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Abstract

Objective: To ekamine how the novel coronavirus disease (COVID-19) has changed infectious complications in
outpatientsyyith autoimmune diseases. Methods: We performed a retrospective, record-linked cohort study and
questionnaire about lifestyle changes in patients who visited our department in 2019 and 2020. Results: We
surveyed 1316 outpatients in 2019 and 1284 in 2020. The most common underlying diseases were rheumatoid
arthritis (842 vs. 814) and systemic lupus erythematosus (126 vs. 127). No significant difference in median age
(66 vs. 67 years), respiratory comorbidities (30.4% vs. 32.0%), or corticosteroid use (42.2% vs. 44.3%) was
found between the years. Inmunomodulating agents were used more in 2020 (33.1% vs. 39.7%, p<.001). Total

number of infections (28.0/100 vs. 19.4/100 person-years), pneumonia (3.6 vs. 1.6), influenza (2.1 vs. 0.1), and
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non-viral dermatological infections (3.8 vs. 2.1) were significantly lower in 2020. No significant difference was
found for herpes zoster (2.2 vs. 1.8), urinary tract infections (3.3 vs. 3.8), or gastrointestinal infections (2.9 vs.
3.0). According to the questionnaire, 75% of the respondents became more conscious about wearing masks and
81% began to use hand sanitizer during the pandemic. Conclusion: Under the COVID-19 pandemic, some

infectious complications have decreased in outpatients with autoimmune diseases.

Introduction

A novel coronavirus, termed severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), was isolated as a
pathogen of contagious pneumonia with high fatality in 2019 [1]. The novel coronavirus disease (COVID-19)
spread globally, causing thousands of deaths and enormous impacts worldwide. ThefWeérld'Health Organization
prevention guidelines advised protective behavior for individuals such as weagifig masks properly, washing
hands, hand hygiene, maintaining social distancing, avoiding the 3Cs (spaces that age closed, crowded, or
involve close contact), and avoiding touching the facial mucosa [2].9n Japan,the first patient with COVID-19
was reported on January 2020, after which mask wearing and handyhygiene increased. In March 2020, the
Japanese government directed the temporary closing of §ehoolsfand recommended that companies should work
from home. In Miyagi prefecture, which has about 2:8million inhabitants and where our hospital is located, the
first reverse transcription-polymerase chaingeaction amplification (RT-PCR) positive SARS-CoV-2 case was
detected on 29, February 2020. PublicgSchoolstwefe closed between March 2020 and May 2020, residents greatly
increased their vigilance during this period#After that, no positivity was detected in May 2020 and the state of
emergency was lifted, but SARS-CoV-2 infection was detected again in June 2020, and increased thereafter.
Over 100 positive cases/week Were detected from October 2020 to January 2021 in Miyagi, according to the
Miyagi Prefectural Goyetsiment website, https://www.pref.miyagi.jp/uploaded/attachment/837324.xIsx. As of
May 2021, the COMID-19 pandemic has persisted and mask wearing, hand hygiene measures, and social
distancing have’continued.

Previous random controlled trials (RCT) and meta-analyses have concluded that these measures might
also have protected people from various infections other than COVID-19 [3-9], although opinions differ among
these authors regarding the most effective measures. Numerous studies that have reported a decrease in influenza
and other respiratory infections after the COVID-19 pandemic concluded that public health efforts to control

COVID-19 might have reduced the spread of viral respiratory diseases [10—12].
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In addition, many pathogens are known to inhibit infection with other pathogens in the same host [13,
14]. COVID-19 itself may interfere with other infections virologically.

Controlling infectious complications has been an important issue for the care of patients with
autoimmune diseases, who tend to be immunocompromised due to multiple factors as well as their immune
system, including related organ damage and therapies such as immunosuppressive drugs [15-18]. The
effectiveness of general measures against infection may differ between these patients and those in the healthy
population; however, no large-scale trial has investigated this possibility. Moreover, nationwide changes
lifestyle and the social environment after the COVID-19 pandemic may have had a different impagt on' patients
with autoimmune diseases than in the healthy population.

We performed a retrospective cohort study to investigate the status of infectious complications in
outpatients with autoimmune diseases using patients’ medical records in 2019afid in'20205 i.e., before and after

the COVID-19 pandemic.

