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Abstract

Purpose Septic shock and acute respiratory distress
syndrome (ARDS) are characterized by a dysregulated
immune host response that may respond to steroid therapy.
Eosinophils contribute to type 2 inflammation that often
responds to steroid therapy; their role in immune
dysregulation and outcomes in sepsis and ARDS is unclear.
Source A systematic search of Cochrane Library,
MEDLINE, and EMBASE was performed from inception
to 9 September 2020. The search comprised the following
terms: eosinophils, sepsis, septic shock, and ARDS. Two
reviewers independently screened abstracts and texts and
extracted data on disease severity and clinical outcomes.

Principal findings Thirty-nine studies were identified: 30
evaluated serum eosinophil count in sepsis, one evaluated
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eosinophil  activity in  sepsis, three  assessed
bronchoalveolar lavage (BAL) eosinophil count in ARDS,
four assessed eosinophil activity in ARDS, and one
assessed peripheral eosinophil count in ARDS. Eleven
studies showed an association between eosinopenia and
sepsis, and eight studies found persistent eosinopenia at >
48 hr of intensive care unit admission to predict mortality
and readmission in septic patients. Three studies found
BAL eosinophil count to be low in ARDS, although one
found that levels rose in late-phase ARDS. Three studies
found eosinophil activity markers in BAL to be high in
ARDS and correlate with ARDS severity.

Conclusion Persistent peripheral eosinopenia is a marker
of bacterial sepsis and is independently associated with
poor outcomes. Bronchoalveolar lavage eosinophil counts
are low in early-phase ARDS, but increase in late-phase
ARDS, while elevated markers of eosinophil activity
correlate  with  ARDS  severity.  Further studies
understanding the mechanisms leading to eosinopenia in
sepsis and increased eosinophil activity in ARDS are
needed.
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Résumé

Objectif Le choc septique et le syndrome de detresse
respiratoire aigué’ (SDRA, ARDS en anglais) se
caracterisent par une reponse immunitaire deregulee
chez ’hdte qui pourrait répondre a une corticotherapie.
Les cosinophiles contribuent a l'inflammation de type 2,
laquelle repond souvent a la corticotherapie; leur role
dans la deregulation immunitaire et les devenirs en cas de
sepsis et de SDRA n’est pas clair.

Source Une recherche systematique dans les bases de
données Cochrane Library, MEDLINE et EMBASE a ete
realisee de leur creation au 9 septembre 2020. La
recherche comprenait les termes suivants : eosinophiles,
sepsis, choc septique et SDRA. Deux reviseurs ont examine
de maniere independante les resumes et textes et ont extrait
les donnees decrivant la gravite' de la maladie et les
devenirs cliniques.

Constatations principales Trente-neuf etudes ont ete
identifices 30 etudes portaient sur le decompte
d’eosinophiles seriques lors de sepsis, une etude
examinait ’activite” des €osinophiles dans un contexte de
sepsis, trois ont évalue’ le decompte d’eosinophiles par
lavage bronchoalveolaire (LBA) dans les cas de SDRA,
quatre ont examine activite des eosinophiles dans le
SDRA, et une a évalue le decompte d’cosinophiles
peripheriques dans les cas de SDRA. Onze etudes ont
montre une association entre I’eosinopenie et le sepsis, et
huit etudes ont remarque” qu’une eosinopédie persistante
pour plus de 48 heures apres I’admission d 'unite’ de soins
intensifs etait un predicteur de mortalite et de readmission
chez les patients septiques. Trois etudes ont revele que le
nombre d’eosinophiles dans un LBA etait faible en cas de
SDRA, bien qu’une cetude ait constate que les taux
augmentaient dans les SDRA de phase tardive. Trois
etudes ont revele que les marqueurs
eosinophilique dans les LBA etaient eleves dans les cas
de SDRA et etaient correles d la gravite’ du SDRA.
Conclusion L’eosinopenie peripherique persistante est un
marqueur de sepsis bacterien et est independamment
associee d de mauvais pronostics. Les decomptes
d’eosinophiles dans les lavages bronchoalveolaires sont
bas dans les cas de SDRA en phase precoce, mais
augmentent dans le SDRA en phase tardive, alors que
des marqueurs eleves d’activite’ eosinophilique sont
correles d la severite’ du SDRA. D’autres etudes visant d
comprendre les mecanismes menant d l’eosinopenie dans
le sepsis et a l’augmentation de 1’activite” eosinophilique
dans le SDRA sont necessaires.

