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Abstract

Recurrences of COVID-19 were observed in a patient with long-term usage of hydroxychloroquine, leflunomide, and glucocor-

ticoids due to her 30-year history of rheumatoid arthritis (RA). Tocilizumab was applied and intended to target both COVID-19

and RA. However, disease of this patient aggravated after usage of tocilizumab. After the discussion of a multiple disciplinary

team (MDT) including rheumatologists, antimicrobial treatments were applied to target the potential opportunistic infections

(Pneumocystis jirovecii and Aspergillus fumigatus), which were authenticated several days later via high throughput sequencing.

As an important cytokine in immune responses, IL-6 can be a double-edged sword: interference in the IL-6-IL-6 receptor

signaling may save patients from cytokine release storm (CRS), but can also weaken the anti-infectious immunity, particularly

in rheumatic patients, who may have received a long-term treatment with immunosuppressive/modulatory agents. Thus, we

suggest careful considerations before and close monitoring in the administration of tocilizumab in rheumatic patients with

COVID-19. Besides tocilizumab, several disease-modifying antirheumatic drugs (DMARDs) can also be applied in the treatment

of COVID-19. Therefore, we also reviewed and discussed the application of these DMARDs in COVID-19 condition.
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Coronavirus disease 2019 (COVID-19) has progressed to a

worldwide pandemic situation, and millions of people are suf-

fering from this lethal disease. Many cytokines involved in the

pathogenesis of rheumatic diseases (particularly rheumatoid ar-

thritis, RA), such as IL-6, were elevated in COVID-19 [1–3].

Persistent and dramatic elevation of serum IL-6 level was asso-

ciated with higher mortality in COVID-19 patients [4]. It seems

that administration of tocilizumab can be a perfect solution to

treat COVID-19 and RA at the same time. However, every coin

has two sides. Application of tocilizumabmay bring unsuspect-

ed effects. Here, we first reported the complex treatment pro-

cess of a COVID-19 patient with RA history and illustrated the

importance of recognizing the feasibility of tocilizumab appli-

cation in the therapeutic process.

Case presentation

The case we reported here was a 72-year-old female with a

history of RA for nearly 30 years. She had taken leflunomide

(LEF, 20mg po qd) for 10 years and hydroxychloroquine (HCQ,

0.2 g po bid) for 1 year. Based on the clinical characteristics and

therapeutic processes, this report was divided into two parts.

Part 1 (Fig. 1)

Fever of unknown reason (< 38 °C) emerged in this case on

January 5, 2020, accompanied with cough, expectoration
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(white, but little), and mild shortness of breath. Chest CT

showed pneumonia in the right upper lobe of her lungs.

Positivity of severe acute respiratory syndrome coronavirus

2 (SARS-Cov-2) RNA was detected in her swab samples

(January 28), and chest CTon the day before showed progres-

sion of the lesions in her right upper lobe (RUL) (Fig. 1a (b1)).

Thus, a diagnosis of COVID-19 was made. After administra-

tion of antiviral agents (oseltamivir phosphate and lopinavir

and ritonavir) and methylprednisolone (40 mg po qd) for

5 days, a significant relief of cough and breath shortness was

observed. Chest CTon February 3 showed significant absorp-

tion lesions in her lungs (Fig. 1a (b2)). Dosage of glucocorti-

coids started to be tapered since January 31, and usage of

antiviral agents was stopped on February 4. However, when

usage of methylprednisolone was quickly tapered to 4 mg/day

(February 11) within 11 days, her body temperature

rebounded to 38.4 °C and ground glass opacities (GGOs)

and patchy shadows appeared in both of her lungs (Fig. 1a

(b3)). Antiviral treatment (lopinavir and ritonavir) restarted

and dosage of methylprednisolone was elevated to 16 mg/

day. Six days later, her body temperature returned to normal,

and lesions in her lungs were absorbed totally (Fig. 1a

(b4)). Administration of lopinavir and ritonavir was then

stopped (February 18), and taper of methylprednisolone

started. But fever emerged again after usage of methylpred-

nisolone (10 days) was stopped (February 23). Then, an-

other similar round of therapy was made. On March 2, she

presented at the outpatient station with mild fever

(37.7 °C), accompanied with chest tightness and shortness

of breath. Due to the recurrence and progression of the

disease, she was received in Wuhan pulmonary hospital

on March 3rd (Figs. 1 (b5) and 3a).