Methods

We conducted a retrospective, record-linked cohort studjzameng patients who regularly visited the rheumatology
outpatient department at Tohoku Medical and Pharmageutical’University Hospital in 2019 and 2020. Each
patient met the criteria defined by the Ministfy ofiealth, Labor and Welfare for Japan or international
consensus [19-26]. Because wearing pfasks begafie more common in Japan after February 2020, we categorized
the patients into the following twd,groups: Group 2019 included outpatients who had visited the department of
rheumatology for routine monitering prior to 31 January 2019 and who had been followed up at an interval of 12
weeks or less until 3 ¥January2020. Group 2020 included outpatients who had visited prior to 31 January 2020
and who had beén followed up until 31 January 2021. Patients who discontinued regular visits were excluded
from the gnhalyseste€liminate seasonal bias between Group 2019 and Group 2020. Patients who discontinued
visitsybecause.of an infectious complication (death or long hospitalization) were counted separately from the
analyses. Data regarding infectious disease complications and their classifications were collected from patients’
medical records. Influenza and pneumonia were laboratory-confirmed, and the incidence of other infections such
as bronchitis, dermatological infections, and gastrointestinal infections was recorded according to the
assessments of the attending doctors. Data for the common cold were excluded from analyses because it is
highly dependent on the patient’s self-declared symptoms. To assess behavioral changes before and after the

COVID-19 pandemic, patients who visited our rheumatology outpatient department between 1 April 2020 and



30 June 2020 were asked to complete an anonymous questionnaire about their infection-prevention behaviors.
One of three response choices could be selected for each survey item:1) I have always been as careful as I am
now, 2) I have done this much more recently, 3) I never (or cannot) perform this action.

This study was approved by the ethics committee of the Tohoku Medical and Pharmaceutical University
Hospital (#2019-2-230/2020-2-142/2021-2-011). Opt-out consent for the use of anonymized medical data and

written informed consent for the disclosure of questionnaire results were obtained from all patients.

Statistical analysis
The frequencies and percentages of categorical variables were compared using chi-squaregesty)Binary Togistic
regression model was applied for multivariate analysis. All analyses were performedfising BellCurve for Excel

(Social Survey Research Information, Tokyo, Japan). A two-tailed p<.05 was eonsidesed statistically significant.

Results

Patient characteristics

Figure 1 shows a flow chart of patient selection for the tio gredps. Prior to 31 January 2019, 1562 patients
visited our department regularly. Of these, 246 wereeXeluded because of death (infection-related, n = 3),
prolongation of the interval between visits gyer 12, weeks (long-term hospitalization due to infection, n = 2), or
unavailability of follow-up data (moved to anothet hospital; completed of treatment, mainly in patients with
polymyalgia rheumatica; self-suspensionefivisits). From the middle of 2019 until 31 January 2020, 1584
patients visited our departmdent regularly. Of these, 300 patients were excluded for the same reasons as in 2019.
One patient died from’infeetiomyand 2 patients were excluded due to long term hospitalization for infection in
2020. Accordingly, 1316¥patients in Group 2019 and 1284 patients in Group 2020 were included in subsequent

analyses. /[There were’1 118 patients who belonged to both groups.

Baseline characteristics of the patients

Table 1 lists the baseline patient characteristics. Median age was 66 years in Group 2019 and 67 years in Group
2020. In univariate analysis, no statistically significant difference was found in terms of underlying autoimmune
disease or respiratory comorbidities (30.4% in Group 2019 vs. 32.0% in Group 2020), use of corticosteroids
(42.2% vs. 44.3%), Janus kinase (JAK) inhibitors (5.7% and 7.1%), biologic agents (25.5% vs. 26.5%),

methotrexate (MTX) (33.0% vs. 33.5%), or other immunosuppressive agent (34.0% vs. 37.0%) such as



tacrolimus, cyclophosphamide, or cyclosporine. There was a greater tendency for an immunomodulating agents
such as salazosulfapyridine (SASP), iguratimod (IGU), and hydroxychloroquine (HCQ) to be used in Group
2020 (33.1% vs. 39.7%, p<.001). The proportion of patients who have not been treated with any
immunosuppressive/immunomodulating agent (displayed “no special agent use” in Table 1) was smaller in
Group 2020 (6.5% vs. 4.7%, p=.04), as they tended to want to prolong their interval of visits and be excluded

from the study (data not shown).

