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Abstract

Pneumonia imposes a significant clinical burden on people with
immunocompromising conditions. Millions of individuals live
with compromised immunity because of cytotoxic cancer
treatments, biological therapies, organ transplants, inherited and
acquired immunodeficiencies, and other immune disorders.
Despite broad awareness among clinicians that these patients are
at increased risk for developing infectious pneumonia,
immunocompromised people are often excluded from
pneumonia clinical guidelines and treatment trials. The absence

of a widely accepted definition for immunocompromised host
pneumonia is a significant knowledge gap that hampers consistent
clinical care and research for infectious pneumonia in these
vulnerable populations. To address this gap, the American Thoracic
Society convened a workshop whose participants had expertise

in pulmonary disease, infectious diseases, immunology, genetics,
and laboratory medicine, with the goal of defining the entity of
immunocompromised host pneumonia and its diagnostic criteria.
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Overview

Pneumonia imposes a significant clinical
burden on people with immunocompromising
conditions because of cytotoxic treatments,
biological therapies, organ transplants,
inherited and acquired immunodeficiencies,
and other immune disorders. The absence
of a widely accepted definition for
immunocompromised host pneumonia
(ICHP) is a significant knowledge gap that
hampers consistent clinical care and
research for infectious pneumonia in these
vulnerable populations. To address this
gap, the ATS (American Thoracic Society)
convened a workshop whose participants
had expertise in pulmonary disease,
infectious diseases, immunology, genetics,
and laboratory medicine, with the goal of
defining the entity of ICHP and its
diagnostic criteria. Our conclusions include
the following:

e ICHP is defined as infectious
pneumonia that occurs in an individual
with a quantitative or functional host
immune defense disorder.

e The diagnostic criteria of ICHP include
clinical suspicion of a lung infection,
with or without compatible clinical signs
and symptoms, and with radiographic
evidence of a new or worsening
pulmonary infiltrate.

Introduction

Pneumonia is an important cause of
morbidity and mortality for all populations,
but it disproportionately impacts individuals
with impaired immunity to diverse
etiologies. In addition to patients undergoing
bone marrow-suppressive therapies to treat
malignancies, millions of individuals take
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immunosuppressants and targeted biologics
to control autoimmune and inflammatory
diseases (1). Nearly all solid organ transplant
(SOT) recipients require lifelong
immunosuppression to prevent allograft
rejection (2). In 2020, more than 37 million
people worldwide were living with human
immunodeficiency virus (HIV), with
1.5 million new HIV infections diagnosed
annually (3). Inherited immunodeficiencies,
although less common than treatment-
associated immune impairments, also
place patients at risk for infections.
Immunocompromised hosts (ICHs) can
develop pneumonia because of unusual
pathogens that are difficult to treat, as well as
common pathogens such as Streptococcus
preumoniae or severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) that
can lead to more severe outcomes (4-7).
Despite general recognition of
the burden of pneumonia in ICHs, the
entity ICHP remains poorly defined.
Community-acquired pneumonia (CAP)
treatment guidelines explicitly exclude
immunocompromised patients because
of the heterogeneity of the underlying
immunocompromising conditions,
challenges in diagnosis because of atypical
presentations, as well as the wide array of
opportunistic pathogens that confound
empiric treatment approaches (8). Only
recently has a treatment approach for CAP
in ICH been considered, acknowledging that
no consensus exists around who should be
considered immunocompromised (9).
Often ICHs are considered in broad terms
without acknowledgment of heterogeneity
and degree of immune impairment. To date,
no formally endorsed definition of ICHP
exists to guide clinical care or to inform the
design of interventional trials. The lack of a
uniform definition is a significant limitation
to consistent clinical care and standardized

identification of patients for targeted
interventional trials.

To address these challenges, an ATS
workshop was convened with the goal of
defining ICHP and developing diagnostic
criteria for this entity.

Workshop Format and Methods

Workshop participants were invited on the
basis of expertise in lung infections and
immunocompromised populations,
representing fields of pulmonary medicine,
laboratory medicine, infectious diseases,
immunology, genetics, and research
methodology. All participants were vetted for
conflicts of interest as per ATS policies.

To focus workshop discussions, two rounds
of a Delphi survey created by the co-chairs
(S.E.E, G.-S.C., and K.C.) were administered
electronically to all participants several
weeks before the live workshop (see data
supplement). These allowed the co-chairs to
characterize which topics elicited consensus
versus disagreement. Round one consisted
of 34 questions pertaining to the definition
of ICHP, including patient populations and
risk categories, diagnostic criteria involving
microbiology and radiology, and clinical
trial considerations. Participants responded
to each Delphi statement on a Likert scale
(strongly agree/agree/neutral/disagree/
strongly disagree), with consensus defined

as at least 70% agreement of participant
responses. A second set of Delphi statements
was generated on the basis of responses to
the first set, allowing for the refinement

of areas of consensus. Areas of strong
consensus were retained as initial elements of
the definitional statements, and areas of less
clear agreement were included in the live
workshop agenda for discussion by the entire
panel.
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The live workshop was conducted May
6-7, 2021, via a two-part videoconference.
The first day consisted of brief presentations
considering specific ICH populations to
conceptually frame the ICHP definition.
The second day focused on methods of
pathogen detection to derive a diagnostic
algorithm for ICHP. After the live workshop,
two follow-up videoconferences were held to
achieve consensus on proposed definitional
statements. These statements do not
constitute an evidence-based guideline but
rather an expert consensus. The summary of
the workshop presentations and consensus
statements are reported here.

