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Glucocorticoids are widespread anti-inflammatory medications used in medical practice. The immunosuppressive effects of 
systemic glucocorticoids and increased susceptibility to infections are widely appreciated. However, the dose-dependent model 
frequently used may not accurately predict the risk of infection in all patients treated with long-term glucocorticoids. In this 
review, we examine the risks of opportunistic infections (OIs) in patients requiring glucocorticoid therapy by evaluating the 
influence of the glucocorticoid dose, duration, and potency, combined with biological and host clinical factors and concomitant 
immunosuppressive therapy. We propose strategies to prevent OIs, which involve screening, antimicrobial prophylaxis, and 
immunizations. While this review focuses on patients with autoimmune, inflammatory, or neoplastic diseases, the 
potential risks and preventative strategies are likely applicable to other populations. Clinicians should actively assess the 
benefit–harm ratios of systemic glucocorticoids and implement preventive efforts to decrease their associated infections 
complications. 
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PRESENTATION OF A BRIEF CASE 

A man in his early 70’s with a 6-month history of peripheral 
ulcerative keratitis treated with adalimumab, methotrexate, 
and a 10-week prednisone taper starting at 80 mg once daily 
was hospitalized with acute hypoxic respiratory failure due 
to Pneumocystis jirovecii pneumonia (PJP) and successfully 
treated with 21 days of trimethoprim/sulfamethoxazole 
(TMP/SMX). 

WHAT IS THE PURPOSE OF THIS CLINICAL REVIEW? 

What factor(s) predisposed this patient to develop Pneumocystis 
jirovecii pneumonia? 

Glucocorticoids provide potent anti-inflammatory effects to 
manage numerous inflammatory and immune-mediated dis-
eases. The prevalence of systemic glucocorticoid use ranges 
from 0.5% to 17%, highest among older people, depending 
on the study location, time frame, and population [1, 2]. 

Despite their established efficacy, glucocorticoids pose signifi-
cant risks, including osteoporosis, adrenal suppression, hyper-
glycemia, and various immunologic effects [3]. 

The immunosuppressive effects of glucocorticoids and 
increased susceptibility to infections are widely appreciated. 
While this association is frequently linked to the dose, duration, 
and intensity, the dose-dependent model often used may not ac-
curately predict the risk of infection in all patients treated with 
long-term glucocorticoids. This review examines the quantita-
tive and qualitative immunosuppressive effects of long-term 
glucocorticoids and other factors to elucidate the individualized 
risk of opportunistic infections (OIs). Additionally, recommen-
dations are provided to prevent acute infections or reactivation 
of OIs in patients requiring long-term glucocorticoids. 

WHAT ARE THE IMMUNOLOGIC EFFECTS OF 
GLUCOCORTICOIDS? 

The immunologic effects of glucocorticoids, thought to be 
due to genomic regulation, are manifold, affecting immune 
cell survival, activity, and inflammatory cytokines (Table 1). 
Glucocorticoids bind to the glucocorticoid receptor and exert 
genomic effects by (1) direct binding to glucocorticoid re-
sponse elements (GREs) to enhance gene expression or inhibit 
gene transcription, (2) interacting with transcription factors 
without binding to DNA (protein–protein interactions known 
as “tethering"), and (3) composite GRE binding to DNA 
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sequences containing both GREs and a response element for a 
transcription factor [4]. 

Pathogenic infections activate innate and adaptive immunity 
to elicit an inflammatory response. Activation of the 
hypothalamic-pituitary-adrenal axis following infection leads 
to the secretion of endogenous glucocorticoids to prevent an 
imbalanced or overwhelming immune response [5]. While 
these anti-inflammatory properties may benefit ongoing in-
flammation (pneumococcal meningitis), excessive endogenous 
or exogenous glucocorticoid exposure can lead to immunosup-
pression [6]. 

Glucocorticoids impair the expression of pattern recognition 
receptors (PRRs; eg, Toll-like receptors [TLRs]), which com-
promises the ability to detect specific pathogen-associated mo-
lecular patterns (PAMPs) and initiate an effective immunologic 
response [4]. The inflammatory signaling that follows pathogen 
detection is blunted by glucocorticoids, leading to decreased 
production of inflammatory mediators (Figure 1) [7–9]. 
Glucocorticoids can also reduce the production of 

antimicrobial polypeptides (eg, cathelicidins, defensins, lyso-
zyme), an essential component of innate immunity [10]. As a 
result, glucocorticoids reduce the recruitment and activation 
of immune cells at the infection site and dampen the inflamma-
tory response required for pathogen elimination. Alternatively, 
conflicting data suggest that glucocorticoids may enhance in-
flammation and immunity by upregulating innate immunity 
(stimulation of PRRs, cytokine receptors, and complement fac-
tors) while suppressing adaptive immunity (impaired T-cell ac-
tivation) [4]. 

Glucocorticoids impair the inflammatory response by inhib-
iting leukocyte recruitment, particularly polymorphonuclear 
leukocytes (PMNs), and extravasation through the vascular en-
dothelium [11, 12]. Reduced accumulation in tissues coupled 
with mobilization of immature neutrophils from the bone mar-
row into circulation and inhibition of apoptosis results in neu-
trophilia following glucocorticoid administration [11, 13, 14]. 
Phagocytic activity by PMNs is inhibited by prednisolone plas-
ma concentrations from 0.005 to 1 µg/mL, noted to be 

Table 1. Immunologic Effects of Glucocorticoids and Resultant Clinical Implications 

Cell Type 
Glucocorticoid Effects On  

Cellular Responses Laboratory Finding(s) Clinical Implicationsa  

Neutrophils [11–15] ↑ Production 
↓ Extravasation 

Neutrophilia and impaired phagocytic 
activity 

↑ Risk of common bacterial and viral infections [52,  
53] 

Eosinophils [16, 17] ↑ Apoptosis 
↓ TLR signaling 

Eosinopenia ↑ Risk of fungal infections 

Basophils [18] ↑ Apoptosis Basopenia and decreased histamine 
release 

Limited clinical relevance 

Mast cells [19–21] ↓ Cytokines, chemokine, and 
arachidonic acid derivative 
production, as well as FcϵRI 
expression 

Decreased histamine release and 
antiallergic actions 

Limited clinical relevance 

Macrophages and 
monocytes [11, 12,  
22–26, 31, 32] 

↑ Pro-resolution cytokine 
↓ Inflammatory cytokine 

production, TLR signaling 

Limited impact on macrophage function, 
although impaired opsonization and 
TH-cell activation 

