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Corticosteroids constitute a first-line therapy for adults and children suffering from nonmalignant immune-mediated
hematologic diseases. However, high disease relapse rates during the tapering period or upon drug discontinuation
result in long-term corticosteroid use that increases the risk of infection. This same concept applies to other im-
munosuppressive agents, such as antimetabolites, calcineurin inhibitors, and cyclophosphamide. Corticosteroids are
associated with a length-of-treatment and dose-dependent risk for infection. Screening and antimicrobial prophylaxis
against tuberculosis, hepatitis B, Strongyloides stercoralis, and Pneumocystis jirovecii pneumonia (PJP) might be
indicated in patients who are scheduled to be on high-dose corticosteroids for >4 weeks (>30 mg of prednisone-
equivalent dose [PEQ]) or in patients chronically treated (≥8 weeks of continuous or intermittent corticosteroid use)
with moderate doses (≥15 to <30 mg PEQ). Antimetabolites (azathioprine, mycophenolate) increase the risk of
progressive multifocal leukoencephalopathy (PML); however, other opportunistic infections and viral reactivation
have also been reported. In case of new onset of neurological symptoms, PML needs to be considered, and an urgent
neurology consultation should be obtained. Cyclophosphamide-induced myelosuppression can lead to serious in-
fections related to neutropenia. PJP prophylaxis should be considered with combination therapy of cyclophospha-
mide and corticosteroids until a PEQ dose ≤ 5 mg/d is reached. Data on infectious risk when cyclosporine is used in
patients with nonmalignant hematologic diseases are lacking. Discontinuation of any immunosuppressive agent
during an episode of infection is recommended. In all patients, adherence to an age-based immunization schedule is
appropriate.

LEARNING OBJECTIVES

• Identify which patients receiving corticosteroids and other immunosuppressive agents are at higher risk for
infection based on a patient’s individual characteristics and the immunosuppressive agent used

• Choose the optimal and evidence-based infection prevention strategy to mitigate infection complications in
patients receiving corticosteroids and other immunosuppressive agents

Clinical case
A 66-year-old woman presented with 2 weeks of easy
bruising and epistaxis. She had chronic obstructive pul-
monary disease (COPD), mild cognitive impartment, and
essential hypertension. Her platelet count was 7000 per
microliter (normal range, 150000-400000 per microliter);
given her symptomatology, she was hospitalized for ex-
pedited workup andmanagement. Physical and laboratory

examinations were negative for rheumatologic or infec-
tious causes of her thrombocytopenia. She was diagnosed
with immune thrombocytopenic purpura (ITP). Her medi-
cations on admission were salmeterol, fluticasone, hy-
drochlorothiazide, lisinopril, and amlodipine. She lived
alone. Her daughter lived 2 hours away but visits every
weekend because her mother tends to confuse her
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medications. The patient is anxious about starting a new drug
and the side effects that she might experience from it. She has
had 3 hospitalizations for COPD exacerbation in the past
12 months; however, she had never been in the intensive care
unit or been intubated. The medical team discussed a 4-day
course of dexamethasone 40 mg once daily; however, the
patient and her daughter argued against it given an episode of
confusion the patient experienced while on dexamethasone
during her last admission for COPD exacerbation. However, the
patient stated that she has been on prednisone before and
tolerated it well. The plan is now for IV immunoglobulin and
prednisone taper over 4 to 8 weeks, starting at 1 mg/kg
per day.

Introduction
The use of immunosuppressive therapies in the management of
nonmalignant immune-mediated hematologic diseases, such as
ITP, thrombotic thrombocytopenic purpura, autoimmune he-
molytic anemia, antiphospholipid syndrome, and acquired co-
agulation factor deficiencies, lead to an increased risk for infections.
Because these infectious complications can severely affect a pa-
tient’s outcome, preventive strategies, such as patient counseling,
immunization, infectious disease screening, and antimicrobial
prophylaxis, are essential tools in minimizing this risk. Here, we
review the data on infectious risk and infectious disease prevention
in patients with nonmalignant immune-mediated hematologic
diseases treated with various immunosuppressive agents (corti-
costeroids, antimetabolites, calcineurin inhibitors, and cyclophos-
phamide [CP]) (see the Visual Abstract). We also highlight areas in
which limited evidence exists and discuss our clinical approach
given the existent knowledge base. The risk for infections asso-
ciated with surgical and functional asplenia, as well as with the use
of monoclonal antibodies (rituximab and eculizumab), is discussed
elsewhere in this volume.63,64

What is this patient’s risk for infection?
The existing evidence regarding the risk of infection in patients
with nonmalignant immune-mediated hematologic diseases

treated with corticosteroids and other immunosuppressive
agents is scarce. However, publications about patients with ITP
or autoimmune rheumatologic disease undergoing immunosup-
pressive therapies report infection as a major cause of morbidity,
treatment interruption, and/or discontinuation.1,2 When appraising
the patient’s risk of infection, the interactions of various endoge-
nous and exogenous risk factors have to be considered: (1) non-
malignant immune-mediated hematologic diseases are themselves
chronic conditions driven by an already dysfunctional immune
system; (2) a patient’s individual characteristics, such as advanced
age (>65 years old), presence of preexisting comorbidities, poly-
pharmacy (ie, ≥5 medications used daily), and risk of drug-drug
interaction; the patient’s compliance with the immunosuppressive
therapy and dose adjustments; compliance and accessibility to
clinical and laboratorymonitoring; and a patient’s rapid response to
suspected infections; (3) specific immunosuppressive agents have
particular mechanisms of causing immunosuppression, leading to
an increased risk for infection with certain pathogens (eg, an-
timetabolites and risk for progressive multifocal leukoence-
phalopathy [PML]); and (4) higher risk for infection is seen in
combination immunosuppressive therapy as opposed to single-
agent therapy (Table 1).2-6 It is a challenge for the clinician to
estimate the contribution of each of these risk factors to the
overall infection risk because no study has addressed this
clinical issue.

