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A B S T R A C T

Interleukin-6 (IL-6) is a pleiotropic cytokine with effects in immune regulation, inflammation, and infection. The
use of drugs that inhibit IL-6 biological activity has been proposed as a treatment for patients with Coronavirus
Disease 2019 (COVID-19). The rationale for this approach includes commitment to the concept that in-
flammation is a cause of lung damage in COVID-19 and belief that IL-6 is a pro-inflammatory molecule.
Observational data thought to support IL-6 inhibition include elevated circulating IL-6 levels in COVID-19 pa-
tients and association between elevated IL-6 and poor clinical outcomes. However, IL-6 has significant anti-
inflammatory properties, which calls into question the rationale for employing IL-6 blockade to suppress in-
flammation-induced tissue injury. Also, studies suggesting a beneficial role for IL-6 in the host response to
infection challenge the strategy of using IL-6 blockade to treat COVID-19. In studies of recombinant IL-6 injected
into human volunteers, IL-6 levels exceeding those measured in COVID-19 patients have been observed with no
pulmonary adverse events or other organ damage. These observations question the role of IL-6 as a contributing
factor in COVID-19. Clinical experience with IL-6 receptor antagonists such as tocilizumab demonstrates increase
in severe and opportunistic infections, raising concern about using tocilizumab and similar agents to treat
COVID-19. Trials of drugs to inhibit IL-6 activity in COVID-19 are ongoing and will shed light on the role of IL-6
in COVID-19 pathogenesis. However, until more information is available, providers should exercise caution in
prescribing these therapies given the potential for patient harm.

Introduction

Interleukin-6 (IL-6) is a pleiotropic cytokine with multiple effects in
immune regulation, inflammation, and infection [1]. The IL-6 family
includes leukemia inhibitory factor (LIF), ciliary neurotrophic factor
(CNTF), and oncostatin M, among others [2]. IL-6 binds a polypeptide
chain, the IL-6 receptor (IL-6R), which then associates with a mem-
brane glycoprotein, gp130, to initiate intracellular signaling through
the JAK-STAT and Ras-MAPK pathways [1,3]. Among its many effects,
IL-6 – originally known as B-cell stimulating factor-2 – induces acti-
vated B-cell differentiation into antibody-secreting plasma cells. Since
self-reacting antibodies are involved in the pathogenesis of some au-
toimmune conditions such as rheumatoid arthritis (RA) [4], there is
strong rationale for IL-6 blockade in these disorders.

Tocilizumab is a humanized anti-interleukin-6 receptor (anti-IL-6R)
antibody that reduces IL-6 biological activity by interfering with the
ability of IL-6 to engage cell surface IL-6 receptors. Tocilizumab has

shown efficacy in the treatment of RA, systemic juvenile idiopathic
arthritis (sJIA), and Castleman disease. Recently, tocilizumab has been
proposed as a therapy for Coronavirus Disease 2019 (COVID-19) [5].
The rationale for this proposal is the presumed role of excessive in-
flammation in COVID-19 pathogenesis and belief that IL-6 functions as
a pro-inflammatory molecule. There is also a statistical association
between elevated circulating IL-6 levels and death in patients with
COVID-19. However, numerous in vitro, in vivo, and clinical data sug-
gest IL-6 is a dubious target for COVID-19 therapy.

Hypothesis

We hypothesize that the use of IL-6 antagonists such as tocilizumab
and sarilumab for treatment of COVID-19 will be unsuccessful. A sub-
stantial body of evidence demonstrates anti-inflammatory (as opposed
to pro-inflammatory) properties for IL-6. Studies also demonstrate an
adaptive rather than pathological role for IL-6 in infection. Despite
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elevated levels of circulating IL-6 observed in patients with COVID-19,
similarly elevated IL-6 levels are observed in patients with autoimmune
diseases without associated acute pulmonary pathology or organ da-
mage. Clinical use of IL-6 antagonists and IL-6 receptor antagonists are
associated with increased risk for infections, and IL-6 blockade to treat
COVID-19 may thus lead to patient harm.

