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Contrary to popular belief, ventilator-
associated lower respiratory tract
infections are less common in
immunocompromised patients
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Ventilator-associated lower respiratory tract infections (VA-LRTIs) are less common in
immunocompromised patients than in general ICU patients, so host response might be less important
than anticipated in the pathophysiology of VA-LRTIs http://ow.ly/1V6Y30ih8yS
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In this issue of the European Respiratory Journal, Moreau et al. [1] describe the impact of
immunosuppression on incidence, aetiology and outcome of ventilator-associated lower respiratory tract
infections (VA-LRTTIs). The authors report a lower incidence of VA-LRTIs in immunosuppressed patients,
with an odds ratio of 0.64, which is in contradiction to their hypothesis and common belief.

It seems that the presumed positive association between immunosuppression and the development of
VA-LRTT is mostly based on “common sense” and not on empirical data; no large study has previously
quantified this relationship reliably. In their prospective observational cohort of almost 3000 intensive care
unit (ICU) patients at risk for VA-LRTIL, 22% were defined as “immunosuppressed” due to the presence of
a solid malignancy, haematological malignancy, AIDS or a history of allogeneic stem cell transplant, the
use of immunosuppressive drugs or status after organ transplant. VA-LRTI was defined according to the
currently accepted definitions [2]. Since immunosuppressed patients have an increased risk of decease
during their stay on the ICU, and a deceased patient cannot develop VA-LRTI, competing risk analysis
is necessary to quantify the risk of infection, and Moreau et al. [1] adequately dealt with this type of bias
[3-5]. They are to be applauded for their meticulous methodological approach. Thus, based on the
available empirical evidence, we must accept that an immunosuppressed state does not increase the risk of
VA-LRTI but might actually protect against VA-LRTL
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Why did we believe the contrary and what are the consequences of these findings?
Lower respiratory tract infections are the result of immigration of pathogenic bacteria into the lungs
(figure 1). In ventilated patients, immigration into the lungs is increased through the presence of the
endotracheal tube, positive pressure ventilation and an increased concentration of potential pathogenic
bacteria in the stomach and oro-pharynx [6, 8]. At the same time, elimination is decreased due to a
reduced cough reflex and mucociliary clearance. As the host response is also an important factor in
elimination of bacteria [7], especially in the absence of physical clearance of bacteria from the lower
respiratory tract, it makes perfect pathophysiological sense that immunosuppressed patients more
frequently develop VA-LRTIs. In fact, it was such a no-brainer that no one dared to question it.

Can we now conclude that impaired host response does not contribute to the
pathogenesis of VA-LRTI?

Immunosuppression was broadly defined in the current study by Moreau et al. [1] and was indicative of a
general inability of the patient to produce a certain type of immune response. This mix of
immunosuppressed states has been accepted as a clinical entity and has been shown to be important in the
response to several types of pathogens, such as Preumocystis jirovecii, Aspergillus, Histoplasma,
Blastomyces, Coccidioides, Cryptococcus and Candida [9, 10]. These fungi are not common pathogens in
VA-LRTT and there is considerably less evidence that broadly defined immunosuppression contributes to
the development of bacterial pneumonia. There is, however, abundant evidence that those
immunosuppressed patients who do develop bacterial pneumonia have a high risk of mortality [11], and
this finding is also supported by the data provided by Moreau et al. [1].

For common respiratory pathogens (rather than opportunistic infections), local growth factors might be
more important for the development of lower respiratory tract infections and these are not captured
through the used definition of immunosuppression. Chronic obstructive pulmonary disease (COPD) and
acute respiratory distress syndrome are well-established risk factors for ventilator-associated pneumonia
(VAP) and are both associated with functional, anatomical and biochemical heterogeneity in the lung [6,
12, 13]. Local rather than systemic host response is altered in these patient groups. Based on the currently
available data we can translate this as follows: opportunistic micro-organisms are omnipresent in the
normal lung [14], therefore immigration and regional growth differences are less important and host
response is the only factor keeping these micro-organisms from causing pneumonia. Conversely, common
respiratory pathogens are fully capable of causing pneumonia, even with a completely functional immune
response, and other factors are much more important in this case, eliminating immunosuppression as a
risk factor. A conceptual framework for the development of VA-LRTIs is shown in figure 2.

But why would immunosuppression protect against VA-LRTI? Moreau et al. [1] provide two potential
explanations. It could be argued that immunosuppressed patients less frequently develop clinical
characteristics of respiratory infections and therefore less commonly fulfil the criteria for VA-LRTI. As the
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FIGURE 1 Factors influencing the pulmonary microbiome. Reproduced and modified from [6] with permission,
and based on a personal interpretation of previously published figures, for example [7].
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infection would have to be more severe for the same clinical characteristics to occur, this would also
(partly) explain the higher mortality for immunosuppressed patients who do fulfil the criteria. However,
only nine patients were neutropenic and the others ought to have been able to show signs of an
inflammatory response. Pre-emptive use of antibiotics might be an alternative explanation.
Immunosuppressed patients might receive broad-spectrum antibiotics earlier and might therefore be
protected from the development of VA-LRTI. Administration of prophylactic antibiotics is associated with
a lower incidence of VA-LRTI in other studies [15], and the addition of intravenous cephalosporine
treatment to decontamination of the oro-pharynx/digestive tract is associated with protection against VAP
[16]. These explanations are based on indirect evidence and are therefore not completely satisfactory. It
remains to be determined if there are other mechanisms that can explain the observed protective effects.

Ventilator-associated tracheobronchitis (VAT) and VAP showed similar trends in their association with
immunosuppression. VAT and VAP show the same clinical characteristics, such as fever, purulent sputum
and inflammatory immune response [17, 18], and should both be prevented by broad-spectrum antibiotic
treatment, so there is less concern about the aforementioned biases when comparing VAT and VAP
prevalence. This is of particular interest as VAT is sometimes considered a precursor for VAP, progression of
which depends on the host response [19]. However, the data from the TAVeM study reported by MoRreAuU
et al. [1] suggest that immunosuppression is not an important indicator for progression of VAT to VAP. It
might be that specific immunological mechanisms of importance are not affected in all immunocompromised
patients [1]. One of the few studies on this topic suggests that complement activation is an important
mechanism in the containment of VAT and this part of the innate response is little influenced by most of the
studied immunosuppressed states [20]. However, there is a strong need for more evidence on the
immunological and biochemical mechanisms that determine the progression towards pneumonia.

The study by Moreau et al. [1] does not close the book on the association between immunosuppression
and the development of lower respiratory tract infections, but opens it. Studies like this exemplify how
little we know about the risk factors and pathophysiology of respiratory diseases as common and as well
studied as lower respiratory tract infections [7, 21]. Longitudinal analysis of patients developing VA-LRTIs
might shed more light on this in the near future, as it has done for the development of exacerbations in
cystic fibrosis [22] and COPD [23]. A combination of analysis of the microbiome [24, 25], the metabolic
environment [26-28] and inflammatory markers [29] might provide insight into the host-pathogen
interactions that are required for the development of VA-LRTIs and will provide more details on the exact
immunological mechanisms that do play a role [30].
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