With this inmind, the patient in our vignette canbe considered
as being high risk for infection based on the following risk factors:
age > 65 years, chronic lung disease with multiple hospitaliza-
tions, cognitive impairment, polypharmacy, a nonnegligible risk
for low adherence to medication, clinical/laboratory follow-up,
and rapid response to suspected infection given her social/
living situation; and a history of corticosteroid-induced side
effects that led the team to choose a longer course of lower-
dose oral corticosteroid.

Patient education and general recommendations
Preventing infectious complications in immunocompromised
hosts requires engagement of the patient, their family, and

Table 1. Factors associated with increased risk for infection

Variable Risk factors

Patient-related factors Age/functional status Older age (>65 y old), poor functional status (frail)

Medical history Preexisting comorbidities: chronic lung/liver disease, uncontrolled diabetes, severe malnutrition,
IV drug use, hematologic cancer or any cancer on active chemotherapy or radiation treatment,
chronic kidney disease on dialysis, asplenia, HIV/AIDS, primary immunodeficiencies, history of
infections while on immunosuppressive therapies

Socioeconomic status Travel, high-cost burden, poor family/caregiver support, cognitive impairment.

Therapy- and disease-
related factors

Regimen chosen Combination immunosuppressive therapy, high-cost burden

Length of treatment Long-term/maintenance immunosuppressive therapy to maintain response

Drug safety and side
effect profile

Poor drug tolerability, polypharmacy (caveat: drug-drug interaction), strong need for laboratory/
clinical monitoring while on treatment (eg, oral CP and risk for myelosuppression)

Time to treatment Shorter time from diagnosis to therapy (eg, patients with high disease burden) precluding
appropriate immunization administration and/or infectious disease screening

Dose response Higher doses needed to achieve disease response

Long-term efficacy Frequent relapses, refractory disease

Data are from Portielje et al,2 Ekstrand et al,3 Bouwman et al,4, Listing et al,5 and Fox et al.6
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caregivers. Patients and their close contacts must be empowered
and enabled to perform self-care in a way that minimizes
preventable harm. For example, the most cost-effective way
to prevent transmission of infections is hand hygiene.
Teaching patients to cleanse their hands and enabling family
members to help them perform this simple task can decrease
the load of pathogens responsible for infections.7 All mem-
bers of the household should avoid interaction with the pa-
tient when they are experiencing an infectious process.7

Patients should always be advised to seek prompt medical
attention during a febrile illness. Early management of animal
bites is critical in immunocompromised patients.8 For trav-
elers, the use of tick and mosquito repellents, netting while
sleeping, antimalarial prophylaxis when traveling to endemic
areas, and the advice from an infectious disease physician are
all recommended.9

All patients should adhere to their age-based immunization
schedule as per the Advisory Committee on Immunization
Practices guidelines, including annual viral influenza vaccine and
the herpes zoster vaccine for patients 50 years and older; the
recombinant herpes zoster vaccine (SHINGRIX) is preferred over
the live attenuated vaccine (Zostavax), as per Centers for Dis-
ease Control and Prevention (CDC) guidelines.10,11 The US Food
and Drug Administration (FDA) advises that the administration of
live or live attenuated vaccines is contraindicated in patients
receiving immunosuppressive therapy (eg, corticosteroids ≥

10 mg prednisone-equivalent dose [PEQ] daily or a cumulative
dose > 700 mg PEQ in 3 months) and that vaccination should be
deferred for ≥1 month after discontinuation of such therapy.
Killed or inactivated vaccines and toxoids may be administered;
however, the response to such vaccines cannot be predicted.10

HIV status should be known in any patient with a nonmalignant
immune-mediated hematologic disease.

Clinical challenges and best practices
Patients with nonmalignant immune-mediated hematologic
diseases may not adequately respond to first-line therapy; often,
no clear consensus exists as to when to stop first-line therapy
and what the optimal second-line therapy should be after first-
line treatment failure. This may lead to suboptimal management
approaches, including prolonged exposure to treatments that
may not be optimal for long-term use, such as corticosteroids,
which may fail to address symptoms and burden of disease and
worsen health-related quality of life.12

In this context, it is relevant that clinicians have a good un-
derstanding of available second-line treatments to ensure the
best use of therapeutic options and to avoid prolonged use of
corticosteroids. Overall familiarity of the clinician with the
therapy and rapidity of response appears to play a decisive role
in long-term management of patients with nonmalignant
immune-mediated hematologic diseases.13,14 The use of evi-
dence-based practice guidance and guidelines and/or con-
sulting a medical colleague expert in the field (eg, online tools
such as “You Make the Call” by the American Society of He-
matology) can be of help in challenging situations and can assist
in minimizing complications and optimizing patient outcomes.