d’activite’

Keywords eosinophils - eosinopenia - sepsis -
acute respiratory distress syndrome (ARDS)
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Septic shock remains a leading cause of death worldwide,
with a mortality rate greater than 40% despite substantial
efforts to improve early identification and management.'
Acute respiratory distress syndrome (ARDS) is a common
complication of septic shock and is associated with an even
higher mortality rate of over 60%.% Both septic shock and
ARDS are characterized by a severe inflammatory state
resulting from a dysregulated immune host response.
Guidelines have supported the use of corticosteroids in
these conditions to mitigate these complex inflammatory
processes, although the recommendations have been
conditional because of inconclusive evidence.’™

Steroids are generally effective in conditions associated
with eosinophils; raised eosinophils in blood or sputum are
markers of steroid responsiveness in a number of airway
diseases such as asthma,6 chronic cough,7 and chronic
obstructive pulmonary disease (COPD).® It is not known if
eosinophils in sepsis or ARDS have similar theragnostic
value. The classical model of immune dysregulation in
sepsis describes activation of the innate immune system in
response to antigens such as lipopolysaccharides in gram
negative bacteria. This results in the release of cytokines
such as interferon-y and interleukin-12 (IL-12), which
activate adaptive immunity through T helper 1 (Ty1) cells,’
characterized typically by high levels of IL-6, IL-8, IL-1,
and tumour necrosis factor-o (TNFo). This “type-1
inflammation” 1is also involved in the development of
ARDS' and precipitates a pro-inflammatory cascade
characterized by intense phagocyte activity and host
tissue destruction.'’ In contrast, type 2 inflammation is
characterized by the activation of Ty2 cells, which results
in eosinophil activation in response to extracellular
organisms that cannot be phagocytosed, such as
helminths. Type 2 inflammation initiates tissue repair
through myofibroblast activation and angiogenesis, and is
hypothesized to balance the pro-inflammatory type 1
responses in sepsis.'” Imbalance between type 1 and type
2 responses leads to immune disequilibrium and may lead
to poor outcomes seen in both sepsis and ARDS.'"!" As
eosinophils are also activated by type 2 inflammation, their
absence (eosinopenia) may indicate immune imbalance.
Alternatively, eosinopenia may be a consequence of
eosinophil consumption, and eosinophils may contribute
to the dysregulated host response in infection and ARDS.
Eosinophil recruitment into inflamed tissue can cause
tissue damage by generating oxidative stress through
eosinophil peroxidase (EPO) and by cytotoxicity through
the release of granule proteins such as eosinophil cationic
protein (ECP) and extracellular trap cell death."
Eosinophil trafficking into lung tissue in ARDS may
contribute to alveolar damage, capillary leak, interstitial
edema, and inflammation through these mechanisms.'*'
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Elevated levels of ECP may better reflect eosinophil
activation than eosinophil count in these circumstances.

In this scoping review, we summarize and map the
associations between peripheral eosinophil levels and
peripheral eosinophil activity and clinical outcomes in
patients with sepsis, as well as describe bronchoalveolar
lavage eosinophil (BAL) levels and activity in states of
immune dysregulation using the ARDS model. Further
understanding of potential pathways leading to immune
imbalance in sepsis and ARDS are needed and a review of
this evidence may help identify knowledge gaps for future
research.

Methods
Information source and search strategy

A certified librarian conducted a systematic search of
Cochrane Library, MEDLINE®, and EMBASE®
electronic databases, using the OvidSP search interface,
from inception to September 2020. To identify all relevant
studies, a search strategy using combinations of controlled
vocabulary (subject headings) and keywords was adopted.
This comprised the following search terms: eosinophils,
sepsis, septic shock, and ARDS. The review had no
restrictions on the study designs. We have attached our full
literature search strategy as an Electronic Supplementary
Material eTable (ESM). The search strategy was peer-
reviewed as per the Peer Review of Electronic Search
Strategies (PRESS) 2015 guideline.'® The PRESS checklist
includes six domains that assess the appropriate translation
of the research question and use of search concepts,
headings and subheadings, filters and limits, spelling and
syntax, proximity operators, and text word searching with
the use of appropriate synonyms and abbreviations. The
protocol was registered in the research registry website
(unique identifying number: reviewregistry982)."”