↑ Risk of intracellular infections (eg, Legionella 
species, Salmonella species), MTB, and fungal 
infections 

Natural killer cells [33,  
34] 

↑ Activation 
↓ Inflammatory cytokine 

production 

Reduced cytotoxicity ↑ Risk of viral infections or reactivation (eg, HSV, HZ, 
CMV) and fungal infections 

Dendritic cells [39] ↑ Apoptosis 
↓ Inflammatory cytokine 

production, antigen 
presentation, maturation 

Decreased T-cell activity Limited clinical relevance (although contributes 
significantly to T-cell response) 

TH cells (CD4 cells) [35,  
36, 38, 42, 45] 

↑ Apoptosis 
↓ TH1 > TH2 and TH17 cell 

response and inflammatory 
cytokine production, T-cell 
signaling 

Decreased number of circulating TH cells 
with shift from cell-mediated immunity 
to humoral-mediated immunity 

↑ Risk of bacterial, viral, and fungal infections or 
reactivation, including intracellular (eg, Legionella 
species, Salmonella species) and opportunistic 
infections, (eg, MTB, P. jirovecii, candidiasis, 
cryptococcosis, aspergillosis, SHS) 

Cytotoxic T cells (CD8+ 
T cells) [37] 

↑ Apoptosis 
↓ Inflammatory cytokine 

production, T-cell signaling 

Reduced cytotoxicity ↑ Risk of viral infections or reactivation (eg, HSV, HZ, 
CMV) 

B cells [4, 46–48] ↑ BAFF, IL-10, Blimp-10, apoptosis 
↓ B-cell receptor signaling and 

TLR-7 signaling 

Decreased number of circulating B cells 
and lower plasma immunoglobulins, 
except for IgE 

↑ Risk of Neisseria meningitides, Haemophilus 
influenzae, Streptococcus pneumoniae [50, 51] 

↑, indicates stimulatory effects; ↓, indicates inhibitory effects.  

Abbreviations: BAFF, B-cell activating factor; Blimp1, B-lymphocyte–induced maturation protein 1; CMV, cytomegalovirus; FcϵRI, Fcϵ receptor I; HSV, herpes virus; HZ, herpes zoster; IL, 
interleukin; MTB, Mycobacterium tuberculosis; SHS, Strongyloides hyperinfection syndrome; TH, T helper; TH1, type 1 T helper; TH2, type 2 T helper; TH17, type 17 T helper; TLR, Toll-like 
receptor.  
aThe increased risk of infection is influenced by a multitude factors including the dose, duration, and intensity of glucocorticoid treatment as well as the complex interactions with individual 
biological and host clinical factors, along with concurrent use of immunosuppressive therapies.   
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consistent with long-term use, although specific doses or dura-
tions were not reported [15]. Glucocorticoids diminish the 
number of eosinophils [16, 17] and basophils [18], while inhib-
iting mast cell maturation and cytokine, chemokine, and ara-
chidonic acid derivative production, as well as the expression 
of Fcϵ receptor I [19–21]. 

Glucocorticoids increase the number of circulating macro-
phages and monocytes [22, 23]. However, the production of in-
flammatory mediators, including interleukin (IL)-1 and tumor 
necrosis factor (TNF), and the elimination of opsonized bacte-
ria are decreased [11, 12, 24–31]. In addition, glucocorticoids 
may affect antigen presentation due to diminished expression 
of major histocompatibility complex (MHC) class II on circu-
lating monocytes, leading to impaired activation of T-helper 
(TH) cells [32]. Cytokine production (interferon [IFN]-γ) and 
cytotoxicity of natural killer (NK) cells are diminished by glu-
cocorticoids, although “priming” or “preparative” effects for 
the increased capability of proinflammatory cytokine produc-
tion upon stimulation have been described [33, 34]. 

Glucocorticoids are well recognized for their lympholytic 
activity, which varies by lymphocyte type. Glucocorticoids 
exert apoptogenic effects on both TH and cytotoxic T cells 
while suppressing T-cell activation, proliferation, and cytokine 
production, reducing T-cell–mediated responses [35–39]. 
Glucocorticoids suppress inflammatory type 1 TH (TH1) cell 
responses to a greater degree than TH2 cell responses but do 
not restrict, and may even promote, IL-17–producing TH17 
cell responses [40–44]. Similarly, glucocorticoids induce higher 
apoptosis rates in TH1 cells than in TH2 and TH17 cells. 
Cytokine production by TH1 and TH2 cells is also inhibited. 
As a result, glucocorticoids promote a shift in the immunologic 
response from TH1-cell–mediated immunity to TH2 humoral- 
mediated immunity [45]. 

The effect of glucocorticoids on B cells and humoral immu-
nity is limited compared with the impacts on T-cell activity 
[4, 46]. Glucocorticoids impair B-cell function, including de-
creased concentration of immunoglobulins (Ig), specifically 
IgG, but increased IgE production [47], affecting humoral 
immune responses. B-cell activating factor (BAFF), which is 

Figure 1. Immunologic effects of glucocorticoids. Glucocorticoids significantly impact both the innate and adaptive immune response [7–9]. Activated glucocorticoid re-
ceptors stimulate the production of anti-inflammatory products (including I-kappa-B-alpha [IκBα], interleukin [IL]-1 receptor II, lipocortin-1, IL-10, alpha-2-macroglobulin, and 
secretory leukocyte-protease inhibitor), induce expression of Toll-like receptor (TLR) signaling inhibitors, and simultaneously suppress proinflammatory transcription factors. 
As a result, glucocorticoids inhibit the production and secretion of numerous proinflammatory cytokines (including IL-1α, IL-1β, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IL-11, IL-12, IL-13, 
IL-16, IL-17, IL-18, interferon [IFN]-γ, tumor necrosis factor [TNF], and granulocyte–macrophage colony-stimulating factor [GM-CSF]), reducing recruitment and activation of 
immune cells at the site of infection, and inhibiting phagocytic activity of macrophages and neutrophils, hindering their ability to engulf and eliminate pathogens.   
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responsible for regulating B-cell maturation, antibody produc-
tion, and stimulating T cells, is significantly diminished follow-
ing glucocorticoid administration [48]. 

HOW DO THE EXPERIMENTAL GLUCOCORTICOID 
FINDINGS TRANSLATE TO CLINICAL PRACTICE? 