Corticosteroids
Corticosteroids exert a complex quantitative and qualitative
immunosuppressive effect that induces cellular immunodefi-
ciency and, consequently, increased patient susceptibility to

infections. The three key corticosteroid effects leading to an
altered immunologic response against pathogens are (1) im-
paired opsonization and phagocytic function increasing the risk
for bacterial infections, (2) impaired T-cell migration and prolifer-
ation increasing the risk for mycobacterial, viral, and fungal infec-
tion, and (3) impaired eosinophilic proliferation with increased
apoptosis, resulting in an increased risk for parasitic infection.15

Even though corticosteroids are commonly used in the
management of various autoimmune diseases, little is known
about an individual patient’s risk for infection associated with
such treatment. A population-based cohort study using general
practice records in the United Kingdom compared all adults who
had been prescribed corticosteroidswith adults who had not been
prescribed them.16 Hazard ratios (HRs) were significantly higher
among corticosteroid recipients vs nonrecipients for cutaneous
cellulitis (2.21; 95% confidence interval [CI] .06-2.37), bloodstream
infection (HR, 3.96; 95% CI, 3.19-4.93), local candidiasis (HR, 4.93;
95% CI, 4.60-5.29), and lower respiratory tract infections (HR, 5.42;
95% CI, 5.23-5.61) (P < .001 for all comparisons).16

Current conclusions concerning corticosteroid-related in-
fection risk in nonmalignant immune-mediated hematologic
diseases are largely derived from studies of patients with
rheumatologic and inflammatory bowel diseases.17-20 Studies in
patients aged 66 years and older with rheumatoid arthritis (after
adjusting for disease severity, use of other immunosuppressive
agents, and comorbidities) found an increased risk for serious
bacterial infections with PEQ as low as 5 mg for 1 week (odds
ratio, 1.03-3.96), aswell as a dose-dependent (ie, >20mg PEQdaily)
and a duration-dependent (ie, > 5 mg PEQ chronically) stepwise
increase in the risk of serious bacterial infections (odds ratio, 2.0-
7.57).18,21,22 Likewise, in patients aged 66 years and older with in-
flammatorybowel disease, the useof corticosteroids alone resulted
in an estimated fivefold relative risk for bacterial infections, a
fourfold relative risk for other infections (eg, Strongyloides and
tuberculosis), and 1.5-fold risk for viral infections.20

Factors associated with an increased risk for infection with
systemic corticosteroids include age > 65 years; lower functional
status; preexisting comorbidities, such as diabetes mellitus, lung
disease (asthma, COPD), and malnutrition (low albumin); higher
corticosteroids doses (≥20mg PEQ daily), and longer duration of
corticosteroid therapy (≥4-8 weeks).16–18 Although the absolute
individual risk of infectious complications from corticosteroid
use remains fairly small, the burden is significant at a population
level because of the high frequency of corticosteroid use. Thus,
most practitioners eventually encounter these complications
during their career.

Although numerous opportunistic infections (eg, aspergil-
losis, nontuberculous mycobacterial disease, candidiasis, cryp-
tococcosis) have been reported with the use of systemic
corticosteroids, this section will focus on those for which data
are most solid and for which implementation of infection-
prevention strategies has demonstrated a lessening of their
appearance and/or minimization of further complications. A
summary of these infection complications and preventive
strategies is presented in Table 2.17,23-28

Pneumocystis jirovecii pneumonia
Pneumocystis jirovecii pneumonia (PJP) is 1 of the most common
causes of opportunistic lung infections in immunocompromised
patients.29 The available evidence about the association be-
tween PJP and corticosteroids is basically derived from case
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Table 2. Infectious complications and preventive strategies with the use of systemic corticosteroids

Pathogen Risk factors for infection Preventive strategy

PJP A. Corticosteroid dose ≥ 30 mg PEQ daily given for ≥4 wk
B. Corticosteroids ≥ 15 mg to <30 mg PEQ daily given for ≥8 wk uninterrupted or
in intermittent doses
C. Combination of medium-dose corticosteroids (ie, ≥15 mg to <30mg PEQ daily)
and CP (oral or IV pulses)
D. Corticosteroids ≥ 10 mg PEQ daily and ≥2 of the following: advanced age > 65
y, coexisting lung disease (eg, COPD, lung fibrosis), use of immunotherapeutics
(eg, rituximab, anti-TNF).

Antimicrobial prophylaxis:
• For all patients in (A) through (D), PJP prophylaxis is indicated.
• TMP/SMX, 1 single-strength tablet (80 mg of TMP and 400 mg of SMX)
daily, or TMP/SMX, 1 double-strength tablet 3 times weekly.
• If TMP/SMX intolerance or contraindicated, alternative therapies are
atovaquone, dapsone, or once-monthly nebulized pentamidine.
• For patients in (D), PJP prophylaxis should be continued until the
corticosteroid dose is ≤5 mg PEQ daily.

