP concluded that invasive sampling led to significantly more
antibiotic modifications (11), and in a separate study, de-escala-
tion therapy rates were significantly higher when guided by results
of quantitative BAL fluid cultures than when guided by quantita-
tive TA cultures (18). Since de-escalation therapy by definition
requires that a pathogen has been identified, the greater impact
using invasive approaches supports the general concept of equiv-
alent sensitivity but greater specificity of diagnosis using invasive
strategies (2, 7). The lack of impact on other outcome monitors
likely reflects the empirical use of effective broad-spectrum agents
(11).

Should quantitative cultures of BAL fluid be performed? The
opinion of this author is that quantitative culture of BAL fluid
should be performed for optimal management in patients with
VAP. Practically speaking, the method is comparable to that typ-
ically used for urine cultures, and there are potential benefits in
recognizing more slowly growing organisms, including multiply
resistant pathogens. In addition, there are substantial data that
specificity of diagnosis and therefore appropriate antimicrobial
therapy are improved using this approach. At the same time, one
should recognize that quantitative culture results are “inherently
unstable” (3). As for urine cultures, procrustean adherence to a
quantitative threshold in interpreting results for an individual pa-
tient is overly simplistic (19). This is particularly true when using
results to define VAP rates for public reporting, as rates may be
manipulated simply by adjusting thresholds (4). In fact, the re-
vised draft NHSN guidelines for public reporting of ventilator-
associated complications (VAC) and infection-related VAC
(IVAC) do not rely upon use of quantitative culture results.
Rather, results based on “positive” cultures are used primarily for
internal monitoring and quality improvement (8). One should
also remain aware of the overall complexity of diagnosis of VAP.
Rarely is a single result the basis for diagnosis, and algorithms that
integrate clinical and microbiologic findings are recommended
(12). The evidence suggests that clinical findings can alert the phy-
sician to the possibility of VAP, and examination of noninvasive
secretions can refine the clinical suspicions. When suspicion leads
to a decision to initiate treatment, then bronchoscopy with BAL
fluid collection prior to initiating or changing therapy can reliably
rule out VAP and perhaps direct efforts toward other sources of
infection or confirm an etiology so that the therapeutic approach
can be reassessed. Finally, cumulative antibiogram data on signif-
icant isolates can be developed to determine appropriate empiri-
cal therapy in subsequent cases (7, 11, 12). However, it is clear that

the diagnosis of VAP will remain a controversial, even contentious
topic (2, 3). Recent molecular findings that traditional methods
may have underestimated the microbial complexity of infected
lungs (20) will only add to the controversy.

. . . a man misses a good part of his education who does
not get knocked about a bit by his colleagues in discus-
sions and criticisms.
—Sir William Osler (1)

Vickie Baselski
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and respiratory bacterial species associated with ventilator-associated
pneumonia. J. Clin. Microbiol. 45:1588 –1593.

COUNTERPOINT

From the start, it must be made clear that this is an issue with no
clear answer. The literature is not definitive on whether quan-

titative results of bronchoalveolar lavage (BAL) fluid cultures are
clinically reliable in the diagnosis of ventilator-associated pneu-
monia (VAP), and there are widely varying opinions on what truly
represents best practice. Indeed, if there was a clear best practice,
this discussion would be unnecessary. In this context, what this
whole issue boils down to is whether we trust the quantitative
values on BAL fluid cultures.

There is no gold standard for the diagnosis of VAP, and the
diagnosis of VAP is often a difficult one to make. Clinicians must
rely on a combination of clinical, radiologic, and laboratory data
on severely ill patients. The diagnostic difficulties are highlighted
by guidelines for management of VAP from the American Tho-
racic Society in which the recommendations for the diagnosis of
VAP were left as an open choice between a clinical strategy, a
microbiological strategy, or combinations of the two (1). Further,
even if the more conservative microbiological strategy was chosen,
no recommendation was made as to whether the culture should be
quantitative or semiquantitative (SQ) (1). This issue was also dis-
cussed in a 2010 position paper jointly published by the Infectious
Diseases Society of America, the American College of Chest Phy-
sicians, the American Thoracic Society, and the Society for Critical
Care Medicine that recommended design features for future clin-
ical trials on VAP (2). While there were strong stances on most of
the recommendations in this position paper, there was consider-
able disagreement on the role of microbiology. Indeed, the recom-
mendations state only that microbiologic confirmation should be
used in conjunction with clinical criteria to determine enrollment
status for patients into trials without any recommendations on
what microbiologic criteria to use (2).