Fig. 1 The 1st part of therapeutic processes of the case reported in this study. a Important events, medication, and radiologic features of this case before

March 3, 2020 (Part 1). b Images of chest CT indicated in the corresponding panel of a
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Part 2 (Figs. 2 and 3)

The laboratory indices showed a decreased lymphocyte count

(0.34 * 109/L) in peripheral blood and elevated levels of eryth-

rocyte sedimentation rate (ESR, 39 mm/h) and C-reactive pro-

tein (CRP, 20.53 mg/L). The serum IL-6 level (6.77 pg/mL)

was in normal range (< 7 pg/mL). Detection of anti-SARS-

CoV-2 antibody showed negativity of IgM subtype, but strong

positivity of IgG subtype. Four days later (March 7), her ESR

elevated to 66 mm/h, and serum IL-6 level elevated to

115.4 pg/mL. Chest CT showed increased lesions in both of

her lungs (Fig. 3b). Severe type of COVID-19 was considered

and tocilizumab (400 mg iv drip), which was intended to

target both COVID-19 and RA, was used in this case.

Dosage of glucocorticoid use was also increased. Despite the

escalation of treatment, the patient’s serum IL-6 level was still

maintained on a high level, and her condition went down

sharply on March 10 (Fig. 3c). On March 14, her serum IL-

6 level elevated to 260.1 pg/mL, and chest CT showed even

worse condition on both her upper lungs (Fig. 3d).

Tocilizumab (400 mg iv drip) was then administrated for the

second time. Unfortunately, this patient’s condition was going

from bad to worse: onMarch 17, her dyspnea severed (oxygen

flow was escalated to 40 to 50 L/min, and she could not even

move on the bed), serum concentration of IL-6 surged to

2055 pg/mL, and obvious aggravation of lesions was observed

on her upper lungs (Fig. 3e). This alerted the physicians, that the

clinical manifestations of this case and the disease aggravation

could not be explained, at least solely, by the potential infection

of SARS-CoV-2. Therefore, a multiple disciplinary team

(MDT) including rheumatologists was formed and discussed

to find out the potential reasons leading to the current situation

of this case. Infection of other pathogens due to her over sup-

pressed immune systems (resulted from the administration of

tocilizumab and/or glucocorticoids) was considered as the most

possible reason. We started to detect the presence of potential

pathogenic pathogens in this case immediately. Administration

of LEF was stopped, and antiviral (ganciclovir sodium, 500 mg

qd ivdrip), antibacterial (cefoperazone sodium sulbactam sodi-

um, 3 g bid ivdrip), and antifungal (caspofungin acetate, 70 mg

[for the first day]/50 mg qd ivdrip) agents were then adminis-

trated at the same time. Meanwhile, we also noticed that the

serum ferritin level of this case was abnormally high

(2442 μg/L), platelet count decreased continuously to

83 * 109/L, and hypofibrinogenemia presented (1.9 g/L). All

these indicated the tendency of secondary hemophagocytic

Fig. 2 The 2nd part of therapeutic processes of the case reported in this

study. Details of therapeutic process of this case after the hospitalization

onMarch 3 due to disease recurrence and progression (Part 2). RUL right

upper lobe, RLL right lower lobe, ESR erythrocyte sedimentation rate,

CRP C-reactive protein, IL interleukin, TNF tumor necrosis factor, Lym

lymphocyte, PLT platelet, SaO2 arterial oxygen saturation
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lymphohistiocytosis (sHLH) characterized by a cytokine storm

(which was authenticated by the elevated serum IL-6, IL-2R,

IL-8, and TNF-α level detected several days later on

March 21), hemophagocytosis, and further multi-organ dam-

age. Thus, the administration of methylprednisolone was also

escalated. The situation seemed to be turning: absorption of

lesions was observed on chest CT on March 20 (Fig. 3f). On

March 22, the high throughput sequencing analysis reported

detection of Pneumocystis jirovecii and Aspergillus fumigatus.

Chest CT on March 24 showed improvement (Fig. 3g), and

levels of serum cytokines dropped significantly. In combination

with antimicrobial treatment and application of blood products,

this case was brought back from death: her chest CT on

March 31 (Fig. 3h) andApril 8 (Fig. 3i) both showed significant

absorption of lesions on her lungs, and the oxygen flow was

gradually reduced to 2 L/min: she could finish daily activity

without too much effort. After the final detection of SARS-

CoV-2 (RNA−, IgM−, IgG±) and CMV (DNA−), she was

discharged on April 14. The detailed medication in this part

was recorded in Supplementary Fig. 1.