HZ (shingles) A. Advanced age > 60 y
B. Corticosteroid dose > 7.5 mg to 10 mg PEQ
C. History of recurrent shingles

Immunization:
• RZV (ie, SHINGRIX) preferred over ZVL (ie, Zostavax)
• Indicated in all adults aged ≥ 50 y, including thosewho received ZVL in the
past; had chickenpox or do not recall whether they had chickenpox; had
shingles, but not an active flare at the time of vaccination; and have chronic
comorbidities (eg, chronic renal failure, diabetes mellitus, autoimmune
diseases, COPD)
• In adults aged ≥ 50 y anticipating immunosuppression or currently on
immunosuppressive therapy, important considerations are to vaccinate
ideally ≥4 wk before treatment; okay in patients taking low-dose
immunosuppressive therapy (eg, <20 mg/d prednisone or equivalent, or
using inhaled or topical steroids, azathioprine,mycophenolatemofetil); and
okay in patients who have recovered from an immunocompromising illness
• Adults aged < 50 y: ACIP does not have a recommendation to administer
either zoster vaccine to people younger than 50 y. However, based on the
available evidence, clinicians may choose to administer a vaccine off-label,
if, in their clinical judgment, they think that the vaccine is indicated (eg,
history of shingles). The patient should be informed that the use is off-label
and that efficacy and safety of the vaccine have not been tested in people
younger than 50 y.
Antimicrobial prophylaxis:
• No evidence outside of the transplant setting exists on the use of antiviral
prophylaxis. However, it might be reasonable that patients with history of
recurrent shingles or heavily treatedwith immunosuppressive agent should
consider antiviral prophylaxis. Doses as low as 400 mg of acyclovir daily
have shown to an effective strategy in immunocompromised patients.

TB reactivation A. Corticosteroid dose < 15 mg PEQ daily has a 2.8-fold increased risk
B. Corticosteroid dose > 15 mg PEQ daily has a 7.7-fold increased risk

TB screening testing:
• Patients taking corticosteroids at a dose ≥ 10 mg PEQ daily for ≥4 wk
should be screened for latent TB using tuberculin skin test or interferon-γ
release assays; the latter is preferred in patients with altered T-cell function
(eg, HIV/AIDS), history of BCG immunization, and ongoing corticosteroid
therapy or other immunosuppressive agents
• If positive test, refer to an infectious disease specialist

Disseminated SS
hyperinfection
syndrome

A. Major risk factor is provenance/travel history: tourists, military, and immigrant
populations coming from high prevalence areas, such as Africa (Ghana, Zambia,
Gabon, Sudan), Asia (Thailand, Cambodia), Central America (Guatemala), and
South America (Peru, Venezuela, Brazil).
B. There are no clear data on the dosage or duration of corticosteroid therapy
that triggers the risk for severe strongyloidiasis.

SS screening testing:
• Given the available data, any patient coming from a high-risk area and
scheduled to start corticosteroids at a dose > 10-15 mg PEQ daily for ≥4 wk
should be screened with stool sample for ova and parasites and serum IgG
against SS.
Antimicrobial prophylaxis:
• Given the poor sensitivity and high cost of SS screening, empiric therapy
with ivermectin represents a safe and cost-effective approach in patients at
high-risk for severe strongyloidiasis (ie, peoplewalking barefoot in endemic
areas).

HBV reactivation A. High-dose corticosteroids (>20 mg PEQ daily) for >4 wk
B. Chronic (≥8 wk) medium-dose corticosteroids (10-20 mg PEQ daily)

HBV screening testing:
• Patients in (A) and (B) need hepatitis B screeningwith anti-HBc andHBsAg.
Results interpretation:
• Patients in (A) or (B) with positive anti-HBc and positive HBsAg have a high
risk for HBV reactivation (≥10% risk for reactivation).
• Patients in (A) with positive anti-HBc, but negative HBsAg, have a
moderate risk for HBV reactivation (1-10% risk of reactivation).
Antimicrobial prophylaxis:
• Patients with high risk for HBV reactivation require antiviral prophylaxis.
• For patients with moderate risk for HBV reactivation, 2 options are
available: preemptive therapy guided by serial HBV DNA monitoring, with
antiviral therapy initiated as soon as HBV DNA becomes detectable, and
routine prophylactic antiviral therapy.
• Entecavir or tenofovir is the preferred agent because of the low risk of
resistance.
• Infectious disease input is encouraged.

Data are from Youssef et al,17 Cavallasca et al,23 Dooling et al,24 Yun et al,25 Loomba and Liang,26 Katsuyama et al,27 and Center for Disease Control and
Prevention.28

ACIP, Advisory Committee on Immunization Practices; anti-HBc, anti–hepatitis B core antibody; anti-TNF, anti–tumor necrosis factor inhibitors; BCG,
bacillus Calmette-Guérin; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HZ, herpes zoster; IgG, immunoglobulin G; PJP, P jirovecii
pneumonia; RZV, recombinant zoster vaccine; SMX, sulfamethoxazole; SS, Strongyloides stercoralis; TB, tuberculosis; TMP, trimethoprim; ZVL, zoster
vaccine live.
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series and single-center studies.17,30,31 Although no guidelines
exist regarding what dose and duration of corticosteroids are
necessary to trigger PJP in patients with nonmalignant immune-
mediated hematologic diseases, the estimated incidence rate of
PJP in patients with rheumatologic diseases has been shown to
vary depending on the dose of corticosteroids used. For in-
stance, patients receiving low-dose corticosteroids (ie, ≤15 mg
PEQ daily) have an estimated 1-year incidence of 0.1 per 100
person-years, whereas those on moderate- and high-dose
corticosteroids have estimated incidences of 0.5 and 0.75 per
100 person-years, respectively.30,31