Selection criteria

Only studies with adult human participants (age > 18 yr)
and published in English were included. Studies conducted
in the pediatric population and animal studies were
excluded, as were case reports and review articles. Any
study that assessed BAL, peripheral blood eosinophil
counts or activity in sepsis or ARDS, and clinical
outcomes (disease associations and/or severity) were
eligible. Two reviewers (ZD and JP) screened titles and
abstracts to be included for full review. The reviewers
further evaluated the full-text for eligibility criteria, and
disagreements were resolved by consensus. Data
abstraction was done by two reviewers (ZD and JP) using

a standardized data abstraction form. Descriptive
information on study design, key inclusion criteria,
sample size, eosinophil level/marker, and clinical
outcomes (mortality, hospital readmission, ARDS
severity) were abstracted.

Methodologic quality assessment

We used the Newcastle-Ottawa regulations coding manual
and assessment scale (NOS) for case-control and cohort
studies to assess the quality and risk of bias of each study.'®
It uses a “star system”, which involves assessing the
studies for three main domains including: selection of the
study groups; comparability of the study groups; and
ascertainment of either the exposure or outcome of interest
for case-control or cohort studies, respectively. Two
reviewers (ZD and MF) independently assessed risk of
bias in all eligible studies and disagreements were resolved
by discussion and consensus.

Results

The search strategy yielded 917 articles, with 39 studies
remaining after removing duplicates and irrelevant articles
(Figure). Thirty studies evaluated peripheral eosinophil
counts in sepsis,'”™*® one study evaluated peripheral
eosinophil activity in sepsis,*® three studies assessed
BAL eosinophil count in ARDS,SO_52 four studies
assessed peripheral and BAL eosinophil activity in
ARDS,'*#!393>% and  one study evaluated peripheral
eosinophil counts in ARDS.”> More than half of the
studies were deemed to be of poor overall quality using the
NOS (Table).

Eosinophils in sepsis and septic shock

Many studies have evaluated the association between
peripheral blood eosinophil counts and sepsis with
inconsistent results. The 30 studies that evaluated this
question had significant heterogeneity with respect to their
study design, patient population, methodology, and
outcomes assessed.

Eosinophil levels in septic vs non-septic patients

Five studies showed that eosinopenia (eosinophil count <
0.05 x 109'L71) discriminated infected patients (those with
sepsis, severe sepsis, and septic shock) from non-infected
patients (systemic inflammatory response syndrome
[SIRS]) only as per 1992 American College of Chest
Physicians/Society of Critical Care Medicine Consensus
Definition,”® with a C-statistic range of 0.72 to

@ Springer



718

Z. Al Duhailib et al.

0.89.20-24:26.33:4546  pe  study described a  positive

association between increasing eosinophil count and
sepsis compared with non-septic trauma patients admitted
to the intensive care unit (ICU).'” Five studies did not
report a difference in eosinophil count between infectious
and non-infectious SIRS groups.”***%35 Nevertheless,
these studies are limited by small sample sizes (range
66—185) and cross-sectional study designs.

Eosinophil levels and clinical outcomes in septic patients

Twelve studies described an association between persistent
eosinopenia and mortality. Merino et al. showed that an
eosinophil count < 0.05 x 10°L™" at 96 hr after ICU
admission had a C-statistic of 0.65 (95% confidence
interval [CI], 0.67 to 0.73)26 to discriminate 30-day
mortality. Of note, as per the study centre guidelines all
patients were given hydrocortisone 50 mg iv g6h. Terradas
et al. used survival analysis to determine predictors of
15-day mortality in patients with bacteremia.”® They found
that patients with an eosinophil count persistently below
0.0454 x 10°-L ™" had a hazard ratio (HR) of 4.20 (95% CI,
2.66 to 6.62) for death compared with the reference group
of patients with eosinophils > 0.15 x 10°L™!, after
adjusting for age, sex, comorbidities, steroid use, and
vasopressor use. Yip et al. expanded on these findings by
following 1,446 patients after ICU discharge (median
[interquartile range (IQR)] follow up 26 [22-30] months
and found eosinopenia on ICU discharge (< 0.01 x
109~L71) to be associated with ICU readmission (odds
ratio, 2.50; 95% CI, 1.38 to 4.50; P = 0.002) and post-ICU
mortality (HR, 2.65; 95% CI, 1.77 to 3.98; P = 0.001) after
adjusting for baseline characteristics, cause of admission,
comorbidities, and sepsis severity.>> Similarly, Mahmoud
et al. found an increased ICU and hospital length of stay in
patients with eosinopenia.** Specific subgroups of patients
have also been shown to do poorly with eosinopenia in the
context of sepsis. Patients with (:irrhosis,29 clostridium
difficile infection, and COPD exacerbations all had
increased mortality with sepsis-associated eosinopenia
(eTable, ESM).***¢ The largest study (n = 68,648) to
evaluate this association has been published only in
abstract form.*” They found eosinopenia at 48 hr to be
significantly associated with 90-day mortality, 30-day
readmission, and discharge to a care facility (ESM
eTable). Overall, most evidence suggests that eosinopenia
is associated with poor outcomes in sepsis.