IL-6 as an anti-inflammatory cytokine

Though often described as a pro-inflammatory molecule, IL-6 has
shown anti-inflammatory effects in numerous studies dating back to the
1980s. In a study examining IL-6 effect on production of tumor necrosis
factor-α (TNF, the prototype pro-inflammatory cytokine), IL-6 sig-
nificantly reduced lipopolysaccharide (LPS)-induced release of TNF in
leukemia cell lines, reduced TNF release in human peripheral blood
mononuclear cells (PBMC), and suppressed LPS-induced TNF in mice
[6]. These experiments suggest anti-inflammatory function of IL-6.
Studies using intraperitoneal administration of endotoxin into IL-6
knock-out (KO) mice showed higher levels of pro-inflammatory cyto-
kines compared to mice with an intact IL-6 response, and KO mice
experienced increased mortality. This demonstrates anti-inflammatory
and anti-pathogen IL-6 function in vivo [7]. Recent data indicate an
inflammation-suppressing effect of IL-6 in lungs. A study comparing
wild-type (WT) and IL-6 KO mice showed that IL-6 KO mice exposed to
LPS were more susceptible to lung inflammation and injury compared
to WT animals [8]. These IL-6 KO mice given exogenous recombinant
IL-6 had less severe lung injury and less pulmonary edema than KO
mice not given recombinant IL-6 [8].

In humans, IL-6 induces production of established anti-in-
flammatory molecules. Human volunteers infused intravenously with
recombinant IL-6 demonstrated marked increase in blood levels of the
endogenous cytokine inhibitors IL-1 receptor antagonist (IL-1Ra) and
soluble TNF receptor p55 (TNFsRp55) [9]. In separate studies, IL-6
infusion into human volunteers did not result in production of TNFα or
IL-1β. Since TNFα and IL-1β are prototypical pro-inflammatory cyto-
kines, IL-6 does not appear to promote pro-inflammatory activity in
humans [10]. Together, these studies indicate IL-6 possesses significant
anti-inflammatory (not pro-inflammatory) effects.

IL-6 possesses antimicrobial activity

IL-6 has demonstrated a protective role in the host response to in-
fection. A study published in Nature showed IL-6 KO mice had impaired
response against vaccinia virus, with a 10–1000-fold increase in viral
titers in IL-6 deficient animals. These IL-6 KO mice also demonstrated
increased susceptibility to Listeria monocytogenes infection, possibly due
to reduced bactericidal activity of macrophages [11]. IL-6 KO mice
exposed to inhaled Streptococcus pneumoniae showed increased number
of pulmonary S. pneumoniae bacterial colonies and reduced survival
time relative to WT mice [12].

A study by Dienz, Rud, Eaton et al. examined the response of WT or
IL-6 KO mice to challenge with sublethal doses of H1N1 influenza virus;
WT mice recovered from the infection while IL-6-KO mice died [13].
Additional studies in IL-6 KO mice infected with influenza demon-
strated enhanced vascular permeability and severe occlusion of alveolar
airspaces compared to WT mice; this may represent enhanced acute
respiratory distress syndrome (ARDS) in the presence of IL-6 deficiency
[14]. These findings were corroborated by Yang, Wang, Yang et al.,
who showed that IL-6 KO mice infected with intranasal influenza A
virus had increased mortality, reduced survival times, higher histolo-
gical damage scores, and significantly higher viral loads compared to
WT mice [15]. They also showed IL-6 enhanced epithelial cell survival
and promoted migration and survival of macrophages.

Interestingly, a protective role for IL-6 has been shown in co-in-
fection with influenza virus and S. pneumoniae bacteria. Similar to
earlier studies, IL-6 was elevated during co-infection and was the most

prominent of all cytokines measured. Compared to WT mice, co-in-
fected IL-6 KO mice had higher S. pneumoniae bacterial loads, less
bacterial clearance, and more severe systemic spread of disease. More
serious pathologic changes were seen in IL-6 KO mice, including de-
creased epithelial barrier function and increased shedding of airway
epithelium [16]. Phagocytosis of S. pneumoniae was weakened in IL-6
KO mice, and treatment with exogenous IL-6 rescued macrophage
function. This study may be especially relevant in the present pan-
demic, since reports suggest co-infections with other pathogens may be
common in COVID-19 [17]. Together, these data highlight a critical
role for IL-6 in the host immune response to infection. This suggests
blocking IL-6 activity may diminish, not promote, host defense against
viral or bacterial lung infections.