Defining ICHP

To derive a definition of ICHP, we
considered the spectrum of
immunocompromised host populations.
Discussion centered around the shared
characteristics of the patient populations

that are conventionally considered
immunocompromised, which patients should
be considered in this rubric, and under what
clinical scenarios should ICHP be suspected.
Three key questions framed the discussion:
What is the defect in the host immune
defense? For what pathogens is the immune-
compromised population at increased risk? Is
there a quantifiable biomarker that correlates
with the degree of risk?

ICH Populations

Cancer and Hematopoietic Cell
Transplant (HCT) Recipients
In studies of vaccine efficacy and acute
respiratory failure (9-11), patients with cancer
are categorized together broadly, regardless of
malignancy type or disease stage. However,
whereas the morbidity and mortality of CAP
are elevated for cancer patients in general, the
incidence varies among types of malignancies
and treatment phase: patients with lung
cancer have a 21-fold increase in pneumonia
compared with a 1.7-fold increase in
those with breast cancer compared with the
general population (12). Patients with
myelodysplastic syndromes have a greater risk
of developing pneumonia after induction
chemotherapy than those with acute
leukemias, largely because of profound and
persistent cytopenias (13).

The most readily quantifiable immune
defect in clinical practice for patients with
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cancer and receiving HCT is neutropenia,
which occurs during different phases of
cytotoxic chemotherapy for different cancers.
Neutropenia is also intrinsic to marrow-
infiltrating disease processes such as
hematologic malignancies. The depth and
duration of neutropenia confer heterogeneous
degrees of vulnerability to infections in these
populations (14). The period of neutropenia
for most patients with solid tumors receiving
chemotherapy is brief, often less than 7 days.
Patients with acute leukemias and pre-
engraftment HCT recipients frequently have
more than 10 days of neutropenia, placing
them at substantial risk for ICHP. Profound
neutropenia may occur together with or
independent of lymphopenia, monocytopenia,
and hypogammaglobulinemia, which further
increase risk. These immune defects depend
on the mechanism of action for the cancer
treatments administered. Lymphopenia is also
prevalent in patients undergoing cytotoxic
cancer treatments. Although the use of
absolute lymphocyte count to stratify infection
risk is not well defined, it may be used to
guide the need for Pneumocystis pneumonia
(15) prophylaxis or indicate the likelihood of
viral pneumonia (16-19).

Novel cancer therapies, particularly
those that exploit intrinsic immune activity
against cancer cells, have introduced new
iatrogenic immune impairments. In patients
who receive chimeric antigen receptor
T-cell therapy, the initial neutropenia of
conditioning is brief, whereas off-tumor
hypogammaglobulinemia can be
chronic, increasing the risk for recurrent
sinopulmonary infections (20). Patients with
lymphoid malignancies (as well as
autoimmune diseases and other conditions)
receiving anti-CD20 therapies, such as
rituximab, have notably poor B-cell responses
to vaccination even more than 12 months
after receipt of therapy (21). Other
mechanisms of immune compromise in
patients with cancer include exposure to
corticosteroids and other immunosuppressive
therapy for the treatment of graft-versus-host
disease or checkpoint inhibitor pneumonitis.
Patients with cancer who recover their
neutrophil counts after cytotoxic therapy are
not considered at high risk for infections (14);
there may still be persistent leukocyte-
mediated defects from cumulative
myelosuppressive therapy, and the risk of
pneumonia often remains elevated because of
other conditions, such as epithelial barrier
disruption (i.e., mucositis), poor nutrition,
and structural lung disease (22).

HIV in the Era of Antiretroviral
Therapy (ART)

In 1997, the advent of ART transformed HIV
into a chronic disease and dramatically
reduced mortality from opportunistic
pulmonary infections such as Prneumocystis
pneumonia (23, 24). People with HIV
(PWH) (particularly those not on effective
ART) remain vulnerable to a variety of
opportunistic lung infections depending on
their CD4™ T-cell count (25).

The CD4 cell count is the most readily
quantifiable immune defect in PWH, with
the risk for many opportunistic infections
increasing sharply once the CD4 cell count
drops below 200 cells/microliter. The risk for
bacterial pneumonia also increases with a
decreasing CD4 cell count. However, even
patients on ART with well-controlled HIV
disease and a normal CD4 count have
significant impairments to the immune
system (26) and an increased risk of
nonopportunistic bacterial pneumonia by
organisms such as Streptococcus pneumoniae,
Hemophilus influenza, Staphylococcus aureus,
and Klebsiella pneumoniae (27). PWH with
CD4 counts above 500 cells/microliter have
a fivefold increased risk of S. pneumoniae
pneumonia and invasive pneumococcal
disease compared with the general
population (28, 29). In addition, the HIV
epidemic contributed to a significant
resurgence in global rates of Mycobacterium
tuberculosis infection, and PWH remain at
high risk for tuberculosis even with
appropriate ART and preserved CD4 cell
counts (30). Thus, although the CD4 cell
count is a recognized marker of
immunocompromise, a variety of other
immune defects, including quantitative and
qualitative B-cell abnormalities that result in
impaired pathogen-specific antibody
production, abnormalities in neutrophil
function or numbers, abnormalities in
alveolar macrophage function, and
alterations in mucociliary function and
soluble defense molecules in respiratory
secretions, also confer risk for lung infections
in PWH (31).