Review and discussion

Up to the end of April 2020, more than 2.5 million people in

the world had been infected with SARS-CoV-2 under the pan-

demic situation of COVID-19 [5]. As a large population with

underlying dysregulated immune system, rheumatic patients

infected with SARS-CoV-2 are not rare. How to improve the

therapeutic efficacy for patients in this situation is an impor-

tant task and challenges for physicians.

Therapy with conventional synthetic disease-
modifying antirheumatic drugs (cs-DMARDs) and
glucocorticoids

HCQ and LEF are both important components of cs-DMARD

in treating rheumatic diseases. Besides that, both of them

showed antiviral properties, particularly HCQ, whose ana-

logue chloroquine (CQ) is effective in inhibiting the infection

and spread of SARS coronavirus (SARS-CoV) via interfering

with terminal glycosylation of ACE2, which is also the entry

receptor of SARS-CoV-2 [6, 7]. Some clinical investigations

also showed efficacy of HCQ in treating mild to moderate

COVID-19 patients [8, 9]. Thus, we applied these two agents

in this case at the beginning of the treatment and intended to

intervene with her COVID-19 and RA at the same time.

However, with the deepening of research, side effects (e.g.,

cardiotoxicity) in chloroquine- or hydroxychloroquine-treated

COVID-19 patients, especially when used at a high dose, were

reported [10, 11]. There was also report showing no effects of

HCQ in patients hospitalized for COVID-19 infection with

oxygen requirement [12].

Glucocorticoids are another agent commonly seen in the

treatment of both rheumatic diseases and COVID-19. The

anti-inflammatory effects of glucocorticoids are always rapid

and significant and are commonly used in the suppression of

strong and harmful inflammatory process in pathophysiologic

conditions. However, slow-down of the clearance of virus

Fig. 3 Radiology (Chest CT) of the case reported in this study during the hospitalization after March 3. The date of examination and the corresponding

disease status at that time were recorded in Fig. 2
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(including SARS-CoV-2) is always observed in the infected

cases with systemic usage of glucocorticoids [13–15]. This

might be the reason why the recurrence of COVID-19 hap-

pened in the case we reported here.

COVID-19 and rheumatic diseases share similar
pathogenic cytokines

At the level of pathogenic mechanisms, cytokines play impor-

tant role in the progress of both COVID-19 and rheumatic

diseases: Huang et al. revealed elevated serum level of many

cytokines (including IL-1β, IL-7, IL-8, IL-10, GM-CSF,

IFN-γ, TNF-α, etc.) in COVID-19 patients compared with

healthy people, and these cytokines are also the pathogenic

factors in many rheumatic diseases, including RA, systemic

lupus erythematosus (SLE), and primary Sjögren’s syndrome

(pSS) [2, 3, 16, 17]. Thus, targeting these potential pathogenic

proinflammatory cytokines is logical and can be a good strat-

egy to realize the win-win mode to treat both COVID-19 and

the underlying rheumatic conditions. Among all these candi-

date target cytokines, IL-6 seems to be one of the best choices,

particularly for COVID-19 patients with RA: from the aspects

of either availability of the products or the current evidences

supporting the benefits in treating both of the diseases [4,

18–21].

Function of IL-6 and consideration needed in the ad-
ministration of tocilizumab

IL-6 is an important cytokine in immune reactions, which can

enhance the immune response (e.g., via promoting antibody

production, differentiation of cytotoxic Tcell or type 17 helper

T cell, etc.), and always acts as a mediator notifying the oc-

currence of some emergent event elicited by either pathogen-

associated molecular pattern (PAMPs) and damage-associated

molecular patterns (DAMPs) [22]. Its elevation can be a sign

of cytokine release syndrome (CRS), which is always ob-

served in severe COVID-19 patients [1–3, 23]. However, ev-

ery coin has two sides; it can also be a part of sHLH, which

can be triggered by malignancy, infection (particularly viral

infection), autoinflammation alone, or a combination of these

factors [24]. Due to the high mortality of sHLH, early identi-

fication and the following aggressive treatment to suppress the

overactivated immune system and the underlying triggers are

required. In this case, after we observed the abnormal eleva-

tion of serum ferritin level, and decrease of platelet count in

the context of infections and probable autoinflammatory sta-

tus, we perceived the tendency of sHLH and applied decisive-

ly large-dosage glucocorticoids (methylprednisolone) and an-

timicrobial agents, which were finally authenticated as the key

treatment saving this patient from death. It is interesting and

worth mentioning that the tendency of sHLH was identified

by a rheumatologist, who might have more chances to deal

with a specific form of sHLH occurring in the context of

autoimmunity, that is, macrophage activation syndrome

(MAS) [24].