Elevated blood levels OF IL-6 IN Covid-19 – IS that a Lot?

In the COVID-19 pandemic, elevated IL-6 levels in COVID-19 are
cited as evidence of cytokine storm, and association between increased
IL-6 and adverse outcomes provides rationale for use of IL-6 antagonists
[5,18–20]. In healthy human volunteers, mean levels of circulating IL-6
have been reported between 2 and 3 pg/mL [21]. In COVID-19, cir-
culating IL-6 levels between 16.4 pg/mL and 627.1 pg/mL were re-
ported in one study [5] and as a mean of 132.32 +/- 278.54 pg/mL in a
separate study [22]. A median of 6.98 pg/mL was reported in patients
with COVID-19 pneumonia and ARDS [23]. Levels of IL-6 have been
shown to correlate positively with mortality; in one study, survivors
had a median IL-6 level of 6.3 pg/mL compared to 11 pg/mL in non-
survivors [24]. A systematic review and meta-analysis of circulating IL-
6 concentrations in COVID-19 has been reported [25]. Nine studies
were included that contained between 21 and 552 subjects in each
study. Average (mean or median) IL-6 levels in the circulation are re-
ported in total cohorts or in subgroups with better or worse clinical
outcome. Average IL-6 levels ranged between 2.4 pg/mL-186 pg/mL
when considering subgroups or entire cohorts. Examining IL-6 levels in
the total cohorts showed six of the nine studies had average IL-6 le-
vels < 37 pg/mL, and two study average levels were 132.3 pg/mL and
186 pg/mL. Six studies with data permitting comparison between IL-6
and outcome showed a 2.9-fold increase in mean IL-6 in patients with a
complicated course compared to patients without a complicated course
(p < 0.001). A complicated clinical course was defined as hospitali-
zation, intensive care unit admission, development of acute respiratory
distress syndrome, invasive mechanical ventilation, renal replacement
therapy, or death. This report shows elevated circulating IL-6 con-
centrations in COVID-19 patients and association between elevated IL-6
levels and disease severity. While elevated IL-6 levels may have prog-
nostic value, correlation between elevated IL-6 and severity of illness
does not prove causation.

Perspective is needed when evaluating circulating levels of IL-6 in
COVID-19. Rheumatologic literature has shown circulating IL-6 levels
in autoimmune conditions well into and surpassing the range observed
in patients with COVID-19. A study by Shimamoto, Ito, Ozaki et al.
evaluating biomarker association with disease activity in RA patients
showed a mean IL-6 level of 51.52 +/- 17.08 pg/mL prior to treatment
[26]. Three patients had levels between 100 and 200 pg/mL while two
patients had levels between 300 and 500 pg/mL. These observations
have been corroborated, with mean IL-6 levels up to 124 pg/mL in some
RA cohorts [27]; a minority of patients had IL-6 levels well into the
mid-hundreds. Similar IL-6 levels have been reported in patients with
other autoimmune and rheumatologic conditions. In patients with anti-
neutrophil cytoplasmic antibody (ANCA)-associated vasculitis, a mean
IL-6 level of 51.96 pg/mL was measured [28]. In a study involving
patients with systemic lupus erythematosus (SLE), the mean IL-6 level
was 68.1 +/- 68.00 pg/mL [29]. None of these studies showing in-
creased IL-6 in patients with autoimmune diseases demonstrated asso-
ciation between IL-6 and acute pulmonary disease. There was also no
association with acute non-pulmonary organ malfunction. These data
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suggest circulating levels of IL-6 observed in patients with COVID-19 do
not contribute to acute lung pathology.

Upper limits of circulating IL-6 in COVID-19 infection are miniscule
compared to circulating IL-6 levels achieved after exogenous adminis-
tration of recombinant IL-6 into humans. Recombinant human IL-6 was
injected subcutaneously (sc) at 10 μg/kg into healthy volunteers in a
study of glucose metabolism. Two-and-a-half hours after IL-6 injection,
a mean IL-6 plasma concentration of 4,050 pg/mL was quantified [30].
A separate study in cancer patients given recombinant human IL-6 in-
jected by continuous intravenous infusion at 20 μg/kg/day resulted in
mean serum IL-6 levels of 3,000 pg/mL [10]. No adverse pulmonary
events were noted in any subjects in these studies, and no hypotension
or other severe effects were observed.