Chronic Inmunosuppression and
Novel Biologics

Chronic use of corticosteroids is perhaps the
most common cause of iatrogenic immune
suppression. Corticosteroids remain the first-
line therapy for a variety of autoimmune
diseases, inflammatory conditions, cancer,
SOT rejection, and graft-versus-host disease.
Mechanisms of immune suppression include
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the downregulation of proinflammatory
cytokines and chemokines and the
dampening of the function of multiple
immune cell types, notably macrophages and
T cells (32). This renders patients at
increased risk for a number of infections,
including Pneumocystis pneumonia, invasive
aspergillosis, as well as typical causes of

CAP (33-35), although this risk is dose-
dependent. Increased risk generally occurs
when exposed to at least 20 mg equivalent of
prednisone daily for more than 2-4 weeks
(36); lower doses (i.e., 10 mg/d) taken for
prolonged periods can also confer an
increased risk (5).

Persons taking novel biologics for
autoimmune and inflammatory diseases are
susceptible to pneumonia in a predictable
manner because of the impairment in both
the myeloid and T- and B-cell arms of the
immune response (37). Blockade of TNFa
(tumor necrosis factor-a), which regulates
macrophage and T-cell responses to
mycobacteria and granuloma formation,
increases susceptibility to tuberculosis (TB)
(38, 39) and less commonly, other
granulomatous infections, including endemic
fungal infections (40). The use of TNFa
blockers, including etanercept and
infliximab, is increasing (41); consequently,
TB cases reported with their use may be
increasing in endemic areas, even with latent
TB infection screening (42, 43). IL-6
(interleukin 6) inhibitors and targeted small
molecule inhibitors like JAK kinase
inhibitors have been associated with higher
TB risk (44-48). B-cell depletion agents and
T-cell costimulatory therapy (abatacept)
carry lower risk. Other cytokine blockers
(anti-IL-12/IL-23, anti-IL-23, and anti-IL-17)
also carry TB warnings, but an elevated TB risk
has not been demonstrated to date (49, 50).
However, an increased incidence of TB may be
anticipated as experience with novel agents
accumulates over time. Additional risk accrues
with the use of biologics in the setting of other
risk factors, including diabetes, cigarette
smoking, advanced age, and concomitant use
of other immunosuppressants (51).

SOT

With the increasing number of SOT
procedures performed around the world, the
transplant population at risk for pneumonia
continues to expand. The risk of pneumonia
is dynamic and depends on the time

elapsed from transplant and net state of
immunosuppression, which depends on the
nature of the induction and maintenance
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immunosuppressive regimen, underlying
comorbidities, and epidemiologic exposure
(52). As SOT recipients are typically on
multiple immunosuppressive agents
concurrently, they are at heightened risk for
pneumonia because of opportunistic
pathogens, as well as those typically identified
in immunocompetent hosts. SOT recipients
exhibit disproportionate defects in cellular
immunity, predisposing them to viral, fungal,
and mycobacterial pulmonary infections.
Lung transplant recipients are at the highest
risk for pneumonia among SOT recipients,
with high attributable mortality, especially in
the first year after transplant (53). Certain
respiratory pathogens, namely community-
acquired respiratory viruses, are associated
with an increased risk of lung allograft
dysfunction and chronic rejection (54).

Inborn Errors of Immunity

Primary immunodeficiencies (PIDs) comprise
a heterogeneous group of diseases caused by
inborn errors of immunity (IEI) or specific
genetic mutations that confer susceptibility to
infections, autoimmune diseases, allergies,
bone marrow failure, and malignancy (55).
Fungal pneumonia presenting in otherwise
apparently healthy individuals has led to the
discovery of single-gene IEI and insights into
mechanisms of host defense (56). Germline
variants of genes involved in the oxidative
burst in cytoskeleton/actin polymerization, in
cytokine signaling, in C-type lectin receptor
signaling, or other transcription factors
underlie the basis of many PID syndromes,
such as chronic granulomatous disease

(e.g., CYBB/gp91phox [X-linked] and
NCF1/p47phox [autosomal recessive, AR]),
Wiskott-Aldrich syndrome (WAS/WASP [X-
linked]), hyper-IgE syndrome (e.g., IL6ST/
gp130 [autosomal recessive (AR) or
autosomal dominant (AD)], IL6R/IL-6R
[AR], STAT3/STAT3 [AD]), to name a few
(57). These loss- or gain-of-function gene
variants lead to impaired immune cell
function and/or lung epithelial cell function,
predisposing individuals to severe viral,
bacterial, disseminated mycobacterial, and
fungal infections. In addition, acquired
anticytokine autoantibodies are an important
and expanding set of PID mimics that are
directed against such targets as IFN'y
(interferon vy) (mycobacterial susceptibility),
IFN« (severe coronavirus disease
[COVID-19] susceptibility), and GM-CSF
(granulocyte-macrophage colony-stimulating
factor) (cryptococcal and Nocardia
susceptibility) (58, 59).