Funding information This work was supported by grants from the

National Natural Science Foundation of China (No. 81771754) and the

Tongji Hospital Clinical Research Flagship Program (No. 2019CR206).

Compliance with ethical standards

Disclosures None.

Consent for publication Written informed consent was obtained from

the patient for publication of this case study and any accompanying im-

ages related.

Open Access This article is licensed under a Creative Commons

Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as

long as you give appropriate credit to the original author(s) and the

source, provide a link to the Creative Commons licence, and indicate if

changes weremade. The images or other third party material in this article

are included in the article's Creative Commons licence, unless indicated

otherwise in a credit line to the material. If material is not included in the

article's Creative Commons licence and your intended use is not

permitted by statutory regulation or exceeds the permitted use, you will

need to obtain permission directly from the copyright holder. To view a

copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Zhang C, Wu Z, Li JW, Zhao H, Wang GQ (2020) 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:105954. https://doi.org/10.

1016/j.ijantimicag.2020.105954

2. Huang C,Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu

J, Gu X, Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie X, Yin W, Li H,

Liu M, Xiao Y, Gao H, Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin

Q, Wang J, Cao B (2020) Clinical features of patients infected with

2019 novel coronavirus inWuhan, China. Lancet 395(10223):497–

506. https://doi.org/10.1016/s0140-6736(20)30183-5

3. Smolen JS, Aletaha D, McInnes IB (2016) Rheumatoid arthritis.

Lancet 388(10055):2023–2038. https://doi.org/10.1016/s0140-

6736(16)30173-8

4. Luo P, Liu Y, Qiu L, Liu X, Liu D, Li J (2020) Tocilizumab treat-

ment in COVID-19: a single center experience. J Med Virol 92:

814–818. https://doi.org/10.1002/jmv.25801

5. Dong E, Du H, Gardner L (2020) An interactive web-based dash-

board to track COVID-19 in real time. Lancet Infect Dis 20:533–

534. https://doi.org/10.1016/s1473-3099(20)30120-1

6. Vincent MJ, Bergeron E, Benjannet S, Erickson BR, Rollin PE,

Ksiazek TG, Seidah NG, Nichol ST (2005) Chloroquine is a potent

inhibitor of SARS coronavirus infection and spread. Virol J 2:69.

https://doi.org/10.1186/1743-422X-2-69

7. Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N, Herrler T,

Erichsen S, Schiergens TS, Herrler G, Wu NH, Nitsche A, Muller

MA, Drosten C, Pohlmann S (2020) SARS-CoV-2 cell entry de-

pends on ACE2 and TMPRSS2 and is blocked by a clinically

2801Clin Rheumatol (2020) 39:2797–2802

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1016/s0140-6736(16)30173-8
https://doi.org/10.1016/s0140-6736(16)30173-8
https://doi.org/10.1002/jmv.25801
https://doi.org/10.1016/s1473-3099(20)30120-1
https://doi.org/10.1186/1743-422X-2-69


proven protease inhibitor. Cell 181:271–280.e8. https://doi.org/10.

1016/j.cell.2020.02.052

8. Chen Z, Hu J, Zhang Z, Jiang S, Han S, Yan D, Zhuang R, Hu B,

Zhang Z (2020) Efficacy of hydroxychloroquine in patients with

COVID-19: results of a randomized clinical trial. MedRxiv. https://

doi.org/10.1101/2020.03.22.20040758

9. Tang W, Cao Z, Han M, Wang Z, Chen J, Sun W, Wu Y, Xiao W,

Liu S, Chen E, ChenW,WangX, Yang J, Lin J, Zhao Q, YanY, Xie

Z, Li D, Yang Y, Liu L, Qu J, Ning G, Shi G, Xie Q (2020)

Hydroxychloroquine in patients with mainly mild to moderate co-

ronavirus disease 2019: open label, randomised controlled trial.