Glucocorticoids produce a neutrophilic leukocytosis and con-
comitant monocytopenia, eosinopenia, and lymphopenia with-
in 4 to 6 hours of administration, with higher doses resulting in 
more rapid effects [11, 49]. While T and B cells are affected, the 
lympho-depletive effects are most profound on CD4 cells. The 
resultant increase in susceptibility to bacterial, viral, fungal, and 
parasitic infections and reactivation of latent infections after 
treatment with glucocorticoids is immediate. It can be attribut-
ed to impaired phagocytosis and opsonization, decreased T-cell 
proliferation and activity, and diminished eosinophil activity, 
in addition to impaired wound healing (Table 1) [4, 11–17,  
22–26, 31, 32, 35, 36, 38, 39, 42, 45–48, 50, 51]. The higher 
risk of infections is well recognized as a complication of gluco-
corticoids, although individual susceptibility is multifactorial. 

WHAT ARE THE RISKS OF INFECTIONS AND 
OPPORTUNISTIC INFECTIONS IN PATIENTS 
REQUIRING GLUCOCORTICOIDS? 

Shortly after glucocorticoids were introduced for treating in-
flammatory diseases, reports described associations between 
glucocorticoids and increased risks of infections [4, 52, 53]. 
However, these studies included heterogeneous populations, 
some of which had coexisting immunodeficiencies or received 
concomitant immunosuppressive therapies, and did not char-
acterize the types of infections. 

The increased susceptibility to infections, including OIs, is 
influenced by the glucocorticoid dose, duration, and intensity, 
in combination with biological and host clinical factors and 
concomitant immunosuppressive therapy. As in our case, glu-
cocorticoids are often coupled with additional immunosuppres-
sive medications. Due to its narrative nature, we have focused 
this review on clinical studies of patients receiving glucocorti-
coids for autoimmune inflammatory rheumatic diseases 
(AIIRDs) [54] or immune-related adverse events (irAEs) asso-
ciated with checkpoint inhibitors (CPIs) that reported the inci-
dence or risk of OIs stratified by glucocorticoid exposure. 
However, the associated risks and proposed prophylactic strat-
egies extend to other populations. 

Patients With Autoimmune Inflammatory Rheumatic Diseases 

Patients with AIIRD are at increased risk of infections due to 
immunologic dysfunction and pharmacologic treatments, par-
ticularly glucocorticoids [55]. Most retrospective studies re-
ported a dose-dependent increase in the risk of infections 
with doses greater than 10 mg of prednisone equivalents 
(PEQ) per day [56, 57]. In contrast, others, including a 

systematic review and meta-analysis of 21 randomized con-
trolled trials and 42 observational studies, identified greater 
risks of serious bacterial infections in patients with rheumatoid 
arthritis (RA) treated with as little as 5 mg PEQ/day [58–60]. 

The risk of OIs is also increased in patients with RA treated 
with glucocorticoids based on findings from a prospective study 
(Table 2) [61]. Multiple case-control studies reported similar 
findings [62–64], with 1 study noting that the risk of any OI 
was dose-dependent, with higher risks in patients receiving 
7.5 mg or more PEQ/day [62]. While the overall rates of PJP 
were low in a recent systematic review of 29 studies, 25 of which 
were case reports, 76% of cases were receiving glucocorticoids 
upon the diaagnosis of PJP [65]. The mean dose at diagnosis 
was 32 mg PEQ/day, but these data were not consistently report-
ed and no analysis was performed to determine the relationship 
between PJP and glucocorticoid doses or duration. A case- 
control study comparing patients with and without AIIRD re-
ported an increased risk of PJP in those with AIIRD treated 
with more than 10 mg PEQ/day [66]. In retrospective analyses 
to determine the risk of PJP based on glucocorticoid doses, 
one study that included patients receiving 30 mg or more 
PEQ/day for 4 weeks or more reported an increased risk with 
60 mg or more PEQ/day in 1 study [67]. Conversely, a subse-
quent study by the same group noted a higher risk of PJP with 
doses between 15 and 29 mg PEQ/day for 4 or more weeks but 
only with baseline lymphopenia (<800 lymphocytes/mm3) 
[68]. Alternatively, a territory-wide cohort study of patients 
with AIIRD from China identified most cases of PJP in those 
treated with 15 mg or more PEQ/day [69], whereas case series 
reported mean doses of 26.7 mg and 27.5 mg PEQ/day [70,  
71]. The risk of PJP was also increased after treatment with glu-
cocorticoid injection therapy [66] and pulse treatment [68], al-
though no further details were provided. 

The risk of herpes zoster (HZ) is increased among patients with 
AIIRD receiving glucocorticoids based on findings from large 
[72] and small [73] case-control, retrospective [74], and observa-
tional [75] studies. A dose-dependent relationship was observed, 
with higher risks noted in patients treated with doses up to 5 mg 
PEQ/day within 3 months [72] or 10 mg or more PEQ/day within 
6 months [74] of HZ. Mycobacterium tuberculosis (TB) was sig-
nificantly more common in patients with systemic lupus erythe-
matosus (SLE) treated with glucocorticoids compared with those 
not treated with glucocorticoids [62]. Findings from a large case- 
control study reported higher rates of TB among patients with RA 
treated with glucocorticoids [76], whereas a smaller case-control 
study of patients aged 67 years or older with RA did not identify 
an association between glucocorticoid doses and TB [77]. A 
retrospective study identified an increased risk of TB in pa-
tients with SLE with a history of methylprednisolone pulse 
therapy, in which 98% were receiving glucocorticoids at base-
line, although doses and durations were not reported [78]. An 
increased risk of nontuberculous mycobacteria (NTM)  
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infection from any site was identified in patients 67 years or 
older with RA treated with 20 mg or more PEQ/day in a case- 
control study [77]. Still, an observational study of patients 
with primary Sjögren’s syndrome failed to demonstrate a 
similar relationship between glucocorticoids and NTM lung 
disease [79]. 

Fungal OIs are uncommon in patients with AIIRD treated 
with glucocorticoids [62, 63, 80, 81]. Coccidioidomycosis was 
identified in 16 of 854 patients with RA, of whom 11 were re-
ceiving glucocorticoids [81]. Most were receiving less than 
10 mg PEQ/day, although the duration was not reported, and 
no analysis was performed to explore the relationship between 
glucocorticoids and coccidioidomycosis. Among 48 patients 
with lupus nephritis in a retrospective study, those with crypto-
coccal meningoencephalitis (CM) (n = 16) received similar cu-
mulative glucocorticoid doses to those without CM in the prior 
year but significantly higher doses at diagnosis (27.5 ± 10.2 vs 
15.5 ± 7.8 mg PEQ/d; P < .001) [82]. A single-center case series 
described 15 patients with SLE diagnosed with fungal OI over a 
35-year period [80]. Cryptococcal meningoencephalitis was the 
most common and accounted for 9 cases, whereas there were 
3 cases of invasive candidiasis, 1 case of scedosporiosis, and 2 
cases with concomitant CM and invasive aspergillosis (IA). 
Within 3 months before the diagnosis, glucocorticoid use was 
reported in 87% with variable doses, which were highest in CM. 