Summary

There was broad consensus that an ICH is an
individual with a quantitative or functional
immune disorder, and therefore the ICHP
definition should be anchored on the host
with an identifiable immune defect. The
panel acknowledged that the clinical
characterization of the host response and its
functional impairment is limited to imprecise
indices (e.g., leukocyte count and exposure to
immunosuppressive medications). A
quantifiable immune defect may be feasible
for some conditions, such as HIV, in which
immune status is at least partially reflected by
the CD4 cell count. However, extrapolation
of these markers to other disease conditions
is not necessarily warranted, accurate, or
predictive. Some individuals may lack a
quantifiable immune defect by currently
available laboratory assays and yet have
functional immunocompromise, such as
those on chronic corticosteroids or those
with chronic granulomatous disease. Other
individuals, such as recipients of SOT and
HCT, are exposed to various immune-
suppressive and immune-modulating agents
that cause varying and overlapping effects on
the innate, cellular, and humoral arms of the
immune system that change over time (60).
A method to measure the net state of
immunosuppression, as proposed for SOT
(61), should be investigated and validated for
other ICH populations. Available indirect
markers of the immune state can include
serum drug concentrations, circulating
numbers of immune cells (CD3, CD4, CDS,
and natural killer), soluble markers (Ig, C3,
MLB, and sCD30), and markers of T-cell
function. In the absence of unique
biomarkers, the risk of pneumonia in ICH is
best gauged using a multifactorial approach
that considers various immune and clinical
factors in a dynamic fashion (62).
Considering all of these elements, the panel
endorsed the following statements.

Consensus Definition

ICHP is an infectious pneumonia that occurs
in an individual with a quantitative or
functional host immune defense disorder.

o Clarifying Statement 1: The host
immune defense disorder is a systemic
process that results in the impairment of
pathogen detection, killing, and/or
clearance. Thus, the definition of ICHP
is on the basis of the host rather than the

AnnalsATS Volume 20 Number 3 | March 2023
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Table 1. Types of systemic host defense defects and suggested evaluation

Defect

Innate immunity

epithelium
Cellular immunity

Humoral immunity

Antibody deficiency

Deficiency or dysfunction of innate immune cells:
macrophages, monocytes, dendritic cells,
neutrophils, NK cells, complement, pulmonary

T-cell deficiency or dysfunction

B-cell deficiency or dysfunction

Type of Defect

cytometry

Potential Evaluation

CBC with differential, HIV testing, and peripheral blood flow

Consider genetic screening for primary immunodeficiencies

and anticytokine autoantibodies (76)

CBC with differential, peripheral blood smear, HIV testing,

bone marrow biopsy if testing suggestive of malignancy
or lineage failure, peripheral blood flow cytometry,
immunoglobulin concentrations
Immunosuppressive drug concentrations (if applicable)
Consider genetic screening for primary immunodeficiencies
and anticytokine autoantibodies

CBC with differential, HIV testing, peripheral blood flow

cytometry, immunoglobulin concentrations with antibody
concentrations after vaccination
Immunosuppressive drug concentrations (if applicable)
Consider genetic screening for primary immunodeficiencies
Immunoglobulin panel

Definition of abbreviations: CBC = complete blood count; HIV =human immunodeficiency virus; NK = natural Killer.

identification of a pathogen. Host
immune defense disorders encompass
innate, cellular, and humoral immune
mechanisms (Table 1).

o Clarifying Statement 2: The host immune
defense disorder is present at the time of
infection. Transient impairment of
immune function, as may occur in the
setting of severe sepsis, is not sufficient
for the patient to be considered inherently
immunocompromised. Patients who have
a history of immunocompromising
conditions that have resolved should
not be considered ICHs. For example,
patients with cancer without
ongoing leukopenia, lymphopenia,
immunoglobulin defects, or recent use of
immunosuppressive medications are no
longer immunocompromised. This
includes patients with solid malignancies
who have only received local therapy,
such as surgical resection or organ-
specific radiation therapy.

o Clarifying Statement 3: Systemic
conditions with known metabolic effects
on immune function should be
considered comorbidities but not
immunocompromise-defining condi-
tions. These conditions include diabetes
and chronic liver dysfunction. Persons
of advanced age, although at increased
risk for pneumonia, would not be
considered ICH under the proposed
definition, as increased susceptibility to
pneumonia is not synonymous with
immunocompromise.

o Clarifying Statement 4: Mechanical and
structural lung diseases that increase
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the risk for pneumonia are not included
in this definition of ICHP. These include
conditions leading to recurrent
aspiration, large airway obstruction,
nonsystemic causes of bronchiectasis,
chronic obstructive pulmonary disease,
or other chronic lung diseases. Although
these conditions add additional risk for
pneumonia, they are not systemic
immune defects.

Clarifying Statement 5: The host
immune defense disorder increases the
individual’s risk for more frequent or
severe disease caused by common
community pathogens. This statement
acknowledges that CAP in ICHs

with typical organisms, such as

S. pneumoniae, can present with more
frequent, severe, prolonged, or recurrent
manifestations compared with
immunocompetent persons.