BMJ 369:m1849. https://doi.org/10.1136/bmj.m1849

10. Fihn SD, Perencevich E, Bradley SM (2020) Caution needed on the

use of chloroquine and hydroxychloroquine for coronavirus disease

2019. JAMANetw Open 3(4.23):e209035. https://doi.org/10.1001/

jamanetworkopen.2020.9035

11. Borba MGS, Val FFA, Sampaio VS, Alexandre MAA, Melo GC,

Brito M, Mourao MPG, Brito-Sousa JD, Baia-da-Silva D, Guerra

MVF, Hajjar LA, Pinto RC, Balieiro AAS, Pacheco AGF, Santos

JDO Jr, Naveca FG, Xavier MS, Siqueira AM, Schwarzbold A,

Croda J, Nogueira ML, Romero GAS, Bassat Q, Fontes CJ,

Albuquerque BC, Daniel-Ribeiro CT, Monteiro WM, Lacerda

MVG, CloroCovid T (2020) Effect of high vs low doses of chloro-

quine diphosphate as adjunctive therapy for patients hospitalized

with severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) infection: a randomized clinical trial. JAMA Netw Open

3(4.23):e208857. https://doi.org/10.1001/jamanetworkopen.2020.

8857

12. Mahevas M, Tran V-T, Roumier M, Chabrol A, Paule R, Guillaud

C, Gallien S, Lepeule R, Szwebel T-A, Lescure X, Schlemmer F,

Matignon M, Khellaf M, Crickx E, Terrier B, Morbieu C, Legendre

P, Dang J, Schoindre Y, Pawlotski J-M, Michel M, Perrodeau E,

Carlier N, Roche N, Lastours VD, Mouthon L, Audureau E,

Ravaud P, Godeau B, Costedoat N (2020) No evidence of clinical

efficacy of hydroxychloroquine in patients hospitalized for

COVID-19 infection with oxygen requirement: results of a study

using routinely collected data to emulate a target trial. MedRxiv.

https://doi.org/10.1101/2020.04.10.20060699

13. Baringer JR, Klassen T, Grumm F (1976) Experimental herpes

simplex virus encephalitis. Effect of corticosteroids and pyrimidine

nucleoside. Arch Neurol 33(6):442–446. https://doi.org/10.1001/

archneur.1976.00500060048010

14. Chai Z, Zhang X, Dobbins AL, Rigsbee KM, Wang B, Samulski

RJ, Li C (2019) Optimization of dexamethasone administration for

maintaining global transduction efficacy of adeno-associated virus

serotype 9. Hum Gene Ther 30(7):829–840. https://doi.org/10.

1089/hum.2018.233

15. Ling Y, Xu SB, Lin YX, Tian D, Zhu ZQ, Dai FH, Wu F, Song ZG,

HuangW, Chen J, Hu BJ,Wang S,Mao EQ, Zhu L, ZhangWH, Lu

HZ (2020) Persistence and clearance of viral RNA in 2019 novel

coronavirus disease rehabilitation patients. Chin Med J 133:1039–

1043. https://doi.org/10.1097/CM9.0000000000000774

16. Tsokos GC, LoMS, Costa Reis P, Sullivan KE (2016) New insights

into the immunopathogenesis of systemic lupus erythematosus. Nat

Rev Rheumatol 12(12):716–730. https://doi.org/10.1038/nrrheum.