Although IL-6 levels in COVID-19 can be elevated beyond levels
observed in health, IL-6 concentrations in COVID-19 are often no higher
than IL-6 concentrations in patients with rheumatologic conditions such
as RA, SLE, or ANCA-associated vasculitis. Exogenous administration of
recombinant human IL-6 in human studies can achieve circulating IL-6
concentrations more than an order of magnitude above what is seen in
COVID-19, yet no study involving IL-6 injection into humans docu-
ments the acute lung injury, organ malfunction, or systemic sepsis re-
ported in COVID-19. Therefore, the severe pulmonary manifestations
and organ malfunction in COVID-19 are difficult to attribute to IL-6
biological activity.

IL-6 blockade in humans IS associated with increased risk of
infections

Blockade of IL-6 activity, whether occurring naturally or following
use of an IL-6 inhibiting drug, has been associated with increased risk of
infections. In patients with mutations in the IL-6 receptor (IL-6R), re-
current infections are reported that include skin and soft tissue infec-
tions, sinopulmonary infections (including bacterial pneumonias), and
systemic infections [31]. Similarly, a patient with endogenous neu-
tralizing autoantibodies against IL-6 suffered recurrences of staphylo-
coccal skin disease [32]. The use of tocilizumab in patients with RA and
other autoimmune diseases is associated with serious and opportunistic
infections in clinical trials; cumulative safety data suggest that infec-
tions are among the most common and serious adverse events. Cellulitis
and pneumonia are common manifestations, and bowel perforation is
also a risk [33–36]. This effect is not limited to IL-6 receptor antagonists
such as tocilizumab or sarilumab; a similar safety profile is observed in
patients treated with direct IL-6 inhibitors such as the IL-6-binding
monoclonal antibody olokizumab [37,38]. In addition, pharmacoki-
netic and pharmacodynamic studies report a half-life of up to twenty-
one days for tocilizumab, suggesting the risk for infection may persist
for weeks after administration [39,40].

Consistent with this risk, a recent review of critically ill adults with
COVID-19 admitted to the intensive care unit showed administration of
tocilizumab was associated with a higher incidence of secondary bac-
terial infections, including hospital acquired pneumonia and ventilator
associated pneumonia [41]. These clinical observations are an expected
consequence of the antimicrobial activities of IL-6 and challenge the
concept that IL-6 blockade can be employed to treat a serious infection
like COVID-19.

Discussion

Approaches to COVID-19 treatment are developing rapidly.
Numerous agents used in patients or proposed for use include hydro-
xychloroquine, azithromycin, nitazoxanide, lopinavir-ritonavir, re-
mdesivir, corticosteroids, and tocilizumab, among others. As data are
presented in the public domain – often without peer review given the
urgency of the crisis – providers should exercise caution when using
medications “off label” given the extensive side effect profile and
questionable efficacy of some of these agents. As an example, several

reports suggesting benefits of hydroxychloroquine were retracted or
were on retraction watch [42,43]. Subsequent larger and higher-quality
reports and publications showed no benefit of hydroxychloroquine in
COVID-19 and perhaps harm [44,43]. CDC guidelines now recommend
against its use, highlighting the danger of hasty adoption.

IL-6 blocking agents such as tocilizumab are at the forefront of ex-
panding literature on potential therapies for COVID-19 patients.
Although a pro-inflammatory “cytokine storm” is often invoked as a
rationale for blocking the IL-6 cytokine in COVID-19, IL-6 has sig-
nificant anti-inflammatory properties. This calls into question the ra-
tionale of using IL-6 antagonists as an inflammation-reducing therapy.
Studies also indicate IL-6 is crucial in the early host immune response to
infection, and thus it is not obvious IL-6 blockade is a sound strategy to
treat an infection. Elevated levels of circulating IL-6 in COVID-19 are
often no higher than levels observed in patients with autoimmune
diseases, and exogenous administration of extremely large doses of IL-6
has not resulted in serious adverse effects, raising doubt that IL-6 is a
causative cytokine in COVID-19 pulmonary or systemic injury. Finally,
clinical use of IL-6 antagonists in autoimmune conditions is associated
with increased risk of severe and opportunistic infections. This ob-
servation raises concern that IL-6 blockade, in addition to being un-
likely to benefit COVID-19 patients, may also prove harmful.