Two studies that met inclusion criteria evaluated
different clinical outcomes than mortality and
readmission. Pestana er al. assessed the utility of adding
peripheral eosinophilia (> 3%) to a model using baseline
cortisol levels to determine hemodynamic improvement
after steroid treatment and found no added discrimination
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with eosinophilia.*' Laviolle et al. assessed eosinophil
levels after steroid administration in septic patients and
found an 88% decrease in mean eosinophil counts after
steroid administration compared with placebo; however
there was significant overlap between eosinophil levels in
the placebo group (median [IQR] baseline eosinophil count
0 [0-90] cells/mm3) and the steroid group (0 [0-65] cells/
mm?). 2

Eosinophil activity and clinical outcomes in septic patients

Only one study evaluated peripheral eosinophil activity in
sepsis by evaluating eosinophil CCR3 expression (eotaxin
receptor, type 2 chemokine) and eosinophil CRTH2
expression (chemoattractant receptor-homologous
molecule).*” They found CRTH2 and CCR3 expression
on eosinophils was severely decreased in patients after the
onset of shock, despite the eosinophil count being
unchanged. Survivors showed a non-significant trend
towards higher levels of CRTH2- or CCR3-positive
eosinophils compared with non-survivors. The authors
conclude that patients with prolonged “immunoparalysis”
as described by reduced CRTH2 and CCR3 expression,
markers of a Th2 response, are susceptible to worse
outcomes as it indicates a more severe form of sepsis.

Eosinophils in ARDS
Bronchoalveolar lavage eosinophil levels and ARDS

Three studies evaluated BAL eosinophil levels in ARDS.
Allen et al. described BAL eosinophilia as a differential
count of > 5% and found only one out of 29 patients with
ARDS to have BAL eosinophilia.® Mean BAL eosinophil
count was not described. Nakos et al. compared BAL total
eosinophil count between healthy controls and different
phases of ARDS.? They found that eosinophil counts
significantly increased in the late phase of ARDS, to a
degree similar to studies of idiopathic pulmonary fibrosis.
The mean (standard deviation) Bronchoalveolar lavage
eosinophil count was 0.5 (0.1) (x 1,000/mL) in healthy
controls, compared with 1.8 (2.9) in the early phase of
ARDS, 2.0 (2.2) in the intermediate phase, and 9 (4.2) in
the late phase. Jacobs et al. described an eosinophil range
of 0-5.8 x 1,000/mL in ARDS patients with pneumonia.’’
Willetts et al. assessed a novel monoclonal antibody
immunohistochemistry stain recognizing EPO (EPX-mAb)
to identify eosinophils in lung biopsy specimens of patients
with acute lung injury, defined in this study as any
pulmonary disease characterized by life-threatening
hypoxemic respiratory failure and diffuse bilateral
pulmonary infiltrates.”* They showed that EPX-mAb
immunohistochemistry had a 40-fold increase in



Eosinophils in sepsis and ARDS

719

sensitivity compared with hemotoxylin and eosin stains in
identifying eosinophils, and found lung infiltrating
eosinophil numbers to be higher in acute lung injury
patients that survived hospitalization compared with non-
SUrvivors.

Eosinophil activity and ARDS

While BAL eosinophilia is uncommon in ARDS patients,
increased markers of eosinophil activity in their peripheral
blood and BAL have been documented. Three studies have
assessed the value of ECP, a marker of eosinophil
degranulation. The first study by Hallgren ef al. in 1984”7
found that serum levels of ECP were higher in patients with
ARDS compared with patients without ARDS, despite
ARDS patients having relative peripheral eosinopenia.
They hypothesized that eosinophils were being actively
recruited and degranulated in ARDS lungs resulting in the
low peripheral eosinophil levels and high BAL
degranulation products, and suggested that eosinophils
played a key role in the development of ARDS. This
hypothesis was subsequently tested by Modig et al., who
found that BAL ECP levels correlated with ARDS
severity.'* Halgren confirmed these findings, and
described ARDS patients to have a higher BAL ECP
concentration compared with healthy controls (163 (85)
pgL™" vs 19 (18) pgL™'; P < 0.001) and found a
significant inverse correlation (P < 0.01) between BAL
ECP fluid concentrations and pulmonary oxygenation
(partial pressure of arterial oxygen/fraction of inspired
oxygen ratio).'?

