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ABSTRACT

Glucocorticoid is still a mainstay therapy in numer-
ous diseases despite advances in novel chemotherapy
and biologic immunomodulators. Estimated preva-
lence of glucocorticoid exposure is 1% in the general
population. Glucocorticoid affect the immune system
through various pathways, rendering those exposed
to glucocorticoid immunocompromised. Studies have
found that even at lower doses and short-term pre-
scription, infection risk is increased in this population.
Pneumonia is one of the leading causes of infection
in the immunocompromised population, and based
on the latest ATS/IDSA workshop report regarding
immunocompromised-host pneumonia (ICHP), diag-
nosis and the etiologic workup differs compared to
the community acquired pneumonia in immunocom-
petent patients. Approach to admission to inpatient
care also differs due to the higher possibility of rapid

deterioration of initially stable patients. Empirical
treatment targets core respiratory pathogens but must
be followed up to an attempt to determine causative
pathogen according to clinical predisposition and im-
aging findings.
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ABSTRAK

Glukokortikoid tetap menjadi opsi pengobatan pent-
ing untuk berbagai penyakit, meskipun telah ada kem-
ajuan dalam kemoterapi dan terapi biologis. Sekitar
1% dari populasi umum diperkirakan terpapar glu-
kokortikoid, yang mempengaruhi sistem kekebalan
tubuh melalui berbagai jalur, sehingga meningkatkan
risiko infeksi. Secara khusus, penelitian menunjukkan
bahwa bahkan dosis rendah dan penggunaan jangka
pendek dapat meningkatkan risiko infeksi. Pneumo-
nia menjadi salah satu infeksi utama pada individu
dengan imunitas menurun. Pedoman terbaru dari ATS/
IDSA menekankan bahwa diagnosis dan pemeriksaan
etiologis pneumonia pada pasien dengan imunitas
menurun (ICHP) berbeda dari pneumonia yang dida-
pat di masyarakat pada pasien yang imunokompeten.
Keputusan untuk merawat inap pasien pada populasi
tersebut juga sangat bergantung pada keputusan klinis
karena memiliki risiko lebih tinggi untuk mengalami

perburukan kondisi dengan cepat walau datang den-
gan klinis stabil. Pengobatan empiris biasanya menar-
getkan patogen pernapasan umum, tetapi penting un-
tuk memperbaiki pendekatan ini berdasarkan temuan
klinis dan pencitraan untuk secara efektif mengiden-
tifikasi organisme penyebabnya.
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Introduction

Despite the increasing development of
steroid-sparing modalities, glucocorticoid is
still widely used as a first-line treatment for
multiple ailments for its anti-inflammatory
and immune-suppressing responses. Waljee
et al found 21.1% of 1,548,945 non-elderly
adults received at least one outpatient
prescription for short term use of oral
corticosteroid over a three-year period,
defined as receiving oral corticosteroid for
less than 30 days.! Indications for the
prescriptions  vary  including  upper
respiratory tract infections, spinal conditions,
and allergies.! For long term glucocorticoid
use, the prevalence is estimated to be 1% in
the general population and increases with
age and among women.”” Glucocorticoids
provide relatively immediate relief for the
symptoms associated with the disease, but
adverse effects can cause major health
concerns, such as infection due to its
immune-suppressing  qualities.  Patients
exposed to glucocorticoids were estimated to
have a 50 — 60% higher risk for infection.’
Long term use and cumulative dose of
glucocorticoids were also associated with
higher rate of infections such as pneumonia
and increased risk of mortality.*