Healthcare providers worldwide are dedicating significant time and
effort to care for those affected by this novel and sometimes life-
threatening disease. Use of tocilizumab to treat COVID-19 is already
suggested in practice guidelines originating in China and Italy [25].
While these recommendations are well-intentioned and understandable
given the current lack of effective treatment specific to COVID-19, we
are concerned that clinicians will cite these guidelines as justification to
use IL-6 blocking drugs in COVID-19. Ongoing studies [45,46] will add
to the knowledge of IL-6 blockade and COVID-19 pathogenesis, and we
believe that “off label” use of these therapies for COVID-19 should
await scientifically credible, randomized controlled trials given the
potential for patient harm.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

SS wrote the manuscript with input from the other authors. AHM,
CFP, and LS provided valuable input and feedback which helped to
form the final manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.mehy.2020.110053.

References

[1] Kishimoto T. IL-6: from its discovery to clinical applications. Int Immunol
2010;22:347–52. https://doi.org/10.1093/intimm/dxq030.

[2] Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S. The pro- and anti-in-
flammatory properties of the cytokine interleukin-6. Biochimica et Biophysica Acta
(BBA) - Molecular. Cell Res 2011;1813:878–88. https://doi.org/10.1016/j.bbamcr.
2011.01.034.

[3] Taga T, Hibi M, Hirata Y, Yamasaki K, Yasukawa K, Matsuda T, et al. Interleukin-6
triggers the association of its receptor with a possible signal transducer, gp130. Cell
1989;58:573–81. https://doi.org/10.1016/0092-8674(89)90438-8.

[4] Tanaka T, Narazaki M, Ogata A, Kishimoto T. A new era for the treatment of in-
flammatory autoimmune diseases by interleukin-6 blockade strategy. Semin
Immunol 2014;26:88–96. https://doi.org/10.1016/j.smim.2014.01.009.

[5] Luo P, Liu Y, Qiu L, Liu X, Liu D, Li J. Tocilizumab treatment in COVID-19: a single
center experience. J Med Virol 2020. https://doi.org/10.1002/jmv.25801.

[6] Aderka D, Le JM, Vilcek J. IL-6 inhibits lipopolysaccharide-induced tumor necrosis

S. Scherger, et al. Medical Hypotheses 144 (2020) 110053

3

https://doi.org/10.1016/j.mehy.2020.110053
https://doi.org/10.1016/j.mehy.2020.110053
https://doi.org/10.1093/intimm/dxq030
https://doi.org/10.1016/j.bbamcr.2011.01.034
https://doi.org/10.1016/j.bbamcr.2011.01.034
https://doi.org/10.1016/0092-8674(89)90438-8
https://doi.org/10.1016/j.smim.2014.01.009
https://doi.org/10.1002/jmv.25801
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0030


factor production in cultured human monocytes, U937 cells, and in mice. J Immunol
1989;143:3517.

[7] Xing Z, Gauldie J, Cox G, Baumann H, Jordana M, Lei XF, et al. IL-6 is an antiin-
flammatory cytokine required for controlling local or systemic acute inflammatory
responses. J Clin Invest 1998;101:311–20. https://doi.org/10.1172/JCI1368.

[8] Voiriot G, Razazi K, Amsellem V, Tran Van Nhieu J, Abid S, Adnot S, et al.
Interleukin-6 displays lung anti-inflammatory properties and exerts protective he-
modynamic effects in a double-hit murine acute lung injury. Respir Res 2017;18:64.
https://doi.org/10.1186/s12931-017-0553-6.

[9] Tilg H, Dinarello CA. Interleukin-6 (IL-6) as an anti-inflammatory cytokine: in-
duction of circulating IL-1 receptor antagonist and soluble tumor necrosis factor
receptor p55. Blood 1994;83:113–8.

[10] van Gameren MM, Willemse HB, Mulder NH, Lirnburg PC, Groen HJM, Vellenga E,
et al. Effects of recombinant human interleukin-6 in cancer patients: a phase 1–11
study. Blood 1994;84:1434–41.

[11] Kopf M, Baumann H, Freer G, Freudenberg M, Lamers M, Kishimoto T, et al.
Impaired immune and acute-phase responses in interleukin-6-deficient mice. Nature
1994;368:339–42. https://doi.org/10.1038/368339a0.