2016.186

17. Nocturne G, Mariette X (2013) Advances in understanding the

pathogenesis of primary Sjogren's syndrome. Nat Rev Rheumatol

9(9):544–556. https://doi.org/10.1038/nrrheum.2013.110

18. Smolen JS, Aletaha D (2011) Interleukin-6 receptor inhibition with

tocilizumab and attainment of disease remission in rheumatoid ar-

thritis: the role of acute-phase reactants. Arthritis Rheum 63(1):43–

52. https://doi.org/10.1002/art.27740

19. Di Giambenedetto S, Ciccullo A, Borghetti A, Gambassi G, Landi

F, Visconti E, Zileri Dal Verme L, Bernabei R, Tamburrini E, Cauda

R, Gasbarrini A, group GAC (2020) Off-label use of tocilizumab in

patients with SARS-CoV-2 infection. J Med Virol. https://doi.org/

10.1002/jmv.25897

20. Smolen JS, Landewe R, Bijlsma J, Burmester G, Chatzidionysiou

K, DougadosM, Nam J, Ramiro S, Voshaar M, van Vollenhoven R,

Aletaha D, Aringer M, Boers M, Buckley CD, Buttgereit F, Bykerk

V, Cardiel M, Combe B, Cutolo M, van Eijk-Hustings Y, Emery P,

Finckh A, Gabay C, Gomez-Reino J, Gossec L, Gottenberg JE,

Hazes JMW, Huizinga T, Jani M, Karateev D, Kouloumas M,

Kvien T, Li Z, Mariette X, McInnes I, Mysler E, Nash P, Pavelka

K, Poor G, Richez C, van Riel P, Rubbert-Roth A, Saag K, da Silva

J, StammT, Takeuchi T,Westhovens R, deWitM, van der Heijde D

(2017) EULAR recommendations for the management of rheuma-

toid arthritis with synthetic and biological disease-modifying anti-

rheumatic drugs: 2016 update. Ann Rheum Dis 76(6):960–977.

https://doi.org/10.1136/annrheumdis-2016-210715

21. Singh JA, Saag KG, Bridges SL Jr, Akl EA, Bannuru RR, Sullivan

MC, Vaysbrot E, McNaughton C, Osani M, Shmerling RH, Curtis

JR, Furst DE, Parks D, Kavanaugh A, O'Dell J, King C, Leong A,

Matteson EL, Schousboe JT, Drevlow B, Ginsberg S, Grober J, St

Clair EW, Tindall E, Miller AS, McAlindon T (2016) 2015

American College of Rheumatology guideline for the treatment of

rheumatoid arthritis. Arthritis Rheumatol 68(1):1–26. https://doi.

org/10.1002/art.39480

22. Tanaka T, Narazaki M, Kishimoto T (2014) IL-6 in inflammation,

immunity, and disease. Cold Spring Harb Perspect Biol 6(10):

a016295. https://doi.org/10.1101/cshperspect.a016295

23. Fu B, Xu X, Wei H (2020) Why tocilizumab could be an effective

treatment for severe COVID-19? J Transl Med 18(1):164. https://

doi.org/10.1186/s12967-020-02339-3

24. Carter SJ, Tattersall RS, Ramanan AV (2019) Macrophage activa-

tion syndrome in adults: recent advances in pathophysiology, diag-

nosis and treatment. Rheumatology (Oxford) 58(1):5–17. https://

doi.org/10.1093/rheumatology/key006

Publisher’s note Springer Nature remains neutral with regard to jurisdic-

tional claims in published maps and institutional affiliations.

2802 Clin Rheumatol (2020) 39:2797–2802

https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.cell.2020.02.052
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bmj.m1849
https://doi.org/10.1001/jamanetworkopen.2020.9035
https://doi.org/10.1001/jamanetworkopen.2020.9035
https://doi.org/10.1001/jamanetworkopen.2020.8857
https://doi.org/10.1001/jamanetworkopen.2020.8857
https://doi.org/10.1101/2020.04.10.20060699
https://doi.org/10.1001/archneur.1976.00500060048010
https://doi.org/10.1001/archneur.1976.00500060048010
https://doi.org/10.1089/hum.2018.233
https://doi.org/10.1089/hum.2018.233
https://doi.org/10.1097/CM9.0000000000000774
https://doi.org/10.1038/nrrheum.2016.186
https://doi.org/10.1038/nrrheum.2016.186
https://doi.org/10.1038/nrrheum.2013.110
https://doi.org/10.1002/art.27740
https://doi.org/10.1002/jmv.25897
https://doi.org/10.1002/jmv.25897
https://doi.org/10.1136/annrheumdis-2016-210715
https://doi.org/10.1002/art.39480
https://doi.org/10.1002/art.39480
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1186/s12967-020-02339-3
https://doi.org/10.1186/s12967-020-02339-3
https://doi.org/10.1093/rheumatology/key006
https://doi.org/10.1093/rheumatology/key006

	A complex COVID-19 case with rheumatoid arthritis treated with tocilizumab
	Abstract
	Case presentation
	Part 1 (Fig.&newnbsp;1)
	Part 2 (Figs.&newnbsp;2 and 3)

	Review and discussion
	Therapy with conventional synthetic disease-modifying antirheumatic drugs (cs-DMARDs) and glucocorticoids
	COVID-19 and rheumatic diseases share similar pathogenic cytokines
	Function of IL-6 and consideration needed in the administration of tocilizumab

	References