Pneumonia itself accounts for 75% of
pulmonary complication amongst the
immunocompromised with the highest
burden of mortality, and is a long-recognized
problem not well elucidated until recently.’
With the development of novel biologic
agents and cancer treatments, the mounting
burden of immunocompromised host
pneumonia is inevitable. Approximately
20% of community acquired pneumonia
patients are immunocompromised.® A study
by Ramirez et al found corticosteroid therapy
accounted for 20% of the
immunocompromised patients, the third
highest after advanced stage cancer (53%)
and cancer chemotherapy (23%).” The
diagnosis of  pneumonia in the
immunocompromised host are challenging
due to atypical presentations and a wider
array of possible causative organisms, which
includes opportunistic pathogens, compared
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to their immunocompetent counterparts.’
Because of these challenges, The American
Thoracic Society has recently attempted to
bridge the knowledge gap in this population
by publishing a workshop report regarding
the matter formerly not addressed in the
2019 ATS/IDSA guideline for community
acquired pneumonia.®’ Given the complexity
of the diagnosis and management of this
condition, this article is aimed to review the
current evidence regarding the
immunosuppression and infection risk of
glucocorticoid use and immunocompromised
host pneumonia.

Effect of Glucocorticoid on the Immune
System

Glucocorticoids are steroid hormones that
play an important role in regulating cellular
functions such as cell metabolism, growth,
and differentiation.'’ Glucocorticoids are
widely used in the management of
inflammation, autoimmune diseases, and
cancer.'! Glucocorticoids have effects on
metabolic processes, energy regulation,
stress response, and immunity.10 The body
produces cortisol in the range of 5-30 mg per
day through regulation of the hypothalamic-
pituitary-adrenal axis.'” This hormone has a
receptor called the glucocorticoid receptor
(GR), which functions as an intracellular
nuclear receptor responsible for the specific

cellular and tissue effects of
glucocorticoids."' The effects of
glucocorticoid hormones also lead to

negative feedback on the HPA axis.'’ The
levels of glucocorticoid hormones are
influenced by circadian rhythm, with the
highest levels occurring around 9:00 AM and
the lowest levels during midnight."'

Glucocorticoids inhibit the immune system's
ability to recognize pathogens by disrupting
the expression of receptors such as Toll-like
receptors (TLRs), thus preventing an
adequate immune response.'”> This is
accompanied by the inhibition of post-
pathogen detection signaling, resulting in a
decrease in inflammatory mediators and
antimicrobial peptides (cathelicidin,
defensin, lysozyme) that play a role in innate



immunity. Glucocorticoids also inhibit the
recruitment of  leukocytes, especially
polymorphonuclear leukocytes (PMNs), and
their extravasation from vascular
endothelium.'>®  This leads to the
accumulation of cells in tissues, along with
the mobilization of immature PMNs and
inhibition of apoptosis, causing
neutrophilia.'”> However, their phagocytic
activity is hindered."> The antiphagocytic
effect is found at concentrations of 0.005-1
pg/ml, equivalent to plasma prednisolone
levels that may occur with long-term routine
use."?

Glucocorticoids also reduce the levels of
eosinophils and basophils, as well as inhibit
mast cell maturation and the production of
cytokines, chemokines, arachidonic acid
derivatives, and Fce receptor expression.'”
Furthermore, the expression of major
histocompatibility complex (MHC) class II
decreases, leading to impaired T-helper (Ty)
cell function, decreased production of IFN-y
and natural  killer (NK) cells.'*?
Glucocorticoids also have lympholytic
effects that vary depending on the type of
lymphocyte.'*"* They induce apoptosis in Ty
cells, particularly Ty; and cytotoxic T cells,
and suppress activation, proliferation, and
cytokine production, inhibiting T-cell-
mediated responses. This can be seen in
laboratorial exams as marked lymphopenia
involving all lymphocyte subpopulations,
including double positive T lymphocytes
(CD4+ and CD8+)."