Based on the available data, a clinician should consider PJP
prophylaxis in patients at higher incidence for PJP, such as those
on (1) a corticosteroid dose ≥ 30 mg PEQ daily given
for ≥4 weeks, (2) a corticosteroid dose ≥ 15 mg to <30 mg PEQ
daily given for ≥8 weeks, either uninterrupted or in intermittent
doses, (3) a combination of medium-dose corticosteroids
(ie, ≥15 mg to <30 mg PEQ daily) and CP (oral or IV pulses), and
(4) corticosteroids ≥ 10 mg PEQ daily and ≥2 of the following:
age > 65 years, coexisting lung disease (eg, COPD, lung fibrosis),
or use of immunotherapeutics (eg, rituximab, anti–tumor ne-
crosis factor).17,30,31 Because better therapies than long-term
corticosteroids exist for the management of nonmalignant
immune-mediated hematologic diseases, initiation of PJP pro-
phylaxis at the time of diagnosis and initiation of corticosteroid
treatment are typically not needed. However, a clinician should
always assess a patient’s length of exposure and dose-
dependent disease response to corticosteroids at each clinic
visit and consider PJP prophylaxis if longer-term corticosteroid
therapy is being pursued.

PJP prophylaxis with trimethoprim (TMP)/sulfamethoxazole
(SMX) can be prescribed as 1 daily single-strength tablet (80 mg
of TMP, 400 mg of SMX) or 1 double-strength tablet 3 times
weekly. For patients who exhibit intolerance or contraindication
(eg, glomerular filtration rate < 15 mL/min) to TMP/SMX, alter-
native therapies are atovaquone (1500 mg daily), dapsone
(100 mg daily), or nebulized pentamidine (300 mg once
monthly).17,31 No societal or other formal recommendation exists
regarding the duration of prophylactic treatment. In our prac-
tice, we discontinue prophylaxis when the corticosteroid dose
is <10 mg PEQ daily.

Herpes zoster
Herpes zoster (HZ) is caused by reactivation of latent varicella-
zoster virus (VZV) in cranial nerve or dorsal root ganglia.25 Al-
though usually presenting as a painful vesicular rash with a
dermatomal distribution, immunocompromised individuals can
develop disseminated disease, with vesicles spreading beyond
the affected dermatome and the potential to affect other organs
producing pneumonia, encephalitis, hepatitis, and retinitis.25

The incidence rate of HZ in healthy individuals has been re-
ported to be 10.8 per 1000 person-years in people aged 60 to 69
years old and 6.7 per 1000 person-years in people aged 50 to 59
years.32,33 The risk for HZ associatedwith autoimmune conditions
has been estimated at ∼1.5-fold to twofold higher than corre-
sponding rates in healthy individuals, with a 2.37-fold increased
risk for HZ in those receiving corticosteroids.16,25 Although the
incidence of disseminated VZV infection in patients with non-
malignant immune-mediated hematologic diseases is unknown,
it has been reported that 10% to 40% of immunocompromised
individuals suffering from HZ could develop disseminated

disease.34,35 Disseminated HZ infection has a 5% to 10% fatality
rate.25 Fulminant visceral disseminated VZV infection without
skin involvement has been described in a patient with autoim-
mune hemolytic anemia.36

As previously discussed, all patients aged ≥50 years should
receive HZ immunization. However, current guidelines do not
address indications in immunocompromised patients with re-
gard to the novel recombinant vaccine and indications outside
of the approved age of ≥50 years.10 Age > 60 years and systemic
corticosteroid use > 7.5 to 10mg PEQdaily have been associated
with increased incidence and severity of HZ.17 However, young
adults with autoimmune diseases who are on immunosuppres-
sive therapy are an important group also at high risk.25 That said,
and based on the available evidence, clinicians may choose to
administer a vaccine off-label if, in their clinical judgment, the
vaccine could be indicated (eg, young patient with history of
shingles). The patient should be informed that the use is off-label
and that efficacy and safety of the vaccine have not been tested
in people younger than 50 years of age.

Finally, no evidence outside of the transplant setting exists on
the use of antiviral prophylaxis; however, it might be reasonable
to consider it in patients with history of shingles or patients
heavily treated with immunosuppressive agents. Doses of oral
acyclovir as low as 200 to 400 mg/d have shown effectiveness
in preventing VZV reactivation in immunocompromised
patients.37,38 Antiviral therapy should be initiated in all immu-
nocompromised patients with active HZ. Immunocompromised
hosts with disseminated zoster should be hospitalized for IV
therapy.

Tuberculosis reactivation
Patients with latent tuberculosis (TB) infection on corticoste-
roids are at risk for conversion to active disease. The limited data
available regarding the risk of TB reactivation with systemic
corticosteroids comes from patients with rheumatologic dis-
eases. Patients treated with <15 mg vs >15 mg PEQ daily have a
2.8-fold and 7.7-fold increased risk for TB reactivation, respec-
tively.39 Those with TB reactivation are more likely to have re-
ceived IV pulse-dose corticosteroids.40

The CDC recommends screening for latent TB infection in
those whomay need long-term immunosuppression (eg, ≥10mg
PEQ daily for >4 weeks).28 Latent TB infection screening should
be performed with a tuberculin skin test or serum interferon-γ
release assays; the latter is recommended in patients with al-
tered T-cell function (eg, HIV/AIDS), history of bacillus Calmette-
Guérin immunization, or ongoing immunosuppressive therapy.28

If a test is positive, the patient should be referred to an infectious
disease specialist for appropriate management.