[12] van der Poll T, Keogh CV, Guirao X, Buurman WA, Kopf M, Lowry SF. Interleukin-6
gene-deficient mice show impaired defense against pneumococcal pneumonia. J
Infect Dis 1997;176:439–44. https://doi.org/10.1086/514062.

[13] Dienz O, Rud JG, Eaton SM, Lanthier PA, Burg E, Drew A, et al. Essential role of IL-6
in protection against H1N1 influenza virus by promoting neutrophil survival in the
lung. Mucosal Immunol 2012;5:258–66. https://doi.org/10.1038/mi.2012.2.

[14] Lauder SN, Jones E, Smart K, Bloom A, Williams AS, Hindley JP, et al. Interleukin-6
limits influenza-induced inflammation and protects against fatal lung pathology:
Immunity to infection. Eur J Immunol 2013;43:2613–25. https://doi.org/10.1002/
eji.201243018.

[15] Yang M-L, Wang C-T, Yang S-J, Leu C-H, Chen S-H, Wu C-L, et al. IL-6 ameliorates
acute lung injury in influenza virus infection. Sci Rep 2017;7:43829. https://doi.
org/10.1038/srep43829.

[16] Gou X, Yuan J, Wang H, Wang X, Xiao J, Chen J, et al. IL-6 during influenza-
streptococcus pneumoniae co-infected pneumonia—a protector. Front Immunol
2020;10:3102. https://doi.org/10.3389/fimmu.2019.03102.

[17] Cox MJ, Loman N, Bogaert D, O’Grady J. Co-infections: potentially lethal and un-
explored in COVID-19. The Lancet Microbe 2020:S2666524720300094. doi: 10.
1016/S2666-5247(20)30009-4.

[18] Ahmadpoor P, Rostaing L. Why the immune system fails to mount an adaptive
immune response to a Covid -19 infection. Transpl Int 2020. https://doi.org/10.
1111/tri.13611.

[19] Lu C-C, Chen M-Y, Chang Y-L. Potential therapeutic agents against COVID-19: What
we know so far. J Chin Med Assoc 2020;1. https://doi.org/10.1097/JCMA.
0000000000000318.

[20] Zhang C, Wu Z, Li J-W, Zhao H, Wang G-Q. The cytokine release syndrome (CRS) of
severe COVID-19 and Interleukin-6 receptor (IL-6R) antagonist Tocilizumab may be
the key to reduce the mortality. Int J Antimicrob Agents 2020::105954https://doi.
org/10.1016/j.ijantimicag.2020.105954.

[21] Kim H, Kim H-S, Youn J-C, Shin E-C, Park S. Serum cytokine profiles in healthy
young and elderly population assessed using multiplexed bead-based im-
munoassays. J Transl Med 2011;9:113. https://doi.org/10.1186/1479-5876-9-113.

[22] Xu X, Han M, Li T, Sun W, Wang D, Fu B, et al. Effective treatment of severe COVID-
19 patients with tocilizumab. ChinaXiV 2020;26:12.

[23] Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Pneumonia in Wuhan, China. JAMA
Intern Med 2019;2020. https://doi.org/10.1001/jamainternmed.2020.0994.

[24] Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective co-
hort study. The Lancet 2020;395:1054–62. https://doi.org/10.1016/S0140-
6736(20)30566-3.

[25] Coomes EA, Haghbayan H. Interleukin-6 in COVID-19: a systematic review and
meta-analysis. Intensive Care and Critical Care Medicine 2020. https://doi.org/10.
1101/2020.03.30.20048058.

[26] Shimamoto K, Ito T, Ozaki Y, Amuro H, Tanaka A, Nishizawa T, et al. Serum in-
terleukin 6 before and after therapy with tocilizumab is a principal biomarker in
patients with rheumatoid arthritis. J Rheumatol 2013;40:1074–81. https://doi.org/
10.3899/jrheum.121389.

[27] Diaz-Torne C, Ortiz M dels A, Moya P, Hernandez MV, Reina D, Castellvi I, et al. The
combination of IL-6 and its soluble receptor is associated with the response of
rheumatoid arthritis patients to tocilizumab. Seminars in Arthritis and Rheumatism
2018;47:757–64. doi: 10.1016/j.semarthrit.2017.10.022.