Glucocorticoids inhibit cytokine production
by both Ty; and Ty, cells, thereby shifting
immunity from cellular Ty;-mediated to
humoral Tp-mediated responses.lz’13
Glucocorticoids also affect B cells, although
their impact is not as pronounced as on T
cells.'"” They disrupt immunoglobulin (Ig)
production,  particularly  IgG,  while
increasing IgE production. This places
patients on long-term glucocorticoid therapy
at risk of immunosuppression and
susceptible  to  infections,  including
opportunistic infections as defined by the
ATS. 12

Glucocorticoid-induced

Immunosuppression and Risk of Infection
Given the effect it has on the immune
system, glucocorticoid has long been
associated with increased risk of infection,
including opportunistic infections (OI).'?
Duration, dose, dan intensity  of
glucocorticoid and additional use of other
immunosuppressant agents have been linked
with  increased risk of infection.'?
Immunosuppressive dose of glucocorticoid is
considered to be 2 mg/kg daily (for patients
with body weight below 10 kg) or > 20 mg
daily equivalent to prednisone (PEQ) for >
14 days."* The ATS guideline considers
chronic use of glucocorticoid of 20 mg PEQ
for more than 2-4 weeks or lower doses (10
mg/d) for prolonged periods as a condition
of immunocompromise.

When it comes to duration, Waljee et al
found the absolute risk for hospital
admission due to sepsis during the five to 90
day period after initiation of short-term oral
glucocorticoid (less than 30 days) was 0.05%
(n = 170) compared to 0.02% in the non-
users with incidence rate ratio of 5.30 (CI
95% 3.8 — 7.41); the incidence rate is
significantly higher in patients with
respiratory conditions.! Study by Fardet et al
showed increased risk of infection in patients
prescribed systemic glucocorticoid for over
15 days.” For the dose of glucocorticoid,
most observational studies on rheumatoid
arthritis and other inflammatory polyarthritis
have shown the use of glucocorticoid of over
10 mg daily (PEQ) increase the risk of
infections.'*" In systemic lupus
erythematosus (SLE) patients with low
disease activity, Abe et al found patients
receiving glucocorticoid ranging from 5 —
7.5 mg PEQ, were at higher risk of infection
with HR 6.8 (CI 95% 2.17 — 21.27)
compared to those exposed to 0 — 2.5 mg
PEQ."” Furthermore, some studies have
found “low-dose” steroids may pose a hazard
for patients; a dose as low as < 5 mg daily
PEQ were associated with increased
hospitalized infections.>'® Widdifield et al
found elderly patients with rheumatoid
arthritis (RA) using less than 5 mg daily
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PEQ had an increased risk of serious
bacterial infection, with OR of 3.96 [95% CI
3.67, 4.27] and for those using >20 mg/day it
was 7.57 (95% CI 6.87, 8.34).'%"7

A population based cohort study by Fardet et
al found the most frequent infections are
lower respiratory tract infection and local
candidiasis, especially during the first weeks
of glucocorticoid exposure.” By the
mechanism of which it affects the immune
system, patients with chronic use of steroids
have an increased risk for opportunistic

infections including Pneumocystis
pneumonia, invasive pulmonary
aspergillosis, herpes =zoster (HZ), and

tuberculosis (TB), as well as typical causes
of  community acquired pneumonia
(CAP).6%13.18

Immunocompromised Host Pneumonia
Immunocompromised  host  pneumonia
(ICHP) is defined as an infectious
pneumonia in an individual with a
quantitative of functional defect in their
immune defense system.” The diagnosis
needs only a clinical suspicion of lung
infection with or without compatible clinical
signs and symptoms, but must have a
radiographic evidence of new or worsening
infiltrate.” Disruption of the immune defense
system should be present during infection, as
in severe sepsis, there may be a transient
decrease in the immune system, which does
not fall into the ICHP category.’ Patients
with malignancy but no longer have
immunodeficiency conditions, such as no
longer experiencing myelosuppression or no
longer using immunosuppressants, or
patients with solid organ malignancies
undergoing local therapy, are not included in
these criteria.” Furthermore, systemic
conditions with metabolic effects that can
affect the immune system are not considered
conditions of decreased immunity but are
comorbidities, such as diabetes mellitus and
chronic liver disease, as well as structural
lung disorders such as chronic lung disease,
bronchiectasis, and chronic obstructive
pulmonary disease (COPD).” Conditions
categorized as immunocompromise in the
report were cancer and hematopoietic cell
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transplant  recipients,  HIV,  chronic
immunosuppression and the use of novel
biologics, solid organ transplant, and inborn
errors of immunity.