Strongyloides hyperinfection syndrome (SHS) has been re-
ported in patients with AIIRD treated with glucocorticoids 
[83, 84]. In a systematic review of 244 cases of severe strongy-
loidiasis from 213 reports published between 1991 and 2011, 
67% were receiving glucocorticoids [85]. While doses and du-
rations were not reported in the systematic review [85], a 
case report described a patient with sarcoidosis who developed 
SHS after treatment with 40 mg PEQ/day for 6 weeks [86]. In 
addition, SHS was reported in patients with sarcoidosis and 
RA treated with glucocorticoids for 13 and 15 years, respective-
ly [87, 88]. Reactivation of Chagas disease has been described in 
13 cases with AIIRD, of whom 70% were receiving glucocorti-
coids (most often 5 mg PEQ/d) combined with other immuno-
suppressive therapies [89]. Numerous cases describing less 
common OIs in patients with AIIRD treated with varying glu-
cocorticoid doses and durations have been reported elsewhere 
[90–93]. 

Patients With Immune-Related Adverse Events Associated With 
Checkpoint Inhibitor Therapies 

Patients with neoplastic diseases are at higher risk of infections 
due to local tumor effects; disruption of physical barriers due to 
older age, poor functional status, disease progression, or inter-
ventions to treat the disease (eg, surgery or device implanta-
tion); comorbidities (eg, coexisting immunodeficiencies); and 
immune dysfunction caused by the ongoing malignancy or 
its treatment (eg, glucocorticoids, cytotoxic chemotherapy, 

CPI therapy, other immunomodulators). Glucocorticoids are 
widely used for premedication before chemotherapy, suppor-
tive care and refractory symptom management, and oncologic 
emergencies, and in many treatment protocols often combined 
with other immunosuppressive medications for hematologic 
and oncologic diseases [94]. 

Following the approval and increased utilization of CPI ther-
apies, glucocorticoids have become the mainstay for managing 
irAEs. The use of CPIs has increased for many advanced malig-
nancies due to substantial antitumor efficacy [95]. However, 
the benefits associated with CPIs are offset by the development 
of severe or life-threatening irAEs (grade 3–4 based on the 
Common Terminology Criteria for Adverse Events from the 
National Cancer Institute [96]), which affect 20–50% of pa-
tients and most often involve the respiratory or gastrointestinal 
tract [95, 97]. Glucocorticoids (1–2 mg PEQ/kg/d) are recom-
mended and are tapered over 4 weeks or more as symptoms 
subside, although some patients require more than 6–8 weeks 
or additional immunosuppressive medications (eg, infliximab, 
vedolizumab, mycophenolate mofetil) [94]. 

The incidence of infections during or within 1 year after CPI 
therapy ranges from 18% to 27%, in which cutaneous, respira-
tory, genitourinary, and bloodstream infections were most 
common and frequently caused by Staphylococcus aureus, 
Escherichia coli, Klebsiella pneumoniae, Haemophilus influen-
zae, and Pseudomonas aeruginosa [98, 99]. In a retrospective 
study of patients treated with CPI therapy, age greater than 
67 years was associated with an increased risk of infection (haz-
ard ratio [HR]: 1.73; 95% confidence interval [CI]: 1.04–2.87; 
P = .04), whereas treatment with glucocorticoids did not influ-
ence the risk of infection (HR: 1.51; 95% CI: .91–2.49; P = .11), 
but doses and duration were not reported [99]. 

Opportunistic infections represented 2% of all infections in a 
retrospective study that included 740 patients with melanoma 
treated with CPIs (Table 3) [100]. Overall, 46% of patients re-
ceived glucocorticoids, most often consisting of 40 mg PEQ/ 
day for 60 days. Glucocorticoids were significantly associated 
with serious infections, although the association between glu-
cocorticoids and OIs was not evaluated. A higher incidence 
of OIs (7% of all infections) was reported from a more recent 
retrospective analysis of 758 patients treated with CPIs and in-
cluded oral candidiasis, HZ, PJP, and Listeria monocytogenes 
endophthalmitis [95]. The incidence of OIs was similar be-
tween patients treated with glucocorticoids for 28–59 days 
and those treated for 60 days or more (5% vs 11%; P = .234). 

Additional cases of OIs have been reported in patients 
treated with CPIs who required glucocorticoids for irAEs and 
reviewed elsewhere, although doses, durations, and concomi-
tant immunosuppressive medications varied [101].  
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CAN THE RISK OF OPPORTUNISTIC INFECTIONS IN 
PATIENTS REQUIRING GLUCOCORTICOIDS BE 
ESTIMATED? 

A key question is how to best quantify the increased risk of OIs 
in patients treated with glucocorticoids, particularly when 
combined with other immunosuppressive therapies. Most 
data suggest that the increased risk of infection is proportionate 
to the dose and duration [62, 63, 72]. For example, the initial 
thresholds for PJP based on case series from multiple popula-
tions ranged from 15 to 20 mg PEQ/day for 3 or more weeks 
[102, 103]. However, cases have been reported in patients re-
ceiving less than 15 mg PEQ/day, suggesting that the dose 
and duration thresholds are not universal [67]. The use of non-
specific terminology (“low dose,” “high dose”) and “prednisone 
equivalents” based on potency to report and compare glucocor-
ticoid doses presents an added complexity in failing to recog-
nize the differential effects on lymphocyte subpopulations 
between various glucocorticoids. 

