
Ventilator-associated pneumonia:
when is a pathogen not a pathogen?
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The context of respiratory microbiology is
changing. 16S rRNA gene sequencing is a
workhorse method in the field of environ-
mental microbiology, established for over
30 years.1 Rather than requiring growth
of organisms on agar plates it targets the
DNA of all the microorganisms present,
revealing bacteria irrespective of their
particular growth requirements. Together
with metagenomics, the untargeted
shotgun sequencing of DNA extracted
from a sample, these techniques have been
applied to the respiratory tract. These
approaches have revealed a characteristic
respiratory community of microorganisms,
a respiratory microbiota that varies in dif-
ferent diseases.2–6 The most prevalent
organisms in the healthy respiratory tract
are Streptococcus spp., Veillonella spp.
and Prevotella spp.; the latter two genera
being anaerobic bacteria, intolerant of
oxygen and not commonly isolated by
classic microbiology approaches.

At times studies that use these techni-
ques might seem to be just describing long
lists of bacterial names, but sampling over
time reveals dynamic interactions between
organisms and with their environment
and the word ‘community’ is therefore
used deliberately. Not all of these changes
in the presence and abundance of these
organisms are immediately explicable;
they might relate to any one of an enor-
mous number of variables not measured
by clinical studies. Forced expiratory
volume has very little direct impact on a
microorganism in the respiratory tract,
whereas the presence of a particular
microbial nutrient will.

Molecular methods, such as 16S rRNA
gene sequencing, have a different reso-
lution to clinical culture. They are capable
of sensitively detecting bacteria without
the narrow selection of the limited range
of culture conditions commonly used.
Conversely, they are not always capable of
providing identification beyond the level
of genus. Where microbiota analyses
really excel is in providing a full microbial
context for disease, without a priori
assumption of which organisms should be

targeted. They also remove some of the
uncertainties of isolation of bacteria; for
example, when patients are being treated
with antibiotics, culture might prove nega-
tive despite other evidence for infection.
As we’re using the method to examine a
community, they are at heart ecological
analyses and reveal the impact of environ-
mental selection on mixed populations of
microorganisms.
Intubation affects the environment of

the respiratory tract, altering clearance
and potentially providing a route for
external microorganisms to access the
lower respiratory tract. Ventilator-asso-
ciated pneumonia (VAP) occurs in between
8% and 28% of intubated patients.7 The
large uncertainty in this figure is at least
partially explained by varying definitions
of VAP in different hospitals. VAP is distin-
guished from hospital-acquired pneumo-
nia (HAP) by the length of time a patient
has been intubated for, though the micro-
biology also differs between these two
acquired pneumonias. VAP is characterised
by increased occurrence of infection with
Gram-negative enteric and non-enteric
bacilli, particularly Pseudomonas aerugi-
nosa.8 These organisms are also not
usually found in high abundance in
healthy individuals, though others respon-
sible for acquired pneumonia, such as
Streptococcus spp., Haemophilus spp. and
Staphylococcus spp., can also be present in
individuals without disease.
Zakharkina et al9 apply 16S rRNA

gene sequencing to a cohort of patients
defined has having either VAP, HAP or
community-acquired pneumonia. Patients
were recruited at intubation, prior to the
development of pneumonia, and VAP was
defined as occurring after intubation and
mechanical ventilation for > 48 hours.
They also divided patients into three
further groups: those without VAP and
without colonised airways; those without
VAP, but who had isolates from lavage or
endotracheal aspirate; and those with
both VAP and an isolate. The study
includes 35 subjects, a modest number
given the high variance in microbial com-
munities, but patients can be difficult to
recruit in this disease group and this is
greater than previous studies of the VAP
microbiome.10 Crucially, they sample
endotrachaeal aspirate longitudinally,

collecting 127 samples. Individuality is a
characteristic of the human microbiome
and although common organisms occupy
particular body sites, the proportions and
precise membership of the microbial
community from one person are unique
to them.11 12 Each subject is their own
best control, and longitudinal sampling
through an intervention improves the
power of these studies.

The authors frame their study within
the adapted island model. This concept
introduced to the respiratory field by
Dickson, Erb-Downward and Huffnagle13

was borrowed from island ecology, where
the number of different species (species
richness) on an island is related to how
isolated that island is from other sources
of organisms, such as the mainland. The
adapted island model recasts the lower
respiratory tract as the island and the
upper respiratory tract as the mainland.
Immigration to (eg, aspiration) and emi-
gration from (eg, cough, clearance) the
island are the only factors considered by
the model in defining the organisms
present, which is likely to be an oversim-
plification. You would expect disease
processes to modify the level of isolation
from sources of microorganisms in
the upper respiratory tract. With VAP,
Zakharkina et al propose that isolation is
achieved by intubation and hypothesise
that this will impact diversity of organisms
in the lower respiratory tract.

The authors found that diversity, mea-
sured by Shannon’s index, did indeed fall
with mechanical ventilation in 83% of
patients, though did not alter with anti-
biotic treatment. Shannon’s index is a way
of summarising the relative proportions of
each organism present in a sample and it
is particularly sensitive to an abundance
of rarer members of a community, so a
fall suggests that an organism is becoming
more dominant during mechanical venti-
lation. The lack of association with anti-
biotics is initially surprising; you might
expect a substantial effect, but there were
a wide range of different types used and it
is unlikely that the study was powered to
detect this. Both these findings are sup-
ported by independent research by other
groups.10

Further analysis identified the organism
increasing in dominance as Pseudomonas.
This is a well-known VAP-associated
organism, but what is particularly interest-
ing and for me the crux of the paper was
that this change occurred in association
with mechanical ventilation, irrespective
of whether the patient went on to
develop VAP. To a traditional, reductionist
view of microbial pathogenesis, this does
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not make much sense, virulent organisms
cause disease and require treatment don’t
they?

It follows that exposure to and colon-
isation with P. aeruginosa is not the sole
determinant in the development of VAP,
but host susceptibility must also play a
part. Pathogenicity and virulence have
been described as emergent properties of
the interaction between host and micro-
organism,14 15 and the results of this
study would seem to support that view-
point. The organism alone is not respon-
sible for the pathogenic process. There are
few examples of host determinants for
infection, but there is evidence for this
with P. aeruginosa itself in cystic fibrosis,
where host genotype in modifier genes
influences colonisation.16 In addition, the
other microorganisms present, the viru-
lence of the particular P. aeruginosa
strains acquired and other aspects of the
underlying disease are also likely to influ-
ence whether or not the colonisation
becomes infection.

The implications for diagnosis and treat-
ment of VAP are potentially profound. It
would be insufficient to attempt to screen
for P. aeruginosa or for other organisms
associated with VAP, whether by culture or
molecular methods. A diagnostic would
need to also target undefined susceptibility
determinants, in addition to the microor-
ganisms. Conversely, additional treatment
or prevention options might also present
themselves with a rapid prescreen indicat-
ing the requirement for infection control
measures to be put in place to attempt to
limit acquisition of opportunistic patho-
gens by VAP-susceptible patients. They
might also be flagged for non-invasive
methods of mechanical ventilation, redu-
cing isolation of the lower respiratory tract
island. Antibiotic exposure and prophy-
laxis could be reduced in patients that
were deemed resistant to VAP, with
important gains to be made against

antimicrobial resistance, especially given
that the WHO recently identified resistant
P. aeruginosa as a top priority for research
and development.17 Further studies are
required, but this research indicates that
benefit for patients might be gained by
considering infectious processes not
simply as a result of a single infectious
agent, but as the product of multiple
organisms, one of which happens to be
human.
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