A study by Ramirez et al. on patients
hospitalized for community-acquired
pneumonia in Louisville found that 10% of
patients had immunodeficiency.” Meanwhile,
Di Pasquale et al. found that 18% of patients
hospitalized for pneumonia had
immunodeficiency conditions."
Additionally, data from Wu et al.'s research
indicated that as many as 30% of patients
admitted to the ICU with pneumonia had
immunodeficiency conditions.* The
difference in prevalence suggests that
patients with decreased immunity are likely
to have worse clinical presentation and a

higher likelihood of ICU care.®® This
translates to higher mortality risk in
immunocompromised patients, with a

mortality rate of 26.1% at 7 days (vs. 13.1%
in immunocompetent patients) and an ICU
mortality rate of 49.6% (vs. 37.6% in
immunocompetent patients with p =
0.027).*° Meanwhile, a study by Ramirez et
al. showed mortality rates in patients with
decreased immunity vs. immunocompetent
patients of 9% vs. 5% during hospitalization,
24% vs. 11% at 30 days post-discharge, 44%
vs. 21% at 6 months, and 53% vs. 27% at 1
year.’

Diagnosis and Management of ICHP

The condition of immunocompromise lead to
an increased risk of pneumonia due to

typical organisms with more frequent,
severe, prolonged, or recurrent
manifestations compared to
immunocompetent individuals.’ This

weakened immune condition also increases
the risk of infection by uncommon or
opportunistic pathogens.’ However,
identifying the etiological microorganism
can be challenging. As mentioned before, the
diagnosis of ICHP starts with the suspicion
of pulmonary infection despite inconsistent
signs and symptoms. The mnemonic
DIRECT approach (Table 1) details the steps
that must be taken in approaching suspicions
of ICHP, established by Azoulay et al.”’



Table 1. DIRECT approach®'*

D. Delay: time since respiratory symptoms
onset, since antibiotic, antiviral, or
antifungal prophylaxis or treatment, since
transplantation, since the diagnosis of
malignancy or inflammatory disease

I. Immune deficiency: knowledge of the
nature of immune defects and ongoing
antibiotic,  antifungal, = or  antiviral
prophylaxis will give information about
missed opportunistic infections

R. Radiographic appearance: A chest
radiograph will not only report the extent
and the patterns of pulmonary infiltrates
(consolidation, air bronchogram, nodules,
interstitial pattern), but also presence and
importance of pleural effusion, mediastinal
mass, cardiomegaly, pericarditis, etc

E. Experience: the clinical experience of
the ICU team and specialist consultants
with this type of patients (treatment-related
toxicity, viral reactivation, atypical form of
diseases, graft-versus-host disease, cardiac
involvement, etc.)

C. Clinical picture: the presence of shock is
likely to be associated with bacterial

infection, but may be seen in
hemophagocytic lymphohistiocytosis,
toxoplasmosis, adenoviral infections,

HHV6 reactivations, or severe Sars-Cov-2
infection. Similarly, absence of fever or
presence of tumoral syndrome (liver,
spleen, and lymph nodes) will be
considered as a possible orientation

CT scan provides a better description of the
radiographic patterns and guides the need
for non-invasive or invasive diagnostic
tests strategy

Infectious causes in ICHP includes viral
infection  (cytomegalovirus,  respiratory
synctitial virus, adenovirus, parainfluenza
virus, SARS-COV-2, herpes simplex virus,
varicella zoster virus, human herpes 6 virus),
fungal (invasive pulmonary aspergillosis,
Pneumocystis  jirovecil, Cryptococcus
neoformans, and endemic mycosis), bacterial
(gram positive, gram negative, Nocardia,

mycobacteria), and protozoa or parasites
(toxoplasma, Strongyloides, Paragonimus,
geohelminths).®"*