Traditionally, glucocorticoid potency was correlated with 
glucocorticoid receptor affinity and anti-inflammatory proper-
ties, although the degree of immunosuppression differs be-
tween various glucocorticoids [104]. The in vivo 
immunosuppressive potency of glucocorticoids is likely more 
complex due to the variable effects on cellular biomarkers com-
pared with cortisol suppression (Table 4). Reductions in the 
number of circulating lymphocytes were similar, although dex-
amethasone significantly impaired lymphocyte-mediated cellu-
lar toxicity and inflammatory cytokine production compared 
with equivalent doses of hydrocortisone and prednisone 
[105]. Despite being less potent, methylprednisolone dimin-
ished lymphocyte proliferation to a greater extent compared 
with dexamethasone [106]. Alternatively, dexamethasone was 
10 times more potent than prednisolone at inhibiting lympho-
cyte proliferation [107]. In a previous study comparing the dy-
namics of suppressing TH-cell trafficking, the half maximal 
inhibitory concentration (IC50) of cortisol (hydrocortisone) 
was 79.3 µg/L compared to 4.6 µg/L for methylprednisolone, 
which produced a potency ratio of 17.1 [108], despite dose 
equivalency being defined as 20 mg and 4 mg, respectively. 
While the anti-inflammatory potency of methylprednisolone 
is 25% greater than prednisolone, the antilymphocyte potency 
of methylprednisolone was more than 12 times higher than 
prednisolone [109]. The lympho-depletive effects of dexame-
thasone and methylprednisolone are likely greater than those 
observed with prednisolone. Indeed, a retrospective study de-
tected prolonged graft survival time in renal transplant recipi-
ents treated with methylprednisolone compared with 
prednisolone for maintenance immunosuppression due to 
the greater lymphocyte-suppressive potency of methylprednis-
olone [109]. For example, an ongoing institutional 
quality-improvement effort identified dexamethasone pulses 
—primarily for patients with oncologic diseases—as a risk Ta
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factor for PJP. Similar to our case, some glucocorticoid taper 
regimens may not be identified as treatment regimens in 
need of PJP prophylaxis. A higher risk of TB was also reported 
in patients with SLE treated with “methylprednisolone pulse 
therapy” [78]. Additionally, twice-daily dosing may result in 
greater TH-cell suppression than once-daily dosing despite 
the same daily dose [104]. When glucocorticosteroids are 
used as immunomodulators—even for such doses and dura-
tion—in the treatment of coronavirus disease 2019 
(COVID-19), they can confer an increased risk for 
COVID-19–associated pulmonary aspergillosis [110] or SHS 
[111]. 

Clinical data comparing the immunologic effects of different 
glucocorticoids are lacking. Standardized nomenclature for 
glucocorticoid treatment to include the drug, dose, route of ad-
ministration, and duration or cumulative dose based on “pred-
nisone equivalents” was proposed by the European Alliance of 
Associations for Rheumatology in 2002 [112]. However, this 
guidance acknowledges the lack of experimental and clinical 
data to support the traditional glucocorticoid potencies and 
cautions extrapolating equivalent potencies to doses of more 
than 100 mg PEQ. At doses greater than 100 mg PEQ (used 
for acute diseases [113]), non–transcriptionally mediated (non-
genomic) activity is observed, which differs in relative potency 
compared with genomic effects (Table 4) [114]. Nongenomic 
effects occur much faster (within minutes) than genomic action 
at the transcriptional level, with variable effects [115]. Indeed, 
experimental reports described rapid immunosuppressive ef-
fects of glucocorticoids through disruption of T-cell receptor 
signaling after 30 minutes of treatment with dexamethasone 
(equivalent human doses were not reported) [116, 117]. 
Additional experimental data observed differences in the 
mechanism of action of prednisone and dexamethasone, where 
both equally inhibited cytokine production by T cells. Still, dex-
amethasone inhibited nuclear factor-κB (NF-κB) signaling, in-
volved in the activation and differentiation of T cells, less than 
prednisone [118]. The proposal to standardize glucocorticoid 
treatment nomenclature [112] improves consistency in report-
ing but fails to provide the nuanced details necessary to eluci-
date the complex mechanism of different glucocorticoids on 
host defense mechanisms. Future reports should give explicit 
details about glucocorticoid treatments (specific drug, dose, 
route of administration, duration or cumulative dose, addition-
al intermittent or “pulse,” and modifications prior to OI diag-
nosis) to better characterize the effect of differing 
glucocorticoids on immune function. 

There are numerous additional risk factors for OIs in pa-
tients requiring glucocorticoids. In addition to the potential 
dose-dependent relationship, the primary comorbidity can in-
trinsically contribute to the overall host immunodeficiency. 
Other additive factors include advanced age, uncontrolled dia-
betes, transplant status, malignancy, chemotherapy, immune- 

mediated effects of AIIRD, end-organ injury or failure, and 
concomitant immunosuppressive medications. Developing 
calculators that consider additional factors beyond glucocorti-
coid potency, such as specific details about the glucocorticoid 
therapy in addition to comorbidities, coexisting immunodefi-
ciencies, and concomitant immunosuppressive therapies or 
utilizing advanced technology to measure cell-mediated immu-
nity, may provide a more accurate risk for OIs. For example, in 
a multicenter case-control study, the calculated annual risk of 
PJP for 20 mg PEQ/day was approximately 1.74% in a patient 
with AIIRD but 6.29% in a person with human immunodefi-
ciency virus (HIV) [119]. Improved methods to determine 
the intensity or “net state” of immunosuppression, rather 
than traditional therapeutic drug monitoring for immunosup-
pressive therapies, have recently emerged in transplant recipi-
ents [120]. Assays to measure intracellular adenosine 
triphosphate synthesis to determine CD4 cell activity as a sur-
rogate for cell-mediated immunity [121] and IFN-γ production 
to characterize both the adaptive (CD3 T-cell stimulant) and 
innate (TLR ligand) immune responses [122] are increasingly 
used, but data are lacking outside of transplant recipients. 

Although the incidence of OIs ranged from 2% to 7% in ob-
servational studies of patients treated with glucocorticoids for 
irAEs associated with CPIs [95, 100], questions remain regard-
ing the underlying mechanism for infections, including OIs, 
that occur post–CPI therapy. A recent review [123] noted 
that some infections after treatment with CPIs might be caused 
by other factors besides glucocorticoids or immunosuppression 
based on findings from recent studies that failed to identify an 
association between glucocorticoids and OIs [98, 99]. The au-
thors argued that the diversity of infections observed in patients 
post–CPI therapy could be dichotomized into immunotherapy 
infections due to dysregulated immunity (ITI-DI) and immu-
notherapy infections due to immunosuppression (ITI-IS) 
[123]. ITI-DI likely represent the reactivation of latent diseases 
(eg, TB, cytomegalovirus [CMV], and hepatitis B virus), where 
immune checkpoint activity regulated the pathogen before 
treatment with CPIs. Alternatively, Streptococcus pneumoniae, 
IA, and PJP are most often characterized as ITI-IS in which 
the risk is directly associated with the degree of immunosup-
pression. However, a previous case of IA was reported in a 
patient treated with CPIs without concomitant immunosup-
pression [124]. Additional data are needed to distinguish 
ITI-DI from ITI-IS to better understand the pathogenesis and 
quantify the risks of OIs in patients treated with CPIs with or 
without concomitant glucocorticoids.  
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WHAT CAN BE DONE TO PREVENT ACUTE 
INFECTIONS OR REACTIVATION OF OPPORTUNISTIC 
INFECTIONS IN PATIENTS REQUIRING 
GLUCOCORTICOIDS? 