Strongyloides stercoralis infection
Strongyloides stercoralis (SS) is an intestinal nematode partic-
ular in its ability to produce chronic infection through cycles of
autoinfection within the same host that can last for decades.41

Disseminated strongyloidiasis, or hyperinfection syndrome, is a
lethal condition in which the parasite spreads from the intestinal
tract to different organs causing septicemia and multiorgan
failure. Immunosuppressive states, such as those produced by
systemic corticosteroid use, are the major risk factor.41 A large
systemic review on severe strongyloidiasis reported that 67%
(163/244) of the cases occurred in patients on corticosteroid
therapy, with a mortality rate of 62.7%; however, only 8% had
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autoimmune diseases (rheumatoid arthritis and lupus), and the
study was not able to report the cumulative dosage and the
duration of the corticosteroid treatment.42 In the United States,
strongyloidiasis cases are seen in tourists, military, and immi-
grant populations coming from high-prevalence areas, such as
Africa (Ghana, Zambia, Gabon, Sudan), Asia (Thailand, Cambo-
dia), Central America (Guatemala), and South America (Peru,
Venezuela, Brazil).36

Although no guidelines exist on the prevention of SS infec-
tion, given the available data, any patient coming from
a high-risk area and scheduled to start a corticosteroid
dose > 10 to 15 mg PEQ daily for ≥4 weeks should be screened
with a stool sample for ova and parasites and serum immu-
noglobulin G against SS.42 In our practice, given the poor
sensitivity and high cost of SS screening, empiric therapy
with ivermectin represents a safe and cost-effective ap-
proach in patients at high risk for strongyloidiasis (ie, those
who have lived in areas of high incidence and endorse a
history of walking outside barefoot). Infectious disease input
in such patients is warranted.

Hepatitis B virus reactivation
Hepatitis B virus (HBV) reactivation is defined as a sudden and
rapid increase in HBV DNA level by ≥100-fold in patients with
previously detectable HBV DNA or the reappearance of HBV
DNA viremia in individuals who did not have viremia before the
initiation of immunosuppressive or biological therapies.26 The
timing of the onset and symptomatology of HBV reactivation is
variable and depends on the host’s immunity, underlying

disease, and the type of immunosuppressive therapy used.26

HBV reactivation may occur as early as 2 weeks from im-
munosuppressive therapy initiation or up to a year after the
cessation of immunosuppression. Symptoms vary from mild
constitutional symptoms, jaundice, abdominal pain and
nausea/vomiting to fulminant liver failure.26 The risk of HBV
reactivation can be divided broadly into high risk (rate of HBV
reactivation ≥ 10%), moderate risk (1-10% rate), and low risk
(<1% rate). This classification applies to those with positive
anti–hepatitis B core antibody (anti-HBc) with a positive (or
negative) hepatitis B surface antigen (HBsAg) and is based on
the type of immunosuppressive therapy used. For instance,
patients scheduled to receive chronic (≥8 weeks) medium-
dose corticosteroids (10-20 mg PEQ daily) or high-dose
corticosteroids (>20 mg PEQ daily) for ≥4 weeks are con-
sidered at high risk and should be screened for HBV.43 HBV
viral screening should consist of anti-HBc and HBsAg in
serum.

HBV prophylaxis is recommended to those with positive anti-
HBc and positive HBsAg receiving chronic medium-dose cor-
ticosteroids and to those with positive anti-HBc and positive
HBsAg receiving high-dose corticosteroids for ≥4 weeks
(Table 2).26 On the other hand, patients with positive anti-HBc
but negative HBsAg who are on high-dose corticosteroids are
classified as having a moderate risk for reactivation and require
careful monitoring.26 Antiviral drugs with a high barrier to re-
sistance (ie, entecavir or tenofovir) are recommended.43

Treatment with antivirals should be continued for ≥6 months
after discontinuation of corticosteroids.

Table 3. Infectious complications and preventive strategies with the use of AZA, MMF, cyclosporine, and CP

Drug Associated infection Preventive strategy

AZA/MMF Recognized association:
• Virus: JC virus, cytomegalovirus, VZV
Reported cases:
• Bacteria: Listeria, Mycobacterium spp.
• Viral: BK virus
• Fungi: Cryptococcus, Aspergillus, PJP
• Parasite: Toxoplasma

Clinical evaluation:
• In patients managed with antimetabolites and presenting with new-onset neurological
symptoms such as hemiparesis, apathy, confusion, cognitive deficiencies, ataxia, blurry
vision or loss of vision, severe otalgia or hearing loss, need evaluation for a neurotropic
infection (eg, PML, HZ reactivation, toxoplasmosis, Cryptococcus).
• Brain imaging and neurology consultation are recommended in those with neurologic
symptoms.
Immunization:
• HZ immunization is recommended and as stated in Table 2.

Cyclosporine Recognized association:
• Virus: cytomegalovirus in transplanted
patients
Reported cases:
• Bacteria: Gram-negative sepsis
• Virus: Herpes simplex, VZV

• No evidence outside of the transplant setting exists on the use of preventive strategies
to minimize opportunistic infections.

CP Recognized association:
• Infections associated with neutropenia
(common bacterial infection)
Reported cases:
• Bacterial: TB
• Fungal: PJP, Aspergillus
• Parasitic: SS

Laboratory testing:
• Routine blood cell counts. Therapy should not be administered to patients with an
absolute neutrophil count ≤ 1500/μL and/or platelets < 50000/μL.
Antimicrobial prophylaxis:
• Antimicrobial prophylaxis against bacterial, fungal, or viral infection might be
considered in certain cases of neutropenia and at the discretion of the managing
physician.
• In case of neutropenic fever, antibiotic therapy is indicated, as well as consideration for
growth factors, especially in patients considered to be at increased risk for neutropenia
complications (eg, elderly patients).
• PJP prophylaxis in patients treated with combination CP and moderate-dose
corticosteroids (ie, ≥15 mg to <30 mg PEQ daily). PJP prophylaxis can be discontinued
once PEQ ≤ 5 mg daily.