Clarifying Statement 6: The host
immune defense disorder increases the
risk of pneumonia because of
uncommon or opportunistic pathogens.
ICHs are susceptible to a broader range
of lung infections than the general
population.

Clarifying Statement 7: An ICH with
pneumonia warrants consideration of
additional diagnostic and/or alternative
therapeutic strategies beyond those
recommended in pneumonia guidelines
targeting the general patient population.
Opportunistic and multiorganism
infections can occur with a host immune
defense disorder; hence, pursuing the
identification of a specific etiology is

important while considering empiric
coverage for patients who are ICHs on the
basis of the underlying immune
impairment.

Defining Diagnostic Criteria
of ICHP

The definition of ICHP is predicated on a
clinical diagnosis of pneumonia and host
factors rather than on infectious etiology.
However, pathogen identification is central
to the appropriate management of ICHP.
Just as we acknowledge that the definition of
ICHP is limited by a lack of universally
reportable markers of host immune
dysfunction, diagnostic criteria for ICHP are
complicated by limitations in diagnostic
tools. The second part of the workshop
focused on diagnostic criteria for ICHP.

A discussion of recent guidelines, the clinical
diagnosis, and currently available diagnostic
technologies for pathogen identification is
followed by a proposed diagnostic algorithm
and clarifying statements.

Current Diagnostic Approaches

Clinical Diagnosis of Pneumonia:
Lessons Learned from Hospital-
acquired Pneumonia (HAP)/Ventilator-
associated Pneumonia (VAP) and
CAP Guidelines

The panel that wrote the 2016 HAP/VAP
(63, 64) and 2019 CAP (8) guidelines
previously encountered challenges that
informed our current approach to
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Table 2. Available diagnostic tests from bronchoalveolar lavage specimens for the
evaluation of immunocompromised host pneumonia

Laboratory

Microbiology

Test(s)

Volume Required (ml)

Bacterial PCR, culture, and sensitivities 10

Legionella culture and PCR
AFB smear and mycobacterial culture

and NAAT

Fungal PCR, smear, and culture
Pneumocystis stains and PCR
Aspergillus galactomannan assay

B—D-glucan assay

Virology Respiratory viral PCR

CMV rapid culture and/or PCR

HHV-6 PCR

VZV and HSV PCR
Cytopathology
Hematology

CD4/CD8 ratio

When malignancy is suspected
Cell count and differential

3-5
3-5

Flow cytometry if hematologic
malignancy is suspected

Pathology Pathogen review

3-5

Staining for microorganisms
Tests for noninfectious etiologies
(i.e., PAS stain for PAP)

Definition of abbreviations: AFB = acid-fast bacilli; CMV = cytomegalovirus; HHV =human
herpes virus; HSV = herpes simplex virus; NAAT = nucleic acid amplification test;
PAP = pulmonary alveolar proteinosis; PAS = periodic acid-Schiff; PCR = polymerase chain

reaction; VZV = varicella zoster virus.

Appropriate test selection will be dictated by the clinical scenario and clinical suspicion for
opportunistic microorganisms and noninfectious diagnoses.

formulating recommendations for the
diagnosis of ICHP. All three clinical entities
share similarities: an extensive subject
matter, a heterogeneous patient population,
and a relative paucity of high-quality
evidence. The HAP/VAP and CAP guideline
panelists believed that the previously
accepted clinical definition of pneumonia,
which requires compatible clinical signs and
symptoms with radiographic evidence of a
new or worsening pulmonary infiltrate,
although clearly not 100% sensitive or
specific, was clinically useful at the bedside
and generally accepted. In other words, any
diagnostic criteria or definitions that rely on
test results that are not available at the time
of initial clinical decision-making will have
limited use for clinical care. We, therefore,
used this framework as the basis to define the
clinical diagnosis of pneumonia in ICH
patients, as detailed below, recognizing that
this population may lack typical clinical signs
such as fever or leukocytosis.

Culture-dependent Pathogen
Identification in ICHP

Microbial growth-based methods are specific
for the detection of most clinically
encountered pathogens, although sensitivity
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varies depending on the clinical scenario.
Identification of a bacterial pathogen with an
antimicrobial susceptibility pattern can be
established when there is microbial growth.
Nonetheless, several significant problems
with culture-based approaches remain.
Reporting is slow, necessitating the frequent
use of empiric antimicrobials in ICHP. Mold
infections present a particular challenge in
patients who are ICHs when diagnostic
confirmation is necessary to optimize
therapy and avoid toxicities of empiric
antifungals. Unfortunately, mold growth
rates are slow, and our ability to recover
molds, such as Aspergillus spp., Scedosporium
spp., and various mucormycetes, is less than
10% (65-67). Demand for bronchoalveolar
lavage (BAL) specimens is increasing, in
part because of the introduction of new
diagnostic assays (Table 2), which imposes
an additional burden, risk for the patient,
and additional time to acquire data.