[28] Berti A, Cavalli G, Campochiaro C, Guglielmi B, Baldissera E, Cappio S, et al.

Interleukin-6 in ANCA-associated vasculitis: Rationale for successful treatment with
tocilizumab. Semin Arthritis Rheum 2015;45:48–54. https://doi.org/10.1016/j.
semarthrit.2015.02.002.

[29] Umare V, Nadkarni A, Nadkar M, Rajadhyksha A, Khadilkar P, Ghosh K, et al. Do
high sensitivity C-reactive protein and serum interleukin-6 levels correlate with
disease activity in systemic lupus erythematosus patients? J Postgrad Med
2017;63:92. https://doi.org/10.4103/0022-3859.188550.

[30] Tsigos C, Papanicolaou DA, Kyrou I, Defensor R, Mitsiadis CS, Chrousos GP. Dose-
dependent effects of recombinant human interleukin-6 on glucose regulation. J Clin
Endocrinol Metab 1997;82:4167–70.

[31] Spencer S, Köstel Bal S, Egner W, Lango Allen H, Raza SI, Ma CA, et al. Loss of the
interleukin-6 receptor causes immunodeficiency, atopy, and abnormal in-
flammatory responses. J Exp Med 2019;216:1986–98. https://doi.org/10.1084/
jem.20190344.

[32] Puel A, Picard C, Lorrot M, Pons C, Chrabieh M, Lorenzo L, et al. Recurrent
Staphylococcal Cellulitis and subcutaneous abscesses in a child with autoantibodies
against IL-6. J Immunol 2008;180:647–54. https://doi.org/10.4049/jimmunol.180.
1.647.

[33] Schiff MH, Kremer JM, Jahreis A, Vernon E, Isaacs JD, van Vollenhoven RF.
Integrated safety in tocilizumab clinical trials. Arthritis Res Ther 2011;13:R141.
https://doi.org/10.1186/ar3455.

[34] Haraoui B, Casado G, Czirják L, Taylor A, Dong L, Button P, et al. Tocilizumab
patterns of use, effectiveness, and safety in patients with rheumatoid arthritis: final
results from a set of multi-national non-interventional studies. Rheumatol Ther
2019;6:231–43. https://doi.org/10.1007/s40744-019-0150-x.

[35] Khanna D, Denton CP, Lin CJF, van Laar JM, Frech TM, Anderson ME, et al. Safety
and efficacy of subcutaneous tocilizumab in systemic sclerosis: results from the
open-label period of a phase II randomised controlled trial (faSScinate). Ann Rheum
Dis 2018;77:212–20. https://doi.org/10.1136/annrheumdis-2017-211682.

[36] Rose-John S, Winthrop K, Calabrese L. The role of IL-6 in host defence against
infections: immunobiology and clinical implications. Nat Rev Rheumatol
2017;13:399–409. https://doi.org/10.1038/nrrheum.2017.83.

[37] Takeuchi T, Tanaka Y, Yamanaka H, Amano K, Nagamine R, Park W, et al. Efficacy
and safety of olokizumab in Asian patients with moderate-to-severe rheumatoid
arthritis, previously exposed to anti-TNF therapy: results from a randomized phase
II trial. Mod Rheumatol 2016;26:15–23. https://doi.org/10.3109/14397595.2015.
1074648.

[38] Genovese MC, Fleischmann R, Furst D, Janssen N, Carter J, Dasgupta B, et al.
Efficacy and safety of olokizumab in patients with rheumatoid arthritis with an
inadequate response to TNF inhibitor therapy: outcomes of a randomised Phase IIb
study. Ann Rheum Dis 2014;73:1607–15.

[39] Frey N, Grange S, Woodworth T. Population pharmacokinetic analysis of tocili-
zumab in patients with rheumatoid arthritis. J Clin Pharmacol 2010;50:754–66.
https://doi.org/10.1177/0091270009350623.

[40] Ternant D, Bejan-Angoulvant T, Passot C, Mulleman D, Paintaud G. Clinical phar-
macokinetics and pharmacodynamics of monoclonal antibodies approved to treat
rheumatoid arthritis. Clin Pharmacokinet 2015;54:1107–23. https://doi.org/10.
1007/s40262-015-0296-9.