Peripheral blood eosinophil count and ARDS

Only one study evaluated the association between
peripheral blood eosinophils and survival in patients with
ARDS. Zhang and Wang showed that a peripheral
eosinophil count below 0.05 x 10°L™" within 24 hr of
ARDS diagnosis is an independent risk factor for survival
(HR, 1.5;95% CI, 1.01 to 2.23; P = 0.04).>® This study was
published only in abstract form and did not specify what
proportion of patients had sepsis-related ARDS.

Discussion

This scoping review describes the current state of evidence
surrounding the role of eosinophils in sepsis and ARDS.
We found that peripheral eosinophil levels are generally
lower in septic patients than in those with SIRS
only. 202227333546 pergistent eosinopenia (defined as
eosinophil level < 0.05 x 10°-L™" for at least 48 hr after
ICU admission) is associated with a 2 to 4-fold increased

risk of mortality, and up to 2.5-fold increased risk of
hospital readmission. Low levels of peripheral eosinophil
activity are associated with poor survival in sepsis. Acute
respiratory distress syndrome patients did not express BAL
eosinophilia (defined as eosinophils > 5% of BAL
differential) until the late phase of ARDS. Increased local
eosinophil activity correlated with ARDS severity, whereas
decreased peripheral eosinophil counts were seen in
ARDS. These findings lend credence to the model of
immune imbalance between type 1 and type 2
inflammation in both sepsis and ARDS.

Pathomechanistic role of eosinophils in sepsis

Although the diagnostic and prognostic significance of
eosinopenia in sepsis has been highlighted in our review,
the mechanism of eosinopenia in septic patients remains
ambiguous. One hypothesis is that peripheral eosinopenia
is a consequence of low type 2 inflammation as a result of
immune imbalance.'? In an observational study of patients
with septic shock, IL-5, a cytokine involved in type 2
inflammation and eosinophil maturation, was higher in
survivors compared with non-survivors, despite peripheral
eosinopenia.’” Murine models have shown that activated
eosinophils play an important role in host defence against
viral and possibly bacterial pathogens.’®>® These models
have shown that type 2 responses can balance dysregulated
septic pro-inflammatory responses as a result of type 1
inflammation.®® Type 2 response is associated with
eosinophilia, and the absence of eosinophils may signal
immune imbalance and resultant worse outcomes. Thus, it
is possible that eosinophils play a role in host defence in
sepsis. An alternate hypothesis is that peripheral
eosinopenia is a consequence of increased tissue
eosinophil recruitment and consumption. In sepsis,
cytokines and chemokines (mainly C5A and fibrin
fragments) have been shown to cause migration and
sequestration of eosinophils at the site of infection,
potentially contributing to initial peripheral
eosinopenia.’’  Nevertheless, it is the persistent
eosinopenia that has shown consistent associations with
poor outcomes. Given the observational nature of these
associations, it is difficult to establish the causality of
eosinopenia in bacterial sepsis. We were unable to find
studies describing the role of eosinophils in patients with
viral pneumonia-induced septic shock and multiorgan
failure. Further research is needed to determine if
peripheral eosinopenia is a consequence of eosinophil
activation and consumption, or a consequence of low type
2 immune response and immune imbalance. The single
study on eosinophil activity in sepsis found low levels to be
associated with worse clinical outcomes, supporting the
latter hypothesis.*’ Nevertheless, further research is needed
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to reproduce these findings. It also remains unclear if
eosinopenia is simply a marker of severe sepsis and low
type 2 immune response, or if they themselves play a role
in host defence and injury repair.

Pathomechanistic role of eosinophils in ARDS

The role of eosinophils in lung injury is similarly unclear;
eosinophils may appear in the lung either as an effector cell
resulting in tissue destruction or be present simply as a
response to lung tissue injury and repair.? Studies that
have evaluated eosinophil degranulation products (ECP, a
marker of eosinophil activity), have shown a consistent
association between higher ECP levels and ARDS severity.
Nakos et al.’* and Haslam ez al.*® described elevated BAL
eosinophils during the late phase of ARDS (eosinophil
count 9 (4.2) x 1000/mL), similar to patients with
idiopathic pulmonary fibrosis, suggesting a possible link
between eosinophils and the development of fibrosis in
late-phase ARDS. Increased ECP levels also correlated
with ARDS severity. This is in contrast to the single study
on peripheral eosinophil activity in sepsis, where high
activity was associated with improved survival.*’
Therefore, eosinophil activation may be part of the
inflammatory process in the lung in ARDS. The
mechanism of ongoing degranulation needs to be further
evaluated as this may be an opportunity for targeted

@ Springer

therapy in ARDS, given the lack of consistent benefit with
systemic steroids in this condition.