The complicated nature of making a VAP diagnosis, the lack of
a gold standard, and the comorbid nature of the patients suscep-
tible to VAP make interpretation of the literature evaluating the
roles of microbiology difficult, at best. For example, Riaz and col-
leagues recently compared quantitative and semiquantitative
(SQ) culture for the diagnosis of VAP (3). They concluded that SQ
culture had poor specificity and poor positive predictive value
(PPV) and led to overuse of antibiotics. However, they used the
quantitative culture result (VAP if �1 � 105 CFU/ml) as the gold
standard for VAP diagnosis and then determined the diagnostic
accuracy of SQ culture compared to that as the standard (3). This
is a self-fulfilling approach if the goal is to argue against use of SQ
culture, as it assumes 100% diagnostic accuracy of the quantitative
approach. To extend this, would antibiotics be improperly with-
held in some patients with below-threshold quantitative results?
In contrast, a multicenter study published in the New England
Journal of Medicine randomized patients with suspected VAP
based on clinical and laboratory criteria into a quantitative culture
arm and an SQ culture arm (4). The investigators observed no
differences in clinical outcomes or antibiotic usage between the
two arms (4). The bottom line is that the literature just does not
support the conclusion that quantitative cultures of BAL fluid are

clinically useful. This lack of evidence prompted the British Soci-
ety for Antimicrobial Chemotherapy in 2008 to recommend the
following: “Although they may provide an indication to the causal
pathogen, we recommend that quantitative cultures of respiratory
specimens such as PSB and BAL should not be relied on for the
diagnosis of HAP/VAP. Recommendation Grade A” (5) So, while
the CDC has included quantitative culture of a “minimally con-
taminated” respiratory specimen as one criterion in a complex
VAP diagnostic algorithm (http://www.cdc.gov/nhsn/PDFs/psc
Manual/6pscVAPcurrent.pdf), this suggestion is not evidence
based, and indeed, it is not annotated with references. Further, this
algorithm highlights the point that microbiology represents only a
fraction of the information needed to make a diagnosis of VAP,
and often it is not needed to make the diagnosis.

If treatment decisions are going to be made based on a value
reported from a quantitative assay, then it is imperative that we as
laboratorians are confident in the accuracy of that reported value.
We meticulously validate quantitative assays in virology, chemis-
try, hematology, and other areas of the clinical laboratory to en-
sure that the values being reported are accurately reflecting the
patient’s condition. However, we often fall short of this for quan-
titative bacteriology. The main argument against reporting quan-
titative values for BAL fluid cultures is based on preanalytical fac-
tors and basic principles of good laboratory medicine. In order for
a quantitative result to be reliable, sampling has to be consistent
and able to provide a sample that quantitatively represents the
disease. This is not much of an issue when sampling blood or other
body fluids that are in open compartments. In those situations,
any sample from that compartment has an average consistency
that reflects that of the entire compartment. This is not the case in
the lung. Microenvironments can vary widely from one location
to another, especially elements of an infectious process. Postmor-
tem studies have shown that in VAP there are widely varying levels
of disease in different parts of the lung (6). While BAL does sample
a larger area of the lung than does a protected brush, there is still
going to be natural variation depending on which area is sampled.
In addition to this issue with disease being unevenly multifocal,
there are also issues with standardization of BAL fluid acquisition.
Fujitani and Yu argue that because of variability in the volume of
fluid both instilled and retrieved, the mathematical relationship
between bacterial load detected in culture and that truly found in
the lung breaks down (7). If a smaller amount of fluid is instilled
and retrieved, this would overestimate bacterial burden, and the
converse is true if a larger amount of fluid is used. Thus, quanti-
tation of the bacterial burden in this sample is not necessarily
indicative of the true, average bacterial burden in the lung. By
reporting a specific, quantitative value, one is implying to the
treating physician that the value is universally interpretable. I
submit here that we lend too much credence to this value by re-
porting it.

