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SUMMARY

Introduction: To date, only corticosteroids and inter-
leukin-6 (IL-6) inhibitors have been shown to reduce
mortality of hospitalized patients with COVID-19. In
this literature review, we aimed to summarize infec-
tion risk of IL inhibitors, with or without the use of
corticosteroids, used to treat hospitalized patients with
COVID-19.

Methods: A literature search was conducted using the
following evidence-based medicine reviews: Cochrane
Central Register of Controlled Trials; Cochrane Data-
base of Systematic Reviews; Embase; Ovid Medline;
and Epub Ahead of Print, In-Process, In-Data-Review
& Other Non-Indexed Citations, Daily and Versions
1946 to April 28, 2021. All relevant articles were identi-

fied using the search terms COVID-19 or SARS-coro-
navirus-2, infections, interleukins, inpatients, adults, and
incidence.

Results: We identified 36 studies of which 2 were meta-
analyses, 5 were randomized controlled trials, 9 were
prospective studies, and 20 were retrospective studies.
When anakinra was compared with control, 2 studies
reported an increased risk of infection, and 3 studies
reported a similar or decreased incidence of infection.
Canakinumab had a lower associated incidence of in-
fection compared with placebo in one study. When sari-
lumab was compared with placebo, one study reported
an increased risk of infection. Nine studies comparing
tocilizumab with placebo reported decreased or no dif-
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ference in infection risk (odds ratio [OR] for the stud-
ies ranged from 0.39-1.21). Fourteen studies comparing
tocilizumab with placebo reported an increased risk of
infection, ranging from 9.1% to 63.0% (OR for the stud-
ies ranged from 1.85-5.04). Infection most commonly
presented as bacteremia. Of the 6 studies comparing
tocilizumab and corticosteroid use with placebo, 4 re-
ported a nonsignificant increase toward corticosteroids
being associated with bacterial infections (OR ranged

B INTRODUCTION

ARS-CoV-2 was first identified in late 2019 as

a cause of acute respiratory illness in Wuhan,
China [1]. In February 2020, the World Health
Organization (WHO) termed the viral disease
COVID-19 for coronavirus disease 2019 [2]. Since
then, more than 184 million confirmed cases have
been identified globally (July 8, 2021). Patients
are at increased risk of spreading the infection in
the early stages of illness, even before symptom
onset, which has led to substantial morbidity and
mortality. Patients admitted to the intensive care
unit (ICU) have been reported to have an especial-
ly high mortality rate, prompting trials of several
investigational agents as treatments and chang-
ing practice patterns as evidence accumulates in
real time [3]. Key management strategies so far
include supportive care, therapy directed at viral
replication, and immune-modulatory therapy.
Interleukin (IL) inhibitors and antagonists are
biologic agents now being used off label to treat
COVID-19 based on their use in treating other dis-
eases. However, they have been associated with
adverse events. When tocilizumab was used for
rheumatologic conditions, 6 to 10 serious infec-
tions per 100 patient-years were reported [4]. The
rates of infection per patient-year were similar
when siltuximab was used to treat patients with
non-Hodgkin lymphoma (5.2), Castleman disease
(1.9), or multiple myeloma (1.8) [5]. Serious infec-
tions were also noted in a large, multicenter pla-
cebo-controlled trial of patients with rheumatoid
arthritis treated with anakinra (2.1% vs 0.4%) [6].
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from 2.76-3.8), and 2 studies reported no increased as-
sociation with a higher infection risk.

Conclusions: Our literature review showed mixed re-
sults with variable significance for the association of
IL-6 inhibitors with risk of infections in patients with
COVID-19.

Keywords: Corticosteroid, COVID-19, cytokine storm,
infection, interleukin inhibitor.

We were unable to find any data about the infec-
tion incidence associated with sarilumab in treat-
ment of non-COVID-19 disease. The risk of sec-
ondary infection for patients with COVID-19 after
treatment with IL inhibitors is not well described.
Therefore, for this review, we aimed to determine
whether an increase in infection risk occurred for
hospitalized patients with COVID-19 treated with
IL inhibitors, with or without the use of cortico-
steroids.