[41] Kimmig LM, Wu D, Gold M, Pettit NN, Pitrak D, Mueller J, et al. IL6 inhibition in
critically ill COVID-19 patients is associated with increased secondary infections.
Intensive Care and Critical Care Medicine 2020. https://doi.org/10.1101/2020.05.
15.20103531.

[42] Gautret P, Lagier J-C, Parola P, Hoang VT, Meddeb L, Mailhe M, et al.
Hydroxychloroquine and azithromycin as a treatment of COVID- 19: results of an
open-label non-randomized clinical trial. Int J Antimicrob Agents
2020::105949https://doi.org/10.1016/j.ijantimicag.2020.105949.

[43] Mehra MR, Desai SS, Ruschitzka F, Patel AN. Hydroxychloroquine or chloroquine
with or without a macrolide for treatment of COVID-19: a multinational registry
analysis. The Lancet 2020:S0140673620311806. doi: 10.1016/S0140-6736(20)
31180-6.

[44] Rosenberg ES, Dufort EM, Udo T, Wilberschied LA, Kumar J, Tesoriero J, et al.
Association of treatment with hydroxychloroquine or azithromycin with in-hospital
mortality in patients with COVID-19 in New York State. JAMA 2020. https://doi.
org/10.1001/jama.2020.8630.

[45] Seto T. A Randomized, Controlled Clinical Trial of the Safety and Efficacy of
Tocilizumab for the Treatment of Severe COVID-19. clinicaltrials.gov; 2020.

[46] Genentech, Inc. A Randomized, Double-Blind, Placebo-Controlled, Multicenter
Study to Evaluate the Efficacy and Safety of Tocilizumab in Hospitalized Patients
With COVID-19 Pneumonia. clinicaltrials.gov; 2020.

S. Scherger, et al. Medical Hypotheses 144 (2020) 110053

4

http://refhub.elsevier.com/S0306-9877(20)31065-3/h0030
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0030
https://doi.org/10.1172/JCI1368
https://doi.org/10.1186/s12931-017-0553-6
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0045
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0045
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0045
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0050
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0050
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0050
https://doi.org/10.1038/368339a0
https://doi.org/10.1086/514062
https://doi.org/10.1038/mi.2012.2
https://doi.org/10.1002/eji.201243018
https://doi.org/10.1002/eji.201243018
https://doi.org/10.1038/srep43829
https://doi.org/10.1038/srep43829
https://doi.org/10.3389/fimmu.2019.03102
https://doi.org/10.1111/tri.13611
https://doi.org/10.1111/tri.13611
https://doi.org/10.1097/JCMA.0000000000000318
https://doi.org/10.1097/JCMA.0000000000000318
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1186/1479-5876-9-113
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0110
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0110
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1101/2020.03.30.20048058
https://doi.org/10.1101/2020.03.30.20048058
https://doi.org/10.3899/jrheum.121389
https://doi.org/10.3899/jrheum.121389
https://doi.org/10.1016/j.semarthrit.2015.02.002
https://doi.org/10.1016/j.semarthrit.2015.02.002
https://doi.org/10.4103/0022-3859.188550
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0150
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0150
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0150
https://doi.org/10.1084/jem.20190344
https://doi.org/10.1084/jem.20190344
https://doi.org/10.4049/jimmunol.180.1.647
https://doi.org/10.4049/jimmunol.180.1.647
https://doi.org/10.1186/ar3455
https://doi.org/10.1007/s40744-019-0150-x
https://doi.org/10.1136/annrheumdis-2017-211682
https://doi.org/10.1038/nrrheum.2017.83
https://doi.org/10.3109/14397595.2015.1074648
https://doi.org/10.3109/14397595.2015.1074648
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0190
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0190
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0190
http://refhub.elsevier.com/S0306-9877(20)31065-3/h0190
https://doi.org/10.1177/0091270009350623
https://doi.org/10.1007/s40262-015-0296-9
https://doi.org/10.1007/s40262-015-0296-9
https://doi.org/10.1101/2020.05.15.20103531
https://doi.org/10.1101/2020.05.15.20103531
https://doi.org/10.1016/j.ijantimicag.2020.105949
https://doi.org/10.1001/jama.2020.8630
https://doi.org/10.1001/jama.2020.8630