Culture-independent Pathogen
Identification in ICHP

The past decade has seen rapid growth in
culture-independent diagnostics for
respiratory pathogens. These include the
ubiquitous reverse transcription-quantitative

polymerase chain reaction (qQPCR) testing for
SARS-CoV-2, broad multiplex panels for
upper and lower respiratory tract specimens,
and plasma cell-free DNA for lower
respiratory tract specimens. Although not
technically molecular tests, enzyme
immunoassay antigen tests for Legionella
pneumophilia and endemic fungi are culture-
independent assays that can be performed on
urine or BAL samples. These tests offer faster
turnaround times and greater sensitivity
than respiratory cultures. Their use has
demonstrated the broad array of pathogens
that cause ICHP, including Pneumocystis,

as well as the lack of respiratory virus
seasonality (68) and long-term shedding of
viral nucleic acids often seen in ICHs (69).
Before the COVID-19 pandemic, new lower
respiratory tract multiplex panels offered
broad testing of over 24 targets with less than
a 90-minute turnaround together with
quantitation of the detected pathogens (70);
COVID-19 has further accelerated the
availability of high-throughput molecular
diagnostics. These panels, unsurprisingly,
often detect more pathogens than typical
culture-based approaches (71). However,
these tools lack coverage for fungi,
cytomegalovirus, and several important
bacterial pathogens in ICH, such as
Nocardia, Actinomyces, and
Stenotrophomonas (72).

Metagenomics and Future
Approaches to ICHP

The existing clinical definition of pneumonia
is syndromic and lacks specificity. A
promising diagnostic strategy for identifying
pathogens in ICHP is the incorporation of
metagenomic and metatranscriptomic
techniques, in which DNA or RNA from
respiratory specimens is extracted, sequenced
(with or without PCR amplification),
classified, and interpreted. This approach has
the advantage of being taxonomically
agnostic: capable of identifying pathogens
independent of their phylogeny (bacterial,
fungal, viral, and protozoal). Rapid detection
of resistance genes could inform
antimicrobial agent selection faster than
culture-based resistance testing. Recent
advances in nanopore sequencing have made
real-time, on-demand sequencing possible,
and early proof-of-principle studies have
demonstrated its potential to identify
respiratory pathogens within hours of
sampling (73, 74). Furthermore, real-time
metatranscriptomics could provide

clinicians with a rich, high-dimensional
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Table 3. Opportunistic pathogens in the lung that should prompt consideration of a host immune defect (if not already known to
be an immunocompromised host)

Bacteria

Viruses

Fungi (97, 98)

Organism or Clinical Scenario

Recurrent pneumonia or
recurrent infections with
encapsulated organisms (ex:
Streptococcus pneumoniae,
Haemophilus influenza, and
Neisseria meningitidis)
(77-80)

Pneumococcal pneumonia and
invasive pneumococcal
disease (e.g., bacteremia and
meningitis)

Mpycobacterium tuberculosis
(active TB disease and latent
TB infection) (81, 82)

Disseminated NTM (83)

Pulmonary NTM

Nocardia (84)

Legionella (85)

Herpes simplex virus (86)
CMV (87)

Human herpesvirus-6 (88, 89)

VZV (90)

Community-acquired respiratory
viruses (10, 91-96)

Invasive pulmonary
aspergillosis (99)

Type of Defect

Humoral immunity
(B-cell-mediated/antibody
deficiency)

Innate immunity (complement
deficiency, signaling defect)

Humoral immunity

Cellular immunity

Cellular immunity

Innate immunity (pulmonary
epithelial function)

Innate immunity (macrophage and
neutrophil dysfunction)

Cellular immunity

Cellular immunity

Cellular immunity
Cellular immunity

Cellular immunity

Cellular immunity

Cellular immunity

Humoral immunity

Innate immune defects

(neutropenia and phagocyte
defects)

Typical Host/Comments

Splenectomy/asplenia, CVID,
CLL, multiple myeloma,
hypogammaglobulinemia, SOT,
complement deficiency, IRAK4/MyD88
deficiencies, NEMO deficiency, STAT3
deficiency, IL6ST deficiency

Recurrent pneumonia is defined by two
or more episodes within a 1-yr period
and should be considered an AIDS-
defining condition. HIV testing should
be pursued if the status is unknown

IRAK4/MyD88 deficiencies, NEMO
deficiency, SOT

Consider HIV testing with pneumococcal
pneumonia and IPD

Absolute and functional leukopenia, as
well as cytokine signaling defects, SOT

CDC recommends HIV screening for all
patients with TB disease and LTBI

Hairy cell leukemia, acute leukemia, T-cell
lymphoma, advanced HIV infection with
CD4 generally <100 cells/pl, GATA2
deficiency, cytokine signaling defects,
anti-IFNy autoantibodies

Bronchiectasis, including cystic fibrosis
and other forms of ciliary dyskinesia

Chronic granulomatous disease, MDS,
AML, neutropenia, pulmonary alveolar
proteinosis, anti—-GM-CSF
autoantibodies, high-dose systemic
corticosteroid use, SOT

HIV, SOT, hairy cell leukemia, and
systemic corticosteroid use

CLL, SOT, IEI/PID

SOT and HCT, as well as advanced HIV
disease (CD4 < 100 cells/ul)

Respiratory infections because of CMV
are rare in immunocompetent hosts

HCT, associated with idiopathic
pneumonia syndrome

SOT. Although rare, cutaneous,
oropharyngeal, or esophageal VZV can
disseminate to the lungs

HCT, SOT, hematologic malignancies,
corticosteroids, lung transplant, inborn
errors of type | IFN immunity or
autoantibodies to them

The risk of mortality with lower tract
disease is greatest with influenza,
parainfluenza, respiratory syncytial
virus, human metapneumovirus,
adenovirus, and SARS-CoV-2

Antibody responses to vaccinations may
be weak

Neutropenia, chronic granulomatous
disease, SOT, STAT3 deficiency,
IL6ST deficiency, cytokine signaling
defects, high dose systemic
corticosteroid use
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Table 3. (Continued)

Organism or Clinical Scenario

Mucor (Rhizopus spp., Mucor

spp., Lichtheimia spp.,
Cunninghamella,
Rhizomucor, and
Apophysomyces spp.)