H METHODS

A literature search was conducted using the fol-
lowing evidence-based medicine reviews: Co-
chrane Central Register of Controlled Trials
March 2021; Cochrane Database of Systematic
Reviews 2005 to April 28, 2021; Embase 1974 to
April 28, 2021; Ovid Medline; and Epub Ahead of
Print, In-Process, In-Data-Review & Other Non-
Indexed Citations, Daily and Versions 1946 to
April 28, 2021. All relevant articles were identified
by using the following search terms: coronavirus
disease 2019, COVID-19, SARS-coronavirus-2,
infections, interleukins, inpatients, adults, and
incidence. The literature search was limited to
English language and studies involving humans.
We excluded review articles, case reports, opinion
articles, letters, abstracts, and brief reports. We
also reviewed references of the identified articles
to find additional relevant studies. All studies
were imported into Endnote X9 (Clarivate Ana-
lytics), and duplicate articles were identified and
removed (Figure 1).

Pathophysiology

SARS-CoV-2 enters the human body via interac-
tion with angiotensin-converting enzyme 2 (ACE-
2) receptors and releases its RNA inside epithelial
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cells, where it replicates. From the nasal epithe-
lial cells, SARS-CoV-2 spreads to the alveoli of
the lungs [7]. Endothelial injury is a key conse-
quential pathologic event, leading to multiorgan
failure. Compromise of vascular integrity of the
alveoli results in pulmonary edema, disseminated
intravascular coagulation, pulmonary ischemia,
hypoxic respiratory failure, and progressive lung
damage [8]. After SARS-CoV-2 invades epithelial
cells by binding with ACE-2 receptors, localized
inflammation, endothelial activation, tissue dam-
age, and dysregulated cytokine release begins.

Cytokine storm starts with secretion of vascular
endothelial growth factor, monocyte chemoat-
tractant protein-1, IL-1, IL-2, IL-6, IL-8, IL-10, tu-
mor necrosis factor-o, interferon-y, and reduced
E-cadherin expression on epithelial cells [9-11].
High levels of cytokines potentiate inflammation,
epithelial and endothelial cell dysfunction, vaso-
dilation of the capillary bed resulting in acute re-
spiratory distress syndrome (ARDS), multiorgan
failure, and death. Increased levels of cytokines
and chemokines are associated with severity of
COVID-19. Therapeutic interventions to normal-

ize the vasculature include use of anti-inflam-
matory drugs, ACE inhibitors, and anti-cytokine
drugs [12]. Cytokine inhibitors are being used to
contain the cytokine storm effectively [12].

IL inhibitor use in the treatment of COVID-19
The IL inhibitors tocilizumab, sarilumab, siltux-
imab, canakinumab, and anakinra have been used
to treat COVID-19. Tocilizumab and sarilumab
are classified as IL-6 receptor antagonists, and sil-
tuximab is a direct IL-6 inhibitor. Anakinra and
canakinumab are IL-1 receptor antagonists. Care
should be taken to avoid beginning immunosup-
pressive biologic therapy for patients with active
infection, and therapy should be discontinued if a
serious infection develops with its use. Recrudes-
cence of latent tuberculosis or other opportunistic
infections is a known adverse effect with immu-
nosuppressive biologic drugs [13].

From our search, we identified 36 studies describ-
ing the use of IL inhibitors for patients with COV-
ID-19: 2 meta-analyses, 5 randomized controlled
trials, 9 prospective studies, and 20 retrospec-
tive studies. When more than 1 IL inhibitor was

395 Records screened
365 Records identified through database searching
(Cochrane, Embase, Ovid Medline, Epub)
30 Additional records identified through other
sources

Figure 1 - Flow diagram show-
ing the strategy for articles
included in the review.

105 Articles excluded: duplicates or not pertinent
for IL-6 and COVID-19 eligibility

290 Full-text articles assessed
for eligibility

86 Full-text articles excluded: case reports,
abstracts, letters to the editor, narrative reviews

204 Full-text articles assessed
for inclusion of infection
data

infections

151 Articles excluded that did not include data for

17 Articles contained data for infection associated
with conditions other than COVID-19

36 Studies included for
qualitative synthesis
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included in a study, it was described in the out-
come section where it was most appropriate. We
also included the relevant studies that described
infections associated with IL inhibitor use in con-
ditions other than COVID-19.

Tocilizumab

Tocilizumab is an IL-6 receptor antagonist used as
a disease-modifying antirheumatic drug. By act-
ing as an inhibitor to IL-6 receptors, tocilizumab
reduces cytokines and acute-phase reactant pro-
duction and pauses or calms the immunologic re-
sponse, thereby making the diagnosis of second-
ary infection difficult [14]. Labeled indications are
rheumatoid arthritis, giant cell arteritis, systemic
and polyarticular juvenile idiopathic arthritis,
and systemic sclerosis—associated interstitial lung
disease. Severe and potentially lethal cytokine-re-
lease syndrome and COVID-19 infection are off-
label indications of tocilizumab.