Was PJP prophylaxis initially indicated in this patient? Could he 
benefit from secondary prophylaxis against PJP? 

Interventions to prevent infections or disease progression 
caused by opportunistic pathogens in patients treated with glu-
cocorticoids are critical, but identifying those who may benefit 
remains a clinical challenge. Until greater details about the im-
munologic effects of different glucocorticoid treatments or 
methods to “calculate” or determine the “net state” of immuno-
suppression are validated in patients requiring glucocorticoids, 
we are forced to rely on the dose-dependent, prednisone- 
equivalent dogma to estimate the risk of OIs. The heterogeneity 
of the risk for OIs in patients treated with glucocorticoids sup-
ports the need for shared decision making and collaboration 
between clinicians and patients. Ongoing and open discussions 
about current disease activity, previous treatments, concurrent 
comorbidities, and individualized social and environmental 
risks allow the detection of those at greatest risk for OIs. 
Conveying the perceived risks of OIs improves patient under-
standing and may increase the use of preventive efforts, includ-
ing screening for asymptomatic OIs, antimicrobial prophylaxis, 
and immunizations, which may aid in reducing health 
inequities. 

Glucocorticoids, including “methylprednisolone pulse ther-
apy,” are associated with an increased risk of TB in patients 
with AIIRD [62, 76, 78], although the minimum dose or dura-
tion remains unknown. Guidelines recommend screening pa-
tients treated with 15 mg or more PEQ/day for 1 month or 
more for latent TB (Table 5) [54, 125]. However, the risk for 
TB reactivation was 2.8 and 7.7 times higher among patients 
treated with less than 15 mg and 15 mg or more PEQ/day, re-
spectively [126]. Since recommendations based on PEQ may 
underestimate the risk of latent TB in those receiving glucocor-
ticoids, a detailed history, including social and environmental 
risk factors along with shared decision making, may improve 
the identification of at-risk individuals. While glucocorticoids 
can blunt the response of the tuberculin skin test and IFN-γ re-
lease assays (IGRAs), data suggest that IGRAs are less affected 
by glucocorticoids and other immunosuppressants [54, 127,  
128]. Therefore, IGRAs are preferred to screen for latent TB. 
Similarly, the National Comprehensive Cancer Network 
(NCCN) guidelines recommend patients undergo screening 
for latent TB before treatment with CPIs (Table 5) [94]. 
There are limited risk assessments, screening, and prophylactic 
recommendations for NTM or other atypical infections in pa-
tients receiving glucocorticoids. 

Prophylaxis with TMP/SMX reduced the incidence of PJP in 
multiple studies enrolling patients with AIIRD receiving 15– 
30 mg PEQ/day for 2–4 weeks, but the duration was not 

provided in all studies [67, 68, 129–131]. The number needed 
to treat to prevent 1 case of PJP varied from 21 to 114, depend-
ing on the underlying AIIRD [69, 132]. A recent global health 
network analysis found an independently increased mortality 
related to PJP among patients without HIV with prior gluco-
corticoid exposure [133], potentially due to diagnostic delays. 
As such, PJP prophylaxis is indicated for patients receiving 
15 mg or more PEQ/day for 14–28 days or more [54]. No cases 
of PJP were detected in patients with AIIRD treated with gluco-
corticoids who received TMP/SMX daily or 3 times weekly, al-
though tolerability was improved with lower doses [134, 135]. 
Patients with a history of PJP or additional risk factors for 
PJP may require PJP prophylaxis with lower doses or even pulse 
doses of glucocorticoids (Table 5) [66, 68, 94]. While lympho-
penia is common among patients with AIIRD with PJP, lym-
phocyte and CD4 counts were lower in patients with SLE 6– 
7 months before PJP diagnosis compared with age- and sex- 
matched patients with SLE but without PJP (520 ± 226 vs 
1420 ± 382 lymphocytes/mm3 and 156 ± 5 vs 276 ± 8 CD4 
cells/mm3, respectively) [103]. Before or during glucocorticoid 
treatment, multiple threshold values for lymphocyte or CD4 
counts have been proposed [130, 136–139]. However, a defined 
value determining when prophylaxis should be initiated re-
mains unknown, resulting in inconsistent clinical practice 
[140]. The association between CD4 counts of less than 200 
cells/mm3 is less evident in people without HIV [141] as 40% 
and 60% of patients with connective tissue disease and PJP 
had CD4 counts of less than 300 and less than 400 cells/mm3, 
respectively [142]. Shared decision making with patients 
should be done due to the lack of consensus to determine 
who may benefit from prophylaxis, poor outcomes associated 
with PJP, and the potential for adverse events related to 
TMP/SMX. Further data are needed to determine whether glu-
cocorticoid injection or pulse therapy [66, 68] and concurrent 
lymphopenia (CD4 count) [143] are helpful for predicting the 
risk of PJP in patients receiving glucocorticoids. As in our case, 
primary PJP prophylaxis should be discussed with the patient 
with consideration for lower doses or shorter durations of 
glucocorticosteroids (or concomitant immunosuppressive 
medications). Ongoing use of glucocorticoids necessitates sec-
ondary PJP prophylaxis. The optimal time to discontinue PJP 
prophylaxis remains unclear but can be considered, in conjunc-
tion with patient preferences, once doses are decreased to less 
than 15 mg PEQ/day in those without additional risk factors 
for PJP. Since other PJP risk factors are present in our case, 
PJP prophylaxis would be indicated despite receiving less 
than 15 mg PEQ/day. 

