
How to Understand a Revolution: Guts, Lungs, and Bronchiectasis

Suppose a scholar seeks to understand the American Revolutionary
War: its causes, consequences, and what lessons we may learn from it.
They begin by reading biographies of key participants but soon realize
that the scope of these books is too narrow. Broadening the scope to
study demography (e.g., census reports, immigration records) helps
them understand not merely the leaders of the revolution but also the
people they led. However, even this isn’t enough to understand the
colonists’ activities, so the scope is broadened further to interactions:
in governance (political science), in the marketplace (economics), and
in culture (sociology). Finally, our historian realizes that they cannot
understand the events of Boston, Philadelphia, and Yorktown
without also studying England: the leaders, people, and interactions
that influenced a revolution from across an ocean.

This sequence—the broadening of one’s scope of study to
understand a complex historical phenomenon—provides us with a
useful analogy for understanding another revolution: the introduction
of culture-independent microbiology to our study of respiratory
disease (1) (Table 1). For a century, the study of microbiota in the
lungs relied on “biographies” of individual species: culture-based
interrogation of prominent pathogens, studied by means of culture-
dependent bacteriology andmycology. In the past decade, the use of
microbiome techniques (amplicon sequencing, metagenomics) has
revealed the complex “demography” of respiratory microbiota:
diverse, dynamic populations of microbiota detected in healthy and
diseased airways. However, with rare exceptions (2), the field has not
reached the “interactions” scale of inquiry. We know little about the
complex networks that exist between respiratory microbiota, the
host, and mediators of disease pathogenesis. Furthermore, studies
of the microbiome’s role in lung disease have been anatomically
compartmentalized, sampling either respiratory microbiota or gut
microbiota, but never both.We’ve been trying to understand a
revolution with an incomplete toolkit, looking through a narrow lens.

In this issue of the Journal, Narayana and colleagues (pp. 908–920)
move the field forward by broadening our scope of inquiry. Seeking to
better understand themicrobiome’s role in bronchiectasis, they studied
a cohort of 57 adult patients with bronchiectasis (3). Althoughmodest
in size, the cohort was extensively and exhaustively characterized, both
anatomically (both respiratory and gut specimens) and taxonomically
(they studied both bacteria and fungi). This integrated strategy of cross-
compartmental sampling and cross-kingdom sequencing is novel and
enabled them to perform interactome analyses that incorporated both
gut and lung communities, both bacterial and fungal.

Their core finding was that these patients with bronchiectasis
cluster into two distinct subgroups, identified through their network
analysis: a high gut-lung interaction group (dominated by lung

Pseudomonas, gut Bacteroides, and gut Saccharomyces) and a low
gut-lung interaction group (characterized by respiratory commensals
such as Prevotella and gut Candida). Although these patient clusters
were derived purely using microbiologic measurements, they differed
clinically: The high gut-lung interaction cluster had worse clinical and
radiographic severity as well as greater frequency of exacerbations.
Although constrained by their observational study design (which
precludes determining whether these clusters are a cause of disease
severity or, instead, a consequence of it), the authors found that these
clusters did not differ in exposure to chronic macrolides or inhaled
corticosteroids, which suggests that they aren’t mere artifacts of
differences in treatment.

The most important lesson that we should draw from this work
is the need to consider both respiratory and gut microbiota in
human studies of respiratory disease. Although sputummicrobiota
have been studied extensively in bronchiectasis (4–6), and although
gut communities have been implicated in the pathogenesis of other
airway diseases (7, 8), the study by Narayana and colleagues is the
first human study of any respiratory condition to integrate an analysis
of microbiota across both anatomic compartments. Crucially,
when the authors restricted their network analysis to gut-only and
sputum-only communities, this diminished their ability to stratify
patients into clinically distinct clusters. This key finding has
important implications, both biological and methodological, for our
understanding of the microbiome’s role in respiratory conditions.
Animal models that have sampled both compartments have
demonstrated that the respiratory microbiome develops in tandem
with that of the gut, and there is clear cross-talk between the two.
Manipulation of gut microbiota can alter the microbiota and
immunity of the lung, providing beneficial effects in asthma (9) and
protection against respiratory viruses (10). Despite the compelling
murine data of a “gut-lung axis,” the human field has been siloed in
parallel, nonintersecting inquiries: What is the role of gut bacteria in
the calibration of immunity (both systemic and pulmonary) (11–13),
and how is lung immune tone calibrated by local interactions with
microbiota within the respiratory tract (14–19)? The study by Narayana
and colleagues suggests that the correct answer to the question of
“Whichmatters, gut microbiota or lungmicrobiota?” is “Both.”

This study provides us with immediate, intermediate, and
long-term implications. All prospective studies of the microbiome’s
role in respiratory disease should, if possible, obtain time-matched
respiratory and lower gastrointestinal tract specimens. In the
intermediate term, identification of exacerbation-prone patients
(using gut and lung microbiota) may help risk-stratify patients and
enrich clinical trials. This approach is already supported by a
secondary analysis of the BLESS (Bronchiectasis and Low-Dose
Erythromycin Study) trial—which demonstrated that clinical
benefits of long-term erythromycin in bronchiectasis were specific
to patients with Pseudomonas-enriched respiratory communities (6).
In the long term, Narayana and colleagues provide new evidence
supporting the potential targeting of both gut and respiratory
microbiota as therapeutic targets in bronchiectasis (1).
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This latter implication—that both gut and respiratory
microbiota represent potential therapeutic targets in lung disease—
forces us to confront the same challenge faced by our student of
history: On which phenomenological scale do we focus our efforts?
Will it suffice to eradicate specific species (such as Pseudomonas),
either because they hold the potential to overgrow and cause
infections (as pathogens) or because they play “keystone” roles within
microbial networks? Or should we instead target collective features of
microbial communities (such as bacterial burden and community
diversity) (15, 16)? Or, instead, do we need to target networks and
microbial interactions themselves, potentially by intercepting the
mediators that propel and organize these bug-bug and bug-host
interactions?