The Infectious Diseases Society of America sug-
gested adding tocilizumab to the corticosteroid
regimen for hospitalized patients with severe or
critical COVID-19 and increased inflammatory
markers [15]. Patients with an oxygen satura-
tion less than 92% on room air and a C-reactive
protein level greater than 75 mg/L who required
high-flow oxygen and noninvasive or invasive
mechanical ventilation in the past 24 hours were
considered to have severe or critical COVID-19
infection.

Clinical data

Most recently, the WHO Rapid Evidence Ap-
praisal for COVID-19 Therapies (REACT) work-
ing group conducted a prospective meta-analysis
of 10,930 patients participating in 27 clinical trials.
The meta-analysis identified a lower 28-day, all-
cause mortality of 22% for patients treated with
IL-6 receptor antagonists compared with 25% in
a placebo group (odds ratio [OR], 0.83 [95% CI,
0.74-0.92]; p<.001 for tocilizumab and OR, 1.08
[95% CI, 0.86-1.36]; p=.52 for sarilumab) [16]. Re-
sults from 2 large prospective randomized con-
trolled trials showed similar mortality benefits
of tocilizumab: the Randomized Evaluation of
COVID-19 Therapy (RECOVERY) trial and the
Randomized, Embedded, Multifactorial Adaptive
Platform Trial for Community-Acquired Pneumo-
nia (REMAP-CAP) trial with tocilizumab [17, 18].
The REMAP-CAP trial showed a mortality benefit

from tocilizumab (27%) vs a control group (36%)
(adjusted OR for survival, 1.64 [95% CI, 1.14-
2.35]). Sarilumab was also shown to improve sur-
vival in the REMAP-CAP trial [18,19]. Similarly,
the RECOVERY trial showed a mortality benefit
from tocilizumab: 29% for the tocilizumab group
vs 33% for the control group (OR, 0.86 [95% CI,
0.77-0.96]) [17].

A meta-analysis of 8 randomized controlled trials
involving 6,311 hospitalized patients with CO-
VID-19 given tocilizumab suggested benefits for
mortality and the need for mechanical ventilation
when the tocilizumab group was compared with
placebo or standard therapy [20]. However, sever-
al other trials did not identify a mortality benefit
or other clear clinical benefit with tocilizumab or
sarilumab [21-27].

Secondary infection was defined as any positive
culture for bacterial or fungal organisms from
blood or other sterile sites [28]. In patients with
critical disease and a poor prognosis, more bacte-
remia and secondary infections were noted with
the use of an IL inhibitor [29-33]. It is unclear
whether the increase in infection risk was due to
the advanced stage of the disease and underlying
comorbid conditions potentiated by the use of IL
inhibitors or by the IL inhibitors themselves.

The most recent evidence of secondary infection
occurring by 28 days was published in a WHO-
conducted meta-analysis and showed increased
risk of infection for patients treated with IL-6
antagonists compared with patients treated with
placebo or standard care [16]. A meta-analysis
conducted by Han et al. showed increased risk of
infection with the use of IL-6 antagonists in pa-
tients with critical disease [34]. No such increase
was noted for severe disease. No statistical signif-
icance was shown for the overall risk of second-
ary infection with the use of IL-6 antagonists in
patients with critical or severe COVID-19 disease.
Two randomized controlled trials conducted by
Rosas et al. and Stone et al. showed fewer in-
fections in a group given tocilizumab than in a
control group [22, 24]. Several prospective and
retrospective studies showed a non-significant
increased risk of infection with the use of tocili-
zumab in critically ill patients with COVID-19
with or without the need for mechanical ventila-
tion [34-38]. The most common presentation was
bloodstream infection followed by bacterial pneu-
monia. Gram-positive bacteremia occurred more
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often than Gram-negative bacteremia, fungemia,
or viremia. Staphylococcus aureus was the caus-
ative organism in about 50% of patients with bac-
terial pneumonia [29]. When used in conjunction
with tocilizumab, corticosteroids were associated
with a nonsignificant increase in infection in criti-
cally ill patients with COVID-19 [39].