PJP prophylaxis is also indicated for patients who develop 
irAEs after CPI therapy and requires 20 mg or more PEQ/ 
day for 4 or more weeks [94]. However, in 1 report, 14 patients 
received TMP/SMX for PJP prophylaxis, in whom 43% devel-
oped an OI (2 patients with oral candidiasis and 1 with  
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Varicella zoster virus) or non-OI (1 patient with sinusitis, 1 
with cellulitis and Clostridioides difficile colitis, and 1 with bac-
teremia secondary to osteomyelitis) [95]. One patient devel-
oped PJP but was not receiving prophylactic therapy. Overall, 
the incidence of OIs in patients receiving glucocorticoids for 

irAEs is low despite weeks of glucocorticoids. Recent concerns 
have emerged about the association with antimicrobial therapy, 
before or with CPIs regardless of glucocorticoid use, and poor 
overall survival due to gut dysbiosis [144, 145]. Unnecessary 
antimicrobial therapy should be avoided, but more data are 

Table 5. Recommendations to Prevent Acute Infections or Reactivation of Opportunistic Infections in Patients Requiring Glucocorticoids 

Opportunistic 
Infection Recommended Indications Recommendations for Prevention  

Patients with AIIRD requiring glucocorticoids  

Latent TB • Patients treated with ≥15 mg PEQ/d for ≥28 d, but preferably 
before initiating glucocorticoid therapy 

• Screening for latent TB may be indicated in those treated with 
<15 mg PEQ/d with a history of alcohol abuse, smoking, and living 
with people with TB or in endemic countries 

• Screening for latent TB may be indicated before initiating pulse 
dose glucocorticoid therapy in those already receiving 
glucocorticoid therapy at baseline 

• IGRA preferred over TST 
• Further recommendations are available from the US Preventive 

Services Task Force [125] and EULAR [54]   

PJP • Patients treated with ≥15 mg PEQ/d for ≥14 to 28 d 
• Prophylaxis may be indicated in patients with a history of PJP, 

those treated with lower doses of glucocorticoids if 1 or more 
additional risk factors for PJP are present (eg, solid-organ 
transplantation, acute lymphocytic leukemia, lymphopenia [< 600 
lymphocytes/mm3 or <300–350 CD4 cells/mm3 before or during 
treatment with glucocorticoids], concomitant immunosuppressive 
medications, underlying pulmonary disease, older age), or 
individuals treated with glucocorticoid injection or pulse therapy 

• TMP/SMX 40 mg/200 mg once daily or 80 mg/400 mg once daily or 
3 times weekly 

• TMP/SMX 80 mg/400 mg 3 times weekly in patients with renal 
dysfunction (CrCl: 15–30 mL/min) 

• Higher doses (160 mg/800 mg) are not expected to provide added 
benefit but may increase the risk of adverse effects 

• Further recommendations are available from EULAR [54]   

Cryptococcosis Symptomatic patients treated with glucocorticoid therapy who are at 
risk of cryptococcosis 

• Serum CrAg test  

HZ • Patients treated with glucocorticoid therapy, but preferably before 
initiating glucocorticoid therapy 

• Vaccination may be indicated in those with additional risk factors for 
HZ (eg, age, chronic comorbidities, or concomitant 
immunosuppressive medications) 

• Vaccination with RZV (Shingrix, GlaxoSmithKline (GSK)) 
• Antiviral prophylaxis is not routinely recommended 
• Further recommendations are available from EULAR [54]  

SHS Patients treated with glucocorticoid therapy who were born or 
residing for more than 6 mo in endemic countries (eg, Asia, 
Oceania, Africa, South America, the Caribbean, and Mediterranean 
countries), but preferably before initiating glucocorticoid therapy 

• Stool sample should be screened for ova and parasites in addition 
to serum IgG against Strongyloides stercoralis 

• Nonpharmacological preventive measures should be discussed to 
prevent Strongyloides infection (eg, avoid contact with fecal matter 
or sewage, wear protective clothing around soil) 

• Further recommendations are available from CATMAT [148] 

Patients treated with glucocorticoid therapy for irAEs associated with CPIs  

Latent TB Before initiating glucocorticoid therapy, but preferably before starting 
CPIs 

• IGRA 
• Further recommendations are available from the NCCN [94]  

PJP Patients treated with ≥20 mg PEQ/d for ≥28 d • TMP/SMX 80 mg/400 mg once daily or 160 mg/800 mg 3 times 
weekly, or if TMP/SMX intolerant, then 

• Atovaquone 1500 mg once daily, or 
• Dapsone 100 mg once daily, or 
• Pentamidine (aerosolized inhalation or intravenous)  

Cryptococcosis Symptomatic patients treated with glucocorticoid therapy who are at 
risk of cryptococcosis 

• Serum CrAg test  

HZ Before initiating glucocorticoid therapy, but preferably before starting 
CPIs 

• Vaccination with RZV (Shingrix) before initiating glucocorticoid 
therapy 

• Antiviral prophylaxis is determined by standard prevention 
protocols in specific hematologic malignancy populations or those 
receiving concomitant alemtuzumab 

• Further recommendations are available from the NCCN [94]  

SHS Before initiating glucocorticoid therapy, but preferably before starting 
CPIs 

• Stool sample should be screened for ova and parasites in addition 
to serum IgG against Strongyloides stercoralis 

• Nonpharmacological preventive measures should be discussed to 
prevent Strongyloides infection (eg, avoid contact with fecal matter 
or sewage, wear protective clothing around soil) 

Abbreviations: AIIRD, autoimmune inflammatory rheumatic disease(s); CATMAT, Committee to Advise on Tropical Medicine, and Travel; CrAg, cryptococcal antigen; CPI, checkpoint inhibitor; 
CrCl, creatinine clearance; EULAR, European Alliance of Associations for Rheumatology; HZ, herpes zoster; IgG, immunoglobulin G; IGRA, interferon-γ release assay; irAE, immune-related 
adverse event; NCCN, National Comprehensive Cancer Network; PEQ, prednisone equivalents; PJP, Pneumocystis jirovecii pneumonia; RZV, recombinant zoster vaccine; SHS, Strongyloides 
stercoralis hyperinfection syndrome; TB, Mycobacterium tuberculosis; TMP/SMX, trimethoprim/sulfamethoxazole; TST, tuberculin skin test.   
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needed to examine whether similar deleterious effects on CPI 
efficacy extend to prophylactic treatments against OIs with 
concomitant glucocorticoids. 

The incidence of fungal OIs is low in patients with AIIRD 
treated with glucocorticoids and does not warrant routine pro-
phylaxis. Alternatively, prophylactic strategies for IA are pre-
dominantly limited to patients with hematologic 
malignancies and should follow NCCN recommendations 
[94]. Routine prophylaxis against cryptococcosis in patients re-
ceiving glucocorticoids is not recommended. However, serum 
cryptococcal antigen (CrAg) testing may be beneficial in detect-
ing cryptococcal antigenemia in symptomatic patients treated 
with glucocorticoids with concomitant lymphopenia [146]. 
However, the sensitivity of serum CrAg is unknown in this 
population. 