Cryptococcus neoformans

Pneumocystis jirovecii
(100, 101)

Histoplasmosis

Coccidioidomycosis

Parasites (102) Strongyloides stercoralis

Toxoplasma gondii

Type of Defect

Innate immunity (neutrophil and
macrophage dysfunction)

Cellular immunity

Cellular immunity
Humoral Immunity

Cellular immunity

Cellular immunity

Cellular immunity

Cellular immunity

Typical Host/Comments

MDS, AML, neutropenia, diabetes
mellitus, SOT

Hairy cell leukemia, acute leukemia,
T-cell ymphoma, SOT, STAT3
deficiency, HIV disease with
CD4 <200

Hairy cell leukemia, acute leukemia,
T-cell lymphoma, severe combined
immunodeficiency, cytokine signaling
defects, SOT, and other causes of
lymphopenia, including HIV disease
with CD4 < 200

SOT, cytokine signaling defects, STAT3
deficiency, STAT1 gain-of-function

mutations, and HIV disease with
CD4 < 100-200

SOT, cytokine signaling defects, STAT3
deficiency, STAT1 gain-of-function
mutations, and HIV disease (typically
with CD4 < 250)

HTLV-1 infection, HIV, SOT,
hypogammaglobulinemia, and
corticosteroid use

Hairy cell leukemia, SOT, acute
leukemia, T-cell lymphoma, and HIV
disease with CD4 <100

Definition of abbreviations: AIDS = acquired immunodeficiency syndrome; AML = acute myelogenous leukemia; CDC = Centers for Disease
Control and Prevention; CLL = chronic lymphoblastic leukemia; CMV = cytomegalovirus; CVID = common variable immunodeficiency;

GATA2 = GATA-binding protein 2; GM-CSF = granulocyte-macrophage colony-stimulating factor; HCT = hematopoietic cell transplant;

HIV = human immunodeficiency virus; HTLV-1=human T-lymphotropic virus-1; |IEl = inborn errors of immunity; IFN = interferon; IL6ST = interleukin
6 cytokine family signal transducer; IPD =invasive pneumococcal disease; IRAK4 = interleukin-1 receptor-associated kinase 4; LTBI = latent
tuberculosis infection; MDS = myelodysplastic syndrome; MyD88 = myeloid differentiation primary response 88; NEMO = nuclear factor-kappa B
essential modulator; NTM = nontuberculous mycobacteria; PID = primary immunodeficiency; SARS-CoV-2 = severe acute respiratory syndrome
coronavirus 2; SOT = solid organ transplant; STAT = signal transducer and activator of transcription; TB = tuberculosis; VZV = varicella zoster virus.

characterization of the host response and

its impairments. However, the clinical
implementation may be challenging because
of detection characteristics, bioinformatics
requirements, and reimbursement issues
(75). Moreover, the increased sensitivity of
sequencing-based techniques has blurred the
distinctions between pathogens, colonizers,
commensals, and contaminants, as the
detection of typical pathogens in respiratory
specimens does not necessarily imply acute
infection.

Culture-based approaches to microbial
identification are often too slow and
insensitive to inform timely targeted
antimicrobial therapy, necessitating the use
of empiric treatment regimens. PCR-based
methods are faster, but these require a
predefined target for identification; even a
broad multiplex panel cannot encompass the
wide breadth of pathogens in ICHP.
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Metagenomics may represent the next
frontier for understanding pathogen-host
interactions, but the clinical application
requires further research. With these
limitations in mind, the panel developed a
clinically practical diagnostic algorithm for
ICHP, which accounts for the diversity of
clinical presentations and a broad differential
of pathogens because of underlying
mechanisms of impaired host response and
currently available diagnostic modalities.

Consensus Statement
The diagnosis of ICHP requires clinical
suspicion of a lung infection, with or without
compatible clinical signs and symptoms, and
with radiographic evidence of a new or
worsening pulmonary infiltrate.

Because of the numerous potential
host defects and pathogens that can present as
ICHP, the panel determined that the formal

diagnostic criteria for ICHP would be best
presented as an algorithm. As presented in
Figure 1, in a host with a know immune
defect, the diagnosis of ICHP is further
determined by compatible clinical
presentation, possible pathogen identification,
and the exclusion of competing causes of the
clinical, microbiologic, and radiographic
manifestations. Figure 2 presents an alternate
diagnostic algorithm for ICHP addressing
patients without previously known immune
defects who present with evidence of
pneumonia caused by an unusual or
opportunistic pathogen, raising the possibility
of ICHP.

o Clarifying statement 1: Clinical
presentations of pneumonia are often
atypical in ICHs; therefore, signs and
symptoms of pneumonia are not required.
However, there should be radiographic
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HOST WITH KNOWN IMMUNE DEFECT
pneumonia

| |

Clinical
signs/symptoms
of pneumonia?