In larger retrospective studies conducted by
Guaraldi et al. and Gupta et al., secondary in-
fections occurred more often in the tocilizumab
group than the placebo group (p<.001) [32, 33].
Pettit et al. reported more late-onset infections
(more than 48 hours) in a tocilizumab group than
a placebo group (p=.01) [40]. Rodriguez-Bano et al.
reported that the use of corticosteroids in a pulsed
dose, in an intermittent high dose, or in combi-
nation with tocilizumab did not increase the risk
of secondary infections [36]. In a large retrospec-
tive study of 1,565 hospitalized patients with CO-
VID-19, Kumar et al. reported significantly more
health care-associated infections after treatment
with tocilizumab (p<.001) and corticosteroids
(p=.007) [41]. Nine studies comparing tocilizumab
with controls showed decreased or no difference
in risk of secondary infections, and 15 studies
reported an increased risk of infections ranging
from 9.1% to 63.0%, with the most common infec-
tion presentation reported as bacteremia followed
by pneumonia and urinary tract infection [16, 22,
24, 28, 29, 31-41, 42-49]. Of 6 studies comparing
tocilizumab and corticosteroid use with a control
group, 4 studies showed corticosteroid treatment
to be associated with a nonsignificant increase in
bacterial infections, and 2 studies showed no in-
creased risk of infection [30, 36, 39, 41, 47].

Data for infection risk were similar when tocili-
zumab was used to treat patients with rheuma-
tologic conditions along with methotrexate. In a
multicenter, randomized placebo-controlled trial
of 499 patients with rheumatoid arthritis, the rate
of serious infections with high-dose tocilizumab
(8 mg/kg), low-dose tocilizumab (4 mg/kg), and
placebo were 4.6%, 1.8%, and 3.1% respectively
[4]. Thus, serious infections occurred more often
after patients were treated with high-dose tocili-
zumab for COVID-19 or other conditions.

Sarilumab

IL-6 is produced by inflammatory stimuli. Sarilum-
ab is an IL-6 receptor antagonist that is a monoclo-
nal antibody and disease-modifying antirheumatic

drug that is indicated by label to treat rheumatoid
arthritis [50]. The most common serious infections
after treatment with sarilumab are pneumonia,
urinary tract infection, and cellulitis; opportunistic
infections like tuberculosis, candidiasis, and pneu-
mocystis have also been reported [51].

Della-Torre et al. conducted an open-label obser-
vational prospective study of 56 patients with
COVID-19 and severe pneumonia, which showed
sarilumab to have an associated infection rate of
21% compared with an infection rate of 18% for
control patients [52]. In an observational study
of 255 patients with COVID-19 and pneumonia,
34 (13.3%) patients who received sarilumab or
tocilizumab had secondary bacterial infections
more than 48 hours after receiving the IL-6 inhibi-
tor [53]. Four (11.8%) of these patients eventually
died. Secondary infections occurred with an OR
of 0.77 (95% CI, 0.39-1.58) and were not related to
a higher risk of mortality (OR, 1.09 [95% CI, 0.36-
3.38]) or a lower rate of discharge (OR, 0.76 [95%
CI, 0.29-1.99]).

Siltuximab

Siltuximab is an IL-6 inhibitor, chimeric monoclo-
nal antibody, and an antineoplastic agent. Siltux-
imab binds with IL-6 and stops it from attaching
to IL-6 receptors. The labeled indication for siltux-
imab is multicentric HIV and human herpesvirus
8-negative Castleman disease [54]. In a phase I
study that enrolled 67 patients with non-Hodgkin
lymphoma, Castleman disease, or multiple my-
eloma, patients received siltuximab at 3, 6, 9, or
12 mg/kg weekly, every 2 to 3 weeks [5]. Of the
patients, 44 (66%) had all-grade adverse infection
events. Per patient-year, the infection event rate
was 5.2 for non-Hodgkin lymphoma, 1.9 for Cas-
tleman disease, and 1.8 for multiple myeloma. The
all-grade infection event rate per patient-year was
2.1 for all treated patients. The most common infec-
tions were upper respiratory tract (39%); urinary
tract (16%); ear (6%), nose (7%), and throat (6%-
12%); and cellulitis (9%). We did not identify any
studies about the use of siltuximab and its associa-
tion with infection for patients with COVID-19.

Anakinra

Anakinra is an IL-1 receptor antagonist used as
a disease-modifying antirheumatic drug. Any
inflammation incites IL-1 production and var-
ied immunologic reactions. Anakinra halts the
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immunologic response. Labeled indications for
anakinra are rheumatoid arthritis, deficiency of
IL-1 receptor antagonists, and neonatal onset-
multisystem inflammatory disease [55]. Off-label
adult indications are acute gout flares, recurrent
pericarditis, and familial Mediterranean fever. A
39% overall infection incidence was reported for
anakinra use, mostly manifesting as pneumonia,
bone and/or joint infections, and cellulitis for pa-
tients with rheumatoid arthritis [56]. In a large,
multicenter, international placebo-controlled tri-
al, serious infections occurred at a higher rate in
the anakinra group for patients with rheumatoid
arthritis (2.1% vs 0.4%) [6]. The study enrolled
1,414 patients who were randomly assigned to a
daily, 100-mg injection of anakinra or placebo ad-
ministered subcutaneously.