The risk of herpes simplex virus or CMV infection in pa-
tients treated with glucocorticoids alone is not well established. 
Therefore, antiviral prophylaxis among those at risk is deter-
mined by standard prevention protocols in specific hematolog-
ical malignancy populations or those receiving concomitant 
alemtuzumab [94]. Since multiple studies have shown an in-
creased risk of HZ in patients taking glucocorticoids [72–75], 
patients with autoimmune, inflammatory, hematologic, or on-
cologic diseases treated with glucocorticoids should be vacci-
nated against HZ with recombinant zoster vaccine 
(Shingrix; GSK) ideally before the initiation of immunosup-
pressive medications [147]. Antiviral prophylaxis is not rou-
tinely recommended and should be deferred based on the 
primary immunodeficiency guideline and setting [54]. 

Glucocorticoids are a recognized risk factor for SHS. Case re-
ports have documented SHS during COVID-19 treatment with 
dexamethasone [111]. While the minimum dose and duration 
required to reactivate Strongyloides stercoralis are unknown, 
Canadian guidelines recommend 20 mg or more PEQ/day for 
2 or more weeks [148]. Screening with an ova and parasite test 
and serology or preemptive therapy with ivermectin before start-
ing glucocorticoids is recommended in people born or residing 
in endemic countries for more than 6 months. The synergistic 
effect of glucocorticoids with other immunosuppressive thera-
pies increases the risk for reactivation of Chagas disease in pa-
tients with AIIRD [89, 149]. Further prospective studies are 
needed to determine if serologic screening for Trypanosoma 
cruzi is warranted before treatment with glucocorticoids. 

Descriptions of disparate risks for OIs in patients receiving 
glucocorticoids are lacking. However, Black and Hispanic pa-
tients with SLE had more persistent glucocorticoid use with 
higher doses than White individuals over a 12-month period 
(17 ± 33 and 17 ± 39 vs 14 ± 14 mg PEQ/mo, respectively) 
[150]. Rates of PJP prophylaxis were similar among racial 
and ethnic groups, but fewer Black and Hispanic persons re-
ceived 1 or more vaccination than White persons (4% and 
6% vs 10%, respectively). More evidence is needed to evaluate 

and mitigate barriers and facilitators contributing to inequities 
in preventive strategies to reduce the risk of OIs among patients 
treated with glucocorticoids. 

CONCLUSIONS 

The challenge of determining the glucocorticoid dose and du-
ration that predispose patients to the risk of developing an OI 
remains elusive as studies are confounded by disease severity, 
limited details about glucocorticoid treatments, inconsistent 
periods for determining glucocorticoid exposure, and the defi-
nition and distribution of OIs. Collaboration and shared deci-
sion making across specialties involving patients should be 
utilized to discuss interventions to prevent acute infection or 
reactivation of OIs. Alternatively, limiting the glucocorticoid 
dose, duration, and intensity may help reduce the risk of OIs. 
The differential effects of various glucocorticoids on lympho-
cyte subpopulations must be accounted for in future studies 
to better quantify the risk of OIs attributable to glucocorticoids 
versus underlying comorbidities or other immunosuppressive 
medications. 

The increase in neutrophils following treatment with gluco-
corticoids is multifactorial. Glucocorticoids blunt the inflamma-
tory response by obstructing PMN recruitment and movement 
across the vascular endothelium, stimulating the release of im-
mature neutrophils from the bone marrow into the bloodstream, 
and inhibiting apoptosis [11–14]. Glucocorticoids exert apopto-
genic effects on eosinophils by diminishing the synthesis of IL-5 
[16, 17] and reducing the number of circulating basophils. 
However, histamine content per basophil is not affected (nota-
bly, this effect of glucocorticoids makes it a potent therapy for 
allergic reactions) [18]. Glucocorticoids lead to increased circu-
lating macrophages and monocytes due to fewer resident tissue 
macrophages and macrophage migration inhibition [22, 23]. 
Production of inflammatory mediators, including IL-1 and 
TNF, from macrophages and monocytes is decreased, although 
macrophages resist glucocorticoid-induced apoptosis [11, 12,  
24–26]. While phagocytic function and phagocyte recruitment 
by macrophages are not impacted by glucocorticoids [27, 28], 
phagocytic uptake of apoptotic debris by macrophages may be 
upregulated, promoting the resolution of inflammation [29,  
30]. Glucocorticoids impair the elimination of opsonized bacte-
ria by macrophages of the reticuloendothelial system [31]. 

Following treatment with glucocorticoids, the number of 
circulating T cells is decreased due to migration back to bone 
marrow and secondary lymphoid tissues and glucocorticoid- 
associated apoptosis of both TH cells and cytotoxic T cells 
[35–37]. The binding of the glucocorticoid receptor in T cells 
inhibits IL-2 production affecting T-cell activation [38]. In ad-
dition, glucocorticoids impair the activity of dendritic cells (the 
most efficient antigen-presenting cells, which stimulate T-cell 
responses) by blocking maturation and inducing apoptosis,  
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resulting in diminished T-cell activity [39]. TH cells, vital com-
ponents of adaptive immunity, can differentiate into TH1, TH2, 
TH17, or T-regulatory (Treg) cells [40]. TH1 cells promote im-
munologic responses against intracellular pathogens residing 
in the phagocytic vesicles within cells, often macrophages, by 
releasing IFN-γ and IL-12 and activating effector T cells, NK 
cells, and macrophages [40, 41]. TH2 cells express IL-4, IL-5, 
IL-10, and IL-13 to eliminate extracellular pathogens and 
activate B-cell–mediated antibody responses [44]. TH17 se-
cretes IL-17A and aids in defense against extracellular patho-
gens, particularly in mucosal and epithelial immunity [43]. 
Glucocorticoids trigger higher rates of apoptosis in TH1 cells 
than in TH2 and TH17 cells and suppress cytokine production 
by TH1 and TH2 cells. Consequently, the immune response is 
shifted from TH1-cell–mediated immunity to TH2 humoral- 
mediated immunity [45]. 

Glucocorticoids decrease B-cell receptor signaling and 
TLR-7 signaling while increasing expression of IL-10 and 
B-lymphocyte–induced maturation protein 1 (Blimp1) [4,  
46]. In addition, glucocorticoid administration leads to de-
creased concentration of immunoglobulins (Ig), impairing hu-
moral immune response, and disrupts B-cell activating factor 
(BAFF) responsible for B-cell maturation, antibody produc-
tion, and T-cell stimulation [47]. 

Alternatively, glucocorticoids promote inflammation resolu-
tion by enhancing apoptotic PMNs and secretion of anti- 
inflammatory cytokines, although wound healing is impaired 
as glucocorticoids limit collagen deposition, angiogenesis, 
and re-epithelialization. 
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