In reality, these domains of inquiry need each other: just as
economics requires insights from demography and political science
informs biography, we will need bacteriology, mycology, andmicrobial
ecology to determine how these microbial networks assemble, dissolve,
and participate in (or protect us from) disease pathogenesis. As
valuable a tool as network analysis is, and as important as the findings
of Narayana and colleagues are to the field, the answer to the question
“At which scale do we target our interventions?” will surely be “all of
the above.”We have nomore moved on from bacteriology, mycology,
andmicrobial ecology than historians have moved on from biography
and demography. If we seek to truly understand a revolution, we can’t
afford not to use all of our tools.�
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Maldevelopment of the Immature Pulmonary Vasculature and
Prolonged Patency of the Ductus Arteriosus: Association or Cause?

Nearly half to two-thirds of extremely preterm infants (,28 weeks
of gestation) have moderate to large patent ductus arteriosus (PDA)
shunts, which may lead to sustained exposure to excessive pulmonary
blood flow (Qp) for days to weeks (1). Natural history studies of
extremely preterm infants report a median time of PDA closure
of 72 days (2). The association of PDA and bronchopulmonary
dysplasia (BPD) is well documented; recent evidence highlights the
increased likelihood of the most severe forms of BPD in patients with
both prolonged mechanical ventilation and exposure to a large PDA
(3) (Figure 1). The relationship of prolonged PDA exposure to
pulmonary vascular maldevelopment, however, and its most severe
form, pulmonary arterial hypertension (PAH), although biologically
plausible, has received little scientific investigation. Almost 70 years
ago, Hultgren and colleagues first reported the development of PAH,
on either cardiac catheterization or autopsy, in eight patients after
prolonged PDA exposure (4). Randomized clinical trials to date have
focused exclusively onmodulation of BPD, without any consideration
of the impact on the immature pulmonary vascular bed or risk of
PAH. Therefore, the direct effect of a prolonged PDA shunt, indirect
effects through BPD development, andmodulator effects of PDA
treatment on pulmonary vascular remodeling and PAH remains
unknown.

In this issue of the Journal, Gentle and colleagues (pp. 921–928)
report a possible association between prolonged PDA exposure and
PAH in a cohort of preterm infants, born at less than 28 weeks’
gestational age, who remained on assisted respiratory support on
Postnatal Day 28 (5). After adjustment for relevant covariates (birth
weight, FIO2

on Day 28), both PDA (adjusted odds ratio [aOR], 4.29;
95% confidence interval [CI], 1.89–9.77) and moderate to large
PDA (aOR, 4.15; 95% CI, 1.78–9.64) were strongly associated
with BPD–PAH at discharge. In addition, by probit analysis, each

additional month of PDA exposure was associated with increased
probability for the primary outcome of death or BPD–PAH at
discharge. In an era when an increased number of clinicians have
adopted a conservative approach to PDA, the implications at first
glance may appear alarming. Although the findings are biologically
plausible, several pathophysiologic factors need consideration before
causality may be implied.

First, the interplay among pulmonary arterial pressure (PAP),
Qp, and pulmonary vascular resistance (PVR) in neonatal PAH is
explained by the equation PAP=PVR3Qp1 left atrial pressure.
Therefore, in the setting of prolonged PDA exposure, PAHmay relate
to developmental (pulmonary vascular remodeling and elevated
PVR) or physiologic (excessive Qp and/or left atrial hypertension)
factors (Figure 1). Although the latter is potentially modifiable with
elimination of the ductal shunt, the former, which forms the basis of
the authors’ supposition, may be less amenable to pharmacological
modulation. The relationship among oxygen exposure, target
oxygen saturation, and ambient PaO2

is an additional, and poorly
investigated, consideration in the setting of prolonged PDA shunt
exposure. Intermittent or sustained periods of hypoxia, oftentimes
followed by hyperoxia, may contribute to both pulmonary vascular
injury and ongoing ductal patency (6). In addition, in the setting of
a high-volume PDA shunt, oxygen saturation, which is a surrogate
for hyperoxia exposure, is not a reliable determinant of oxygen free
radical–mediated lung endothelial injury. Pulmonary overcirculation
from left-to-right shunts, as observed with a large, unrestricted
ventricular septal defect (VSD), is associated with excessive shear
stress, leading to high risk of increased PVR and PAH (7).
In addition, pulmonary arterial oxygen saturation (SpaO2

) is
increased in the setting of either PDA or VSD, thereby reducing
the denominator in the shunt calculation: Qp/systemic blood
flow= (SaO2

2mixed venous oxygen saturation)/(pulmonary venous
oxygen saturation2 SpaO2

). Such high SpaO2
may potentially enhance

Qp and contribute to oxygen toxicity and endothelial dysfunction,
resulting in PAH (7). It is therefore possible that high SpaO2

and
high pressure in infants with large PDAsmight promote pulmonary
vascular disease and PAH. Of importance, pressure- or stretch-
induced vasoconstriction, known as the myogenic (or Bayliss)
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