Anakinra has more recently been used to treat
COVID-19. In a prospective, open-label, inter-
ventional study of 69 hospitalized patients with
severe COVID-19 pneumonia, Balkhair et al.
showed that anakinra decreased bloodstream in-
fections from 18% for control patients to 11% for
patients treated with anakinra (p=.46) [57]. Re-
sults of a prospective cohort study of 60 intubat-
ed patients with COVID-19 pneumonia showed
that 7 patients (33%) who received anakinra de-
veloped a secondary infection in the first 28 days
compared with 9 patients (23%) in the control
group (p=.54) [58]. Similarly, in a retrospective
cohort study of 52 patients with COVID-19 with
moderate to severe ARDS who were treated with
noninvasive ventilation outside of an ICU, bac-
teremia (Staphylococcus epidermidis) developed
in 4 of 29 patients (14%) treated with high-dose
anakinra (5 mg/kg intravenous twice daily)
compared with 2 of 16 patients (13%) not treated
with anakinra. Not enough data were available
for 7 patients who received low-dose subcutane-
ous anakinra (100 mg twice daily) to make mean-
ingful conclusions [59].

The SAVE-MORE study (suPAR-Guided Anakin-
ra Treatment for Validation of the Risk and Early
Management of Severe Respiratory Failure by
COVID-19) is a crucial phase 3, double-blind,
randomized, controlled multicenter trial that as-
sessed the effectiveness and safety of early ad-
ministration of anakinra therapy for hospitalized
patients with moderate or severe COVID-19. Of
594 patients in an intention-to-treat cohort, infec-
tions were identified less in the anakinra group

than in the placebo group (34/405 [8.4%] vs
30/189 [15.9%]; p=.01). Commonly observed in-
fections were ventilator-associated pneumonia
(9/405 [2.2%] vs 15/189 [7.9%]; p=.003); septic
shock and multiple organ dysfunction (6/405
[1.5%] vs 7/189 [3.7%]; p=.13) and bacteremia
(12/405 [3.0%] vs 6/189 [3.2%]; p=1.00) in the
anakinra and placebo groups, respectively. A low-
er incidence of infections, which reached statisti-
cal significance, was reported for patients treated
with anakinra [60].

CORIMUNO-19 (Cohort Multiple Randomized
Controlled Trials Open-Label of Immune Modu-
latory Drugs and Other Treatments in COVID-19
Patients) is an open-label, multicenter, random-
ized controlled trial that was conducted in France
and enrolled 114 patients with mild to moderate
COVID-19 pneumonia. The CORIMUNO-19 col-
laborative group reported a higher incidence of
bacterial (10/59) and fungal sepsis (1/59) in the
anakinra group vs the usual-care group, which
had only bacterial sepsis (4/55; p=.099) [61].

For studies comparing anakinra with placebo,
2 showed an increased risk of infections, and 3
showed a similar, decreased incidence of infec-
tions [57-61]. Thus, a nonsignificant association
of anakinra and increased infection was shown
for patients with COVID-19 and with other non-
COVID-19 conditions, such as rheumatologic dis-
ease.

Canakinumab

Canakinumab, like anakinra, is an IL-1 antagonist
that was compared with placebo in a randomized,
double-blind, placebo-controlled multicenter trial
that enrolled 448 patients with COVID-19 pneu-
monia. The results favored canakinumab over
placebo for pneumonia (6/225 [2.7%] vs 7/223
[3.1%]), infections (23/225 [10.2%] vs 43/223
[19.3%]), and serious infections (11/225 [4.9%] vs
21/223 [9.4%]) [62].

Limitations

We excluded case reports, abstracts, letters to
the editor, and narrative reviews from our study,
which may have contributed to the further under-
standing of the association of infection with IL in-
hibitor use for patients with COVID-19. Although
it would have been ideal to include data for both
efficacy and infection incidence with use of IL in-
hibitors in treating COVID-19, given the size and
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complexity of the presentation, we only included
infection risk in this review.

B CONCLUSIONS

We found mixed results and varied significance
for an association between IL inhibitors and in-
creased risk of infection for patients with COV-
ID-19. Well-designed, large, prospective random-
ized controlled trials and/or meta-analyses, as
evidence accumulates, will be required to delin-
eate any true association.
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