
“Now We Got Bad Blood”: Beyond Phenotype Labels in an “Era” of
Meta-omics in Critical Illness

Since the seminal 2014 publication describing two distinct
phenotypes, hyper- and hypoinflammatory, in acute respiratory
distress syndrome (ARDS) (1), the field has made major progress in
characterizing critical illness heterogeneity. Host–response
phenotyping has shown impressive replicability in several
independent cohorts of patients with ARDS, hypoxemic respiratory
failure without ARDS (2, 3), sepsis, and acute pancreatitis (4). With
unsupervised classification approaches leveraging both clinical
variables and, most frequently, plasma protein biomarker
concentrations, patients with the same syndromic diagnosis could be
classified into distinct phenotypes, characterized by marked
differences in organ dysfunction indices and clinical outcomes.
Retrospective analyses of randomized clinical trials suggest that
phenotypes also partially explain heterogeneity of treatment effect.
This suggests potential utility for predictive enrichment in clinical
trials, an approach that awaits prospective validation (4).

Despite these advances, the biological underpinnings of the
observed phenotypes remain enigmatic. For example, probabilistic
classification to a hyper- versus hypoinflammatory phenotype by a
regression model does not help us understand the biology of
interindividual differences in biomarker profiles and clinical
outcomes for patients with the same diagnosis (e.g., ARDS).
Admittedly, phenotyping research has been informed by an implicit
hypothesis in most studies to date: phenotypes must represent
interindividual variation of host responses to similar insults, or
alternatively, the host matters more than the insult in phenotypic
classification.

Ten years later in this issue of the Journal, Neyton and colleagues
(pp. 805–815) offer a potential leap forward in our conceptual
understanding of sepsis phenotyping, by studying both the critically
ill host and the illness-inducing pathogens (5). The authors analyzed
host blood transcriptomics and plasmamicrobial DNA
metagenomics in 189 patients with sepsis in the emergency
department, with 40% classified with the hyperinflammatory
phenotype. All patients were treated with mechanical ventilation
and/or vasopressors, representing the most severely ill subset of the
observational EARLI (Early Assessment of Renal and Lung Injury)
study, which prompted the collection of a PAXgene (BD Biosciences)
tube for sequencing.

On the host side, bulk RNA transcriptomics unveiled the
expected complexity of transcriptional programs underlying
phenotype classifications. Hyperinflammatory patients had increased
expression of genes and pathways related to innate immune response,
including the PD-1/PD-L1 pathway and IL-8 signaling, whereas
hypoinflammatory patients exhibited increased expression of genes
related to adaptive immunity and T-cell responses. In silico analysis of
inferred cell type differentials also supported the notion of an innate
immunity “hyperinflammatory” phenotype, with increased
proportions of macrophages andmast and natural killer cells, versus
an adaptive immunity “hypoinflammatory” phenotype with greater
abundance of CD4 T cells. Transcriptional analyses also revealed
differences in metabolic pathways, with enrichment of oxidative
phosphorylation, glycolysis, and cholesterol biosynthesis pathways in
hyperinflammatory patients. This transcriptional activation aligns
with previous research indicating metabolic dysfunction in
hyperinflammatory patients, marked by elevated lactate
concentrations, mitochondrial dysfunction, and dysregulated lipid
metabolism (6, 7). Nonetheless, the transcriptomic analyses must be
considered within the context of marked differences in bacteremia,
with 49% versus 8% of bacteremia rates between hyperinflammatory
versus hypoinflammatory patients. Comparisons with publicly
available external datasets showed modest but statistically significant
reproducibility of transcriptional signatures by phenotype, especially
those defined by plasma biomarkers.

On the microbial side, plasma metagenomic DNA sequencing
revealed further insights. The plasma of hyperinflammatory patients
had higher microbial DNA biomass, with higher abundance of
bacterial sequences belonging to a single bacterial species
(dominance), perhaps related to the circulating DNA of the causal
pathogen. These findings parallel prior observations of a
discriminatory signature with “molecularly nonsterile” blood.
Hyperinflammatory patients with pneumonia or acute respiratory
failure had higher concentrations of plasma microbial cell–free DNA
(8) and circulating b-d-glucan (9) and impaired alternative
complement pathway function associated with higher risk of
bloodstream infections (10). In the context of coronavirus disease
(COVID-19) pneumonia, plasma concentrations of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA (RNA-
emia), as well as bacterial cell–free DNA from probable
superinfecting pathogens, were correlated with several host plasma
cytokines (11, 12), further supporting the concept of circulating
pathogen load contributing to the inflammatory response.

The biological impact of such “nonsterile” hyperinflammatory
blood remains unclear, but Neyton and colleagues’ (5) novel findings
have both diagnostic andmechanistic promise. Circulating microbial
fragments in the blood may offer a noninvasive and sensitive option
for etiologic pathogen diagnosis in sepsis. Such microbial fragments
may also act as pathogen-associated molecular patterns (PAMPs) that
activate pattern recognition receptors (13), resulting in the
downstream biomarker profiles we use to phenotype patients.
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Microbes and their PAMPs may be causally related to the clinical
presentation (e.g., sepsis), and they may proximally determine
immune pathways that are ultimately summarized as phenotypes
(Figure 1). If there are mechanistic links between microbial PAMPs
and host phenotypes, then interactions between PAMPs and pattern
recognition receptors may offer proximal opportunities for
therapeutic targeting.