Although the studies describing these associations
enrolled heterogeneous groups of patients with ARDS,
including those with pulmonary and extrapulmonary
ARDS, both direct and indirect inciting factors can lead
to activation of common pathways and inflammatory
cascades that promote lung injury.®® The role of
neutrophil activation and pro-inflammatory cytokines (IL-
6, IL-1f, TNFa) have been well described in the literature.
Nevertheless, our understanding of pathways leading to
ARDS continues to evolve, and the lack of effective
pharmacotherapy highlights the limitations in existing
knowledge. Further research into the theragnostic value
of eosinophils in ARDS is of interest, particularly because
of uncertainties surrounding the mechanism and role for
steroids and targeted immunomodulation in ARDS caused
by the coronavirus disease (COVID-19) pandemic, given
that eosinopenia was observed in more than half of those
patients on hospital admission.>°® In a small case series,
Liu et al. showed an improved eosinophils count on
discharge with the use of the Lopinavir-combined regimen
in patients with COVID-19.” The data are limited
regarding the role of eosinophils in COVID-19, but they
may serve as a prognostic marker for disease severity.®®

Finally, it is important to highlight that the presence of
certain cell types does not necessarily portend a poor
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prognosis, as evident from tracheal aspirates of intubated
severe asthmatic patients. Ordonez et al. described a higher
neutrophil count in the post-extubation tracheal aspirates
compared with the counts post-intubation.®” While it was
expected that the number and activity of neutrophils would
be greater when patients were admitted and intubated than
when they were well enough to be extubated, the converse
was observed. To explain this phenomenon, an ex-vivo
sputum analysis was performed revealing impairment of
protease-dependent mucus degradation by plasma proteins
during acute asthma exacerbation, and that neutrophil
recruitment and release of proteases facilitated the mucus
clearance in the airway and contributed to -clinical
improvement.”®

The strengths of this review include the comprehensive
literature search, and independent duplicate judgement
about the studies eligible for inclusion, data abstraction,
and risk of bias assessment. There are limitations to this
review. All studies were observational in nature; inferences
on cause-and-effect relationships between eosinopenia and
sepsis as well as eosinophils in ARDS are hypothesis
generating. Longitudinal studies are needed to better
characterize these relationships. In addition, the studies
were clinically heterogeneous, which did not allow for
pooling of results.

Conclusion

Eosinophils have a role in predicting survival and severity
of sepsis, and low levels of peripheral eosinophil activity
are associated with a trend towards poor survival in sepsis.
Nevertheless, it remains unclear if eosinophils are simply a
marker of disease severity and a reflection of low type 2
immune response, or if they contribute to cellular repair. In
contrast, eosinophils may have a mechanistic role in the
development and progression of ARDS. Markers of
eosinophil activation correlate with the severity of ARDS
and may play a role in lung tissue injury and fibrosis.
Further understanding of the mechanistic pathways by
which eosinophils are depleted in sepsis and by which
eosinophil activity is increased in ARDS is needed.
Identifying the appropriate endotypes and clinical
phenotypes of these patients may allow for appropriate
tailoring of available and future therapies.

Future directions
This review highlights the knowledge gaps, controversies,
and the lack of rigorous studies on eosinophils’ role in

sepsis and ARDS. This article highlights the hypothesis of
immune imbalance in sepsis and the potential role of

@ Springer

eosinophil infiltration and degranulation in the
pathogenesis of sepsis and ARDS. Since the use of
corticosteroids is also associated with eosinopenia, it is
important to identify, particularly in the context of the
current coronavirus disease pandemic-related acute lung
injury, if the association with outcomes are independent of
concomitant corticosteroid use. Future studies on the causal
relationships between eosinopenia, low type 2 immune
response, and poor outcomes in sepsis as well as increased
eosinophil activity and ARDS severity are needed.
Understanding these mechanisms may be the first step in
further tailoring the management of patients with sepsis
and ARDS.
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