Data are from Gibson et al,47 Prometheus Laboratories Inc.,48 Roche Laboratories Inc.,49 Kim and Perfect,50 and Baxter.51

PML, progressive multifocal leukoencephalopathy.
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Clinical case continued
The patient was started on prednisone, 60 mg by mouth daily,
with a plan for a taper over 4 weeks. Prior to therapy, the patient
underwent HIV testing, as well as screenings for latent TB in-
fection with a serum interferon-γ release assay and HBV with
serum anti-HBc and HBsAg. Tests results were negative. The
patient stated that she had been vaccinated against shingles 2
years ago andwas told it waswith the new shingles vaccine. She
was started on TMP/SMX double-strength tablets 3 times
weekly for PJP prophylaxis. After 2 weeks on therapy, she had a
robust response, with a platelet count of 225000 per microliter.
However, after 2 weeks of being on a corticosteroid taper, she
returned to the clinic with 2 days of easy bruising while on 10mg
of prednisone. Her platelet count during that visit was 15000 per
microliter. Over the next year, she received rituximab with no
response, as well as trials of eltrombopag and romiplostim that
produced intermittent spikes in her platelet count but not a
sustained response. Splenectomy could not be performed be-
cause of her poor lung function. She remained dependent on
prednisone, 20 mg daily, to maintain a platelet count of 20000
to 30000 per microliter. Following the American Society of
Hematology 2019 evidence-based ITP management recom-
mendations that discourage the prolonged use of corticoste-
roids, a new regimen with mycophenolate mofetil (MMF),
500 mg by mouth twice daily, is planned.

Other immunosuppressive therapies
A range of immunosuppressive drugs (eg, azathioprine [AZA],
MMF, cyclosporine, and CP), drug combinations, and dosing
regimens are used to treat relapsed/refractory nonmalignant
immune-mediated hematologic diseases, all of which are off-
label for these disorders.13,44-46 A summary of recommendations
is presented in Table 3.47-51

Antimetabolites: AZA and MMF
Infectious complications reported with the use of antimetabo-
lites are bacterial (common bacteria and atypical bacterial in-
fections, including Listeria monocytogenes, Mycobacterium
spp.)52,53, fungal (Cryptococcus, Aspergillus, Mucor, PJP)47-49,
parasitic (Toxoplasma)54, and viral reactivation (disseminated
HZ, JC virus, polyomavirus-associated nephropathy-BK virus
infection).48,49 Although AZA and MMF carry a “black-box”
warning for the development of progressive multifocal leu-
koencephalopathy (PML), an opportunistic demyelinating dis-
ease caused by the JC virus, the exact incidence rate attributed
to these drugs is unknown.48,49 However, the incidence rate of
PML in patients with autoimmune diseases other than rheuma-
toid arthritis and lupus erythematous systemic who are on im-
munosuppressive therapy is estimated to be 2 per 100000
people.55 Hemiparesis, apathy, confusion, cognitive defi-
ciencies, and ataxia are the most frequent clinical features ob-
served in PML. Additionally, disseminated HZ infection has been
reported in patients treated with MMF outside of the transplant
setting.56,57

No specific recommendations are available for the preven-
tion of opportunistic infections with the use of antimetabolites.
The FDA recommends that a diagnosis of PML be considered in
any patient treated with AZA or MMF presenting with new-onset
neurological manifestations and to consider consultation with a
neurologist as clinically indicated.56,57 All immunosuppressive
drugs should be discontinued during an episode of infection.

Cyclosporine
Cyclosporine selectively impairs T-cell function, increasing a
patient’s risk for localized and/or generalized infections (viral,
bacterial, fungal, or parasitic).50 Evidence on the risk of infection
in nonmalignant immune-mediated hematologic patients is
lacking. A study of cyclosporine in psoriatic patients reported a
low risk for viral reactivation compared with transplanted pa-
tients.58 However, no head-to-head comparison on the safety of
cyclosporine vs other immunosuppressant (eg, antimetabolites)
has been reported. Correspondingly, no recommendations exist
on the prevention of opportunistic infections in patients with
nonmalignant immune-mediated hematologic disease treated
with cyclosporine.

Cyclophosphamide
CP is an alkylating agent that is capable of inducing DNA single-
strand breaks, thus preventing cells from dividing. CP is typically
administered IV in pulses or orally as a continuous treatment.13 A
common side effect is myelosuppression with leukopenia and
neutropenia, which may lead to serious and sometimes fatal in-
fections, including bacterial, fungal, viral, protozoal, and parasitic
infections. Bacterial pneumonia is a common infection (up to30%of
infections); however, fatal cases are uncommon. Serious infections
have been reported with CP in patients receiving concomitant
corticosteroids.23,51,59 No difference in the risk for infection has been
found in patients receiving IV vs oral CP.60