Careful observation of differential abundance of microbial
species by plasma metagenomics led the authors to another
provocative hypothesis. Escherichia coliwas more abundant in
hyperinflammatory patients, who also had higher dominance of their
bacterial reads signal by Enterobacteriaceae taxa, a prototypical
bacterial family of enteric origin. This plasma Enterobacteriaceae
signal could not be corroborated by microbiological cultures of the
respiratory or urinary tracts. Therefore, Enterobacteriaceae, either in
complete living forms or in cellular fragments, may have leaked into
the bloodstream from the gut (i.e., gut-to-blood translocation) (14).
Gut translocation has been long proposed as a biologically plausible
mechanism, although convincingly observing its occurrence or
accurately quantifying its components during critical illness has
proved to be impractical. The association of plasma concentrations of
enteric-origin taxa DNAwith the hyperinflammatory phenotype
suggests that detailed multicompartment study of microbiota may
help disentangle the attractive yet elusive mechanism of translocation.

Despite the novelty and conceptual advancements offered by
Neyton and colleagues (5), their results ought to be interpreted as
hypothesis generating. The small sample size, selection of the
sickest subset of early presenters with sepsis, and single-center
design only partially validated by external datasets mandate
independent replication in broader patient populations.
Longitudinal study of host–microbiota interactions is also needed
to help understand how phenotypes may change during immunity
phase transitions or with evolving microbiota communities in the
ICU. The host–microbiota relationships revealed during the
hyperacute phase of sepsis suggest that translation into clinical
practice will require advancements in molecular assay capabilities
beyond emerging point-of-care protein biomarker analyzers, to
rapidly capture immune and microbiota signatures in clinically
relevant turnaround times.

Yet Neyton and colleagues’ study (5) marks a conceptual shift
frommerely discovering prognostic phenotypes in critical illness to
an era of informative delabeling of inevitably simplistic phenotypic
labels. In this new “era,” by embracing both host and microbial
signatures of phenotypically “bad blood,” previously enigmatic
phenotypes gain clarity within the context of the timeless “immunity
versus pathogen” battle. Integrative host andmicrobial phenotyping,
extending beyond isolated hyper- versus hypoinflammatory
classifications, may thus enable more precise targeting of treatable

Figure 1. Conceptual advancement in understanding host–response phenotypes in critical illness. Current classification approaches by plasma
biomarker concentrations offer robust associations with organ dysfunction and the prediction of clinical outcomes. The study by Neyton and
colleagues (5) provides insights into more proximal determinants of phenotypes. Blood host transcriptomics analyses showed increased
expression of genes and pathways involved in innate immune cells in hyperinflammatory patients, whereas hypoinflammatory patients had
increased expression of genes involved in T-cell responses. Microbial DNA metagenomics showed a higher amount of microbial DNA in
hyperinflammatory patients, who were also enriched for DNA belonging to the Enterobacteriaceae family. Enterobacteriaceae are typical
enteric-origin taxa, raising the hypothesis of possible gut-to-blood translocation in hyperinflammatory patients. Hyper=hyperinflammatory;
Hypo=hypoinflammatory; NK=natural killer.
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traits, moving us closer to the realization of precision medicine in
critical care.�
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Treatment Mechanism and Inflammatory Subphenotyping in
Acute Respiratory Distress Syndrome

Our understanding of the molecular mechanisms underpinning the
pathogenesis of acute respiratory distress syndrome (ARDS) has
advanced considerably during the past several decades. Yet, the
translation of this knowledge into effective pharmacotherapies for
ARDS has proven elusive. This gap is attributed in part to the
heterogeneity inherent in its syndromic clinical definition (1). In

recent years, multivariable classification and clustering analyses have
consistently revealed hyperinflammatory and hypoinflammatory
molecular subphenotypes of ARDS in multiple studies using different
techniques (2). Post hoc analyses of randomized trials suggest that
these subphenotypes respond differently to certain therapies (2).
Thus, it is possible that therapies that failed to confer benefit in large
efficacy trials might still be beneficial if administered to a carefully
selected, favorably responsive ARDS subphenotype.

In this issue of the Journal, Sinha and colleagues (pp. 816–828)
interrogated molecular subphenotypes of patients with ARDS
enrolled in the ROSE (Reevaluation of Systemic Early Neuromuscular
Blockade) trial (3). The ROSE trial compared cisatracurium
neuromuscular blockade (NMB) for 48hours versus usual care with
lighter sedation and discouragement of paralytic agents (4). As in
prior studies, Sinha and colleagues found that the trial population
was best characterized by a two-class model distinguished largely
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