New or
worsening

’
I NoICH Pneumonia
\ infiltrate?

YES
YES YES

Evaluation
identifies
an alternate
cause?

Detection of
alikely
pathogen

Detection of
alikely
pathogen

YES YES

\ \

C ICH Pneumonia )

Figure 1. Diagnostic criteria and algorithm for pneumonia in a host with a known immune defect. Clinical signs and symptoms include fever,
cough, sputum production, as well as hypoxemia, which should prompt evaluation with chest imaging. In the immunocompromised host, lung
infiltrates may not be evident by chest X-ray and may require a computed tomography scan for detection. It should be noted that
immunocompromised hosts may have concurrent and multiple infectious and noninfectious etiologies of lung infiltrates (e.g., viral pneumonia,
invasive aspergillosis, and congestive heart failure). ICH = immunocompromised hosts.

evidence of a lower respiratory tract
infection for a diagnosis of ICHP. Classic
signs and symptoms compatible with lung
infection include new onset cough, fever,
leukocytosis, hypoxemia, shortness of
breath, pleuritic chest pain, and bronchial
breath sounds. These signs and symptoms
are not always present in ICHs, even when
radiographic opacities suggestive of
pneumonia are present. For example,
invasive pulmonary aspergillosis in an
HCT recipient on corticosteroids for
graft-versus-host disease may present
asymptomatically, with lung disease
detected incidentally on chest computed
tomography. Conversely, there may be
high clinical suspicion for pneumonia in
an ICH individual with compatible
symptoms but a paucity of findings on
routine chest X-rays. This should prompt
additional evaluation with a chest
computed tomography scan. Given
multiple nonpulmonary causes of
infection and inflammation in the ICH,
findings consistent with an infection on

American Thoracic Society Documents

imaging must be present for ICHP
diagnosis.

Clarifying Statement 2: Although
radiographic abnormalities are required
for a diagnosis of infectious pneumonia,
not all radiographic findings represent
infection. ICH populations are also at risk
for a variety of noninfectious pulmonary
conditions, which need to be distinguished
from infectious pneumonia. For example,
the differential diagnosis of lung nodules
in a patient with rheumatoid arthritis on
etanercept includes rheumatoid nodules
and malignancy as well as TB and
endemic fungal disease.

Clarifying Statement 3: Diagnosis of
ICHP does not require detection of a
causative microorganism, particularly

if no compatible alternative noninfectious
diagnosis is present. Timely identification
of an etiology in ICHP is not always
feasible but should not delay empiric
therapy if prompt treatment is dictated
by the clinical situation. Although there
was broad consensus that the diagnosis of

ICHP does not require the detection of a
causative microorganism, concerted
efforts should be made to identify a
specific pathogen through available
culture-dependent and -independent
methods given the broad differential in
ICHP and implications for treatment.
This will often involve bronchoscopy
with BAL and/or transbronchial biopsies
to evaluate for typical and opportunistic
pathogens, as well as alternative
noninfectious diagnoses (Table 2).

o Clarifying statement 4: Identification of

an opportunistic organism in the lungs
should prompt evaluation for an
underlying host immune defect (Figure 2
and Table 3). Detection of an unusual
pathogen in an apparently normal host
may be indicative of an underlying
immune defect. Examples include the
case of invasive aspergillosis without
apparent risk factors, which may prompt
investigation into PID because of inborn
errors of immunity. Pneumocystis
pneumonia in an individual without
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HOST WITHOUT KNOWN IMMUNE DEFECT
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Figure 2. Diagnostic criteria and algorithm for pneumonia in a host without a known immune
defect. In this scenario, an opportunistic pathogen is detected in a patient with radiographic
infiltrates. Underlying immunocompromise may also be suspected with an unusual
radiographic presentation that suggests an opportunistic infection (e.g., cystic lesions as a
presentation of Pneumocystis pneumonia). ICH =immunocompromised hosts.

iatrogenic immunosuppression should
prompt investigation of HIV infection or
PID. If an immune defect is found in the
setting of such pneumonia, then ICHP is
diagnosed.

Conclusions

The use of the proposed definition of ICHP
and diagnostic algorithms is twofold: first, to
provide a conceptual framework for clinicians
to recognize and diagnose pneumonia in
ICHs; second, to provide consistent criteria
for the inclusion of ICH in clinical studies and
interventional trials. By consensus, we anchor
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the definition of ICHP on the presence of a
host immune defense disorder that precedes
infectious pneumonia. The definitions of ICH
and ICHP will evolve with a further
understanding of immunity. We have
highlighted the need to identify additional
quantifiable biomarkers and composite
indices of immune impairment that more
accurately reflect an individual’s state of
immunocompromise. Immunophenotyping
of ICH populations and correlation with
disease presentations and pathogen burden
would allow for ICHP risk stratification that
could be translated to the clinic. The
development of more sensitive techniques in
pathogen detection, such as metagenomics,

alongside clinical immunophenotyping, will
improve diagnostic and therapeutic
approaches and aid the refinement of our
understanding of ICHP. ICHs are a
vulnerable and underserved population
whose care will benefit from clearer
definitions and further investigations. ll
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