The FDA recommends routine blood cell counts in patients
treated with CP. CP should not be administered to patients with
absolute neutrophil count ≤ 1500 per microliter and/or platelet
count < 50000 per microliter. Antimicrobial prophylaxis might
be considered in certain cases of neutropenia and at the dis-
cretion of the managing physician. In case of neutropenic fever,
antibiotic therapy is indicated, as well as consideration for
growth factors, especially in patients considered to be at in-
creased risk for neutropenia complications (eg, patients
aged ≥66 years). Additionally, we recommend PJP prophylaxis in
patients treated with CP and moderate-dose corticosteroids
(ie, ≥15 mg to <30 mg PEQ daily). PJP prophylaxis can be dis-
continued once PEQ is ≤5 mg daily.59

Clinical case continued
The patient’s platelet count improved after 3 months on MMF
monotherapy. At this time, plan of care include monitoring for
any new-onset neurological manifestations (hemiparesis, apa-
thy, confusion, cognitive deficiencies, ataxia, blurry vision or loss
of vision, severe otalgia, or hearing loss), as well as any signs of
viral reactivation, such as skin manifestations from shingles.

COVID-19 and immunosuppressive therapy
The effect of the COVID-19 pandemic on medical care for
conditions such as nonmalignant hematologic diseases is diffi-
cult to quantify. There is limited evidence regarding the use of
immunosuppressive therapy (eg, corticosteroids) and the the-
oretical risk of increasing susceptibility to COVID-19 infection.
Similarly, the role of corticosteroids in mitigating COVID-19
hyperinflammatory syndrome remains controversial.

As of 30 June 2020, there are no data on the risk of COVID-19
infection and its consequences on clinical outcomes in patients
with nonmalignant immune-mediated hematologic diseases
who are undergoing immunosuppressive therapy with corti-
costeroids, antimetabolites, cyclosporine, and CP. The COVID-19
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Global Rheumatology Alliance Provider Registry houses data
on >1400 COVID-19 patients with inflammatory rheumatologic
diseases; preliminary data were released for 600 SARS-Cov-2+

patients.61 The use of ≥10 mg PEQ was associated with a more
severe COVID-19 disease course and increased risk for hospitali-
zation (odds ratio [OR], 2.05; 95% CI, 1.06-3.96; P = .03) com-
pared with lower corticosteroid doses (OR, 1.03; 95% CI,
0.64-1.66; P = .91). Conversely, the use of disease-modifying anti-
rheumatic drugs was associated with a lower hospitalization rate
(OR, 0.46; 95% CI, 0.22-0.93; P = .03). Age > 65 years (OR, 2.56;
95% CI, 1.62-4.04; P < .01) and common comorbidities, such as
hypertension and cardiovascular disease (OR, 1.86; 95% CI, 1.23-
2.81; P < .01), lung disease (OR, 2.48; 95% CI, 1.55-3.98; P < .01),
diabetes (OR, 2.61; 95%CI, 1.39-4.88; P < .01), and renal disease (OR,
3.02; 95% CI, 1.21-7.54; P = .02), were also linked to an increased
risk for hospitalization.61

On 8 June 2020, the RECOVERY (Randomized Evaluation of
COVid-19 thERapY) trial, an established randomized clinical trial
to test a range of potential treatments for COVID-19, reported
preliminary data on 2104 patients randomized to receive
dexamethasone, 6 mg once per day (bymouth or by IV injection)
for 10 days, vs 4321 patients randomized to usual care alone.62

Dexamethasone was associated with a lower death rate in
ventilated patients (29% vs 40.7%; rate ratio [RR], 0.65; 95% CI,
0.48-0.88; P = .0003), as well as a lower death rate in patients
receiving oxygen only without mechanical ventilation (21.5% vs
25%; RR, 0.80; 95%CI, 0.67-0.96; P = .0021). Therewas no benefit
among patients who did not require respiratory support (17% vs
13.2%; RR, 1.22; 95% CI, 0.86-1.75; P = .14).

Acknowledging the limitations of existing data and the fact
that empirical decision making might be necessary under the
current pandemic, the following are some recommendations to
consider when evaluating patients undergoing immunosup-
pressive therapy for a nonmalignant hematologic disease: (1)
patients on low-dose corticosteroids (ie, <10 mg PEQ daily)
might not need modification of their current regimen if their
hematologic disease is controlled; (2) in patients on higher
doses of corticosteroids (ie, >10 mg PEQ daily), consideration of
a more effective second-line therapy might allow for tapering
and, possibly, discontinuation of the corticosteroid; and (3) in
newly diagnosed patients with a nonmalignant hematologic
disease or for those experiencing disease relapse but known to
be responsive to corticosteroids, a short course of high-dose
corticosteroid therapy (1-5 days) might be reasonable to treat
the acute episode. In all cases, an approach based on individual
patient factors (eg, urgency of need for immunosuppressive
therapy, patient comorbidities, measures to minimize exposure
to SARS-Cov-2 infection) is highly encouraged. Lastly, pro-
spective studies are needed to better understand the impact of
COVID-19 on the management of patients with nonmalignant
hematologic diseases.

Conclusions
The use of immunosuppressive therapy in the management of
nonmalignant immune-mediated hematologic diseases car-
ries a risk for infection. Although the absolute risk for the
individual patient remains small, the burden of such compli-
cations at a population level can be significant because of the
frequent use of immunosuppressive agents in clinical prac-
tice. Patient education, immunization, laboratory screening,
and antimicrobial prophylaxis can diminish the risk. Adherence to

these preventive strategies is a key element to prevent infectious
complications.
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