As mentioned above, VAP is a difficult diagnosis to make and
clinicians must rely on a number of pieces of data along with their
clinical acumen. One of the main arguments used in support of
reporting quantitative values for BAL fluid in this situation is to
reduce antibiotic use. This is a noble goal, assuming that under-
treatment of disease is not the result. In the case of a suspected
VAP, many clinicians are reluctant to withhold or withdraw anti-
biotics based on culture results alone, and indeed, it has been
proposed that it is unsafe to do so (1). Treatment decisions for
VAP should be based on the level of clinical suspicion of VAP in
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conjunction with laboratory results, including culture results. In
that case, a semiquantitative result that does not understate the
inherent variability in sampling is sufficient for management of
patients suspected to have VAP.

J. Stacey Klutts

REFERENCES
1. American Thoracic Society, Infectious Diseases Society of America.

2005. Guidelines for the management of adults with hospital-acquired,
ventilator-associated, and healthcare-associated pneumonia. Am. J. Respir.
Crit. Care Med. 171:388 – 416.

2. Infectious Diseases Society of America, American College of Chest Phy-
sicians, American Thoracic Society, Society of Critical Care Medicine,
Spellberg B, Talbot G. 2010. Recommended design features of future clini-
cal trials of antibacterial agents for hospital-acquired bacterial pneumonia
and ventilator-associated bacterial pneumonia. Clin. Infect. Dis. 51(Suppl
1):S150 –S170.

3. Riaz OJ, Malhotra AK, Aboutanos MB, Duane TM, Goldberg AE, Borch-

ers CT, Martin NR, Ivatury RR. 2011. Bronchoalveolar lavage in the
diagnosis of ventilator-associated pneumonia: to quantitate or not, that is
the question. Am. Surg. 77:297–303.

4. Canadian Critical Care Trials Group. 2006. A randomized trial of diag-
nostic techniques for ventilator-associated pneumonia. N. Engl. J. Med.
355:2619 –2630.

5. Masterton RG, Galloway A, French G, Street M, Armstrong J, Brown E,
Cleverley J, Dilworth P, Fry C, Gascoigne AD, Knox A, Nathwani D,
Spencer R, Wilcox M. 2008. Guidelines for the management of hospital-
acquired pneumonia in the UK: report of the working party on hospital-
acquired pneumonia of the British Society for Antimicrobial Chemother-
apy. J. Antimicrob. Chemother. 62:5–34.

6. Rouby JJ, Martin De Lassale E, Poete P, Nicolas MH, Bodin L, Jarlier V,
Le Charpentier Y, Grosset J, Viars P. 1992. Nosocomial bronchopneu-
monia in the critically ill. Histologic and bacteriologic aspects. Am. Rev.
Respir. Dis. 146:1059 –1066.

7. Fujitani S, Yu VL. 2006. Quantitative cultures for diagnosing ventilator-
associated pneumonia: a critique. Clin. Infect. Dis. 43(Suppl 2):S106 –S113.

SUMMARY
Points of agreement:

1. There is no clear standard for definitively establishing the etiology of ventilator-associated pneumonia (VAP), due in part to the
complexity of this disease process.

2. Bronchoalveolar lavage (BAL) fluid acquisition is poorly standardized, making comparison between multiple samples from the
same patient difficult and even more challenging among a population of patients.

3. Quantitative cultures add complexity to the processing and interpretation of bronchoscopically obtained specimens.

4. Quantitative cultures of BAL fluid near the �104-CFU/ml threshold for positivity are more specific but less sensitive for the
diagnosis of VAP. Semiquantitative results, on the other hand, lack specificity and likely contribute to overuse of antimicrobials
in intensive care units (ICUs).

5. Quantitative culture supports the de-escalation of antimicrobial therapy, an important aspect of an antimicrobial stewardship
program.

Issues to be resolved:

1. New molecularly based techniques have revealed that the microbiome of VAP is much more complex than is currently recognized
using conventional techniques. We need to better understand how the interactions of organisms within this ecosystem impact
disease pathology.

2. As these molecular methods migrate to the clinical laboratories, our understanding of and ability to distinguish infectious causes
of lung pathology (pneumonia) from immunologically based ones (acute respiratory distress syndrome) should be enhanced.

3. Standard, easily performed approaches to measure the relative concentrations of lung secretions and diluent in bronchoalveolar
lavage fluids are needed. This will allow more accurate quantitation of organisms present in the lung, whether it be based on CFU
per milliliter or taxa per milliliter.

4. Outcome studies to establish the benefit of quantitative cultures of bronchoscopically obtained specimens are needed.
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