CT-scan is a preferred method for diagnostic
imaging of ICHP compared to plain chest x-
ray.”? Some radiologic markers found in CT-
scan can help determine causative organism
in ICHP.** The preferred quality of the CT
Scan are slice thickness of < 1.5 mm of high
resolution to detect interstitial patterns, a
common pattern found in ICHP.** High
resolution CT-scan (HRCT) is considered
fundamental in diagnosis if the patient
presents with severe manifestation in the first
24 hours or failure to respond to adequate
antibiotic therapy after 72-96 hours, and high
suspicion of invasive fungal infections
(IF1).* Complete clinical context and
underlying disease, as well as temporal
relation to other risk factors must be put in
consideration when interpreting the HRCT
results; some non-infectious complications
due to treatments are also frequent in the
population.”  Non-infectious differential
diagnosis of respiratory failure in the
immunocompromised include radiation, drug
induced pulmonary toxicity, diffuse alveolar
hemorrhage, pulmonary edema, and lung
lesions cause by underlying diseases (e.g
leukemic infiltrates, lymphangitic
carcinomatosis, pulmonary vasculitis, graft
vs host disease, etc).” Radiographic
findings that commonly found in ICHP
varies, ranging from nodes and masses,
cavitation, ground glass attenuation,
consolidation, or opacities, budding tree
images, bronchial wall thickening, to pleural
effusions and spontaneous
pneumothorax.?"*

The ATS report on ICHP stated that the
diagnosis of ICHP does not require detection
of etiologic microorganism especially if no
other probable alternative non-infectious
diagnosis is present, but without foregoing
the attempt to identify causative organism.’
Therefore, adequate empirical management
is mandatory.” The principle of treatment is
that the core respiratory pathogens in the
immunocompromised patients are the same
as the immunocompetent, but attention
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should also be given beyond the core

pathogens commonly found in
immunocompromised patients and which
antimicrobial ~ therapy  is  available.®
Clinically, patients exposed to

glucocorticoids are predisposed to infections
by Pseudomonas aeruginosa, Pneumocystis
Jirovecii, Staphylococcus aureus,
mycobacteria, Aspergillus, cytomegalovirus,

varicella-zoster, herpes simplex,
Histoplasma  capsulatum,  Coccidioides,
Cryptococcus neoformans, Nocardia,

Legionella, and Strongyloides.® Moreover, it
is possible for the immunocompromised host
to have more than one viral, bacterial,
fungal, or parasitic agent.**

The decision for hospitalization require
clinical judgement and low threshold of
admission from clinicians because rapid
deterioration of initially stable patients is
possible.” Wider range of causative organism
might also require parenteral agents.” The
decision for outpatient management must be
followed by close monitoring.’
Microbiologic testing and bronchoalveolar
lavage decision is derived individually for
each case, putting into account local
common pathogen, availability of tests, and
the presence of risk factors of particular
pathogens.®

Conclusion

The presence of pneumonia in patients
exposed  glucocorticoid  must  alarm
physicians on the possibility of an
immunocompromised  host  pneumonia.
Despite the description of

immunosuppressive dose of glucocorticoid,
short term low dose steroid can also increase
the risk of infection in this population.
Approach to diagnosis must also include
pathogens other than common causative
microorganisms. Plain chest x-ray can help
identify involvement of extrapulmonary
tissues such as pleural effusion or
mediastinal mass, but CT-scan is a better
modality to help decide advanced diagnostic
approach. Microbiological examination is
based on availability of the test of specific
organisms and whether antimicrobial therapy

Indonesia Journal Chest | Vol.12 No.1 Jan-Juni 2025 m

is available. The threshold for inpatient
admission must be lower because atypical
symptoms and rapid deterioration is not
uncommon.
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