Infectious complications
Table 2 shows the comparison of infectious complications between the groups. The proporfionjof patients with
infection was 21.9% in Group 2019 vs. 16.2% in Group 2020 (p<.001). The total number ofiinfections per 100
person-years was 28.0 in Group 2019 vs. 19.4 in Group 2020 (p<.001). Influenzay pneumenia, other respiratory
tract infection, and non-viral dermatological infection showed a significant'decreasefin 2020 compared with
2019. There was no significant difference between the groups with reéspeet to infection related varicella zoster
virus, herpes simplex virus, or gastrointestinal tract, urinary tract, ot otolaryngological infection. None of the
included patients was infected with SARS-CoV-2 duringythe gbServation period of the study.

Figure 2 shows the percentage of infectiousicémplications per month. No cases of influenza were
recorded after February 2020.

Binomial logistic regression afialysesperformed to evaluate the influence of differences in treatment in
the groups revealed use of corticosteroidsyuSe of JAK inhibitor, and respiratory comorbidities had high odds
ratio for infection in both gfoups. The tse of immunomodulating agents was related to low odds ratio for

infection only in Group 2020 (Eigure 3).

Vigilancelagainstthe COVID-19 pandemic

Of the 117%patients who visited our outpatient department between 1 April 2020 and 30 June 2020, 1175
completed the questionnaire about change in lifestyle (response rate, 99.8%). As shown in Figure 4, 26% of the
patients wore a mask in a crowd before the COVID-19 pandemic, and 70.6% were more careful about wearing
masks during the pandemic. Similarly, 12.9% of patients used hand sanitizer on a daily basis before the
pandemic, and 80.7% began it during the pandemic. Compliance in these measures ranged from 65.1% (Regular

temperature measurement) to 96.6% (Wear a mask in crowds).



Discussion

This study evaluated the frequency of respiratory and dermatological infectious complications in outpatients with
autoimmune diseases before and during the COVID-19 pandemic and found that the number of these
complications decreased after the start of the pandemic in 2020.

We consider that the COVID-19 pandemic has affected the frequency of infectious diseases in two
possible ways. First, measures taken against COVID-19 possibly prevented other infections, especially those
transmitted by person-to-person contact. Previous RCTs and meta-analyses have demonstrated that
infection-prevention behaviors such as wearing masks [3] and good hand hygiene [2, 4, 6-9] might reduce
infections such as diarrhea, upper respiratory infections, influenza, and fever. Regarding secial distancing, a
comparison of mortality in Philadelphia and St. Louis in 1918 suggested that state-widc’social distancing efforts
controlled the influenza pandemic [27]. The relationship between social distaneifig bytelework, as a measure
against COVID-19, and a reduction of incidence of fever in young employees in,2020 in Japan has been shown
[28]. In a large register-based study, Kuitunen et al. reported a decréase mypediatric emergency room visits for
respiratory tract infection after lockdown in Finland [12]. The decrease in respiratory infections in the present
study is consistent with the findings of these reports.

Regarding other types of infection, there arefew reports of any prevention methods for cellulitis other
than antibiotics [29]. Although we could notffind¥any studies regarding the effect of hand hygiene on cellulitis, it
seems reasonable that good hand hygiehe would #€duce infection in scratched skin. Gastrointestinal infections
would also be expected to decreae with“improvements in hand hygiene but showed no decrease in our study. As
far as we can tell, two cases’of parasite’infection (campylobacter and diarrhea after eating raw oysters) were
included this survey,dut there'may have been more infections that are unpreventable by good individual hand
hygiene. The mé€asures that restrict close person-person contact may be ineffective for preventing endogenous
pathogen4derivedinféctions such as herpes zoster and urinary tract infections.

Seeend, the possibility of virus-virus interactions on SARS-CoV-2 cannot be ignored. Nickbakhsh et al.
showed negative interactions between influenza and non-influenza viruses and positive interactions among
non-influenza viruses with real time RT-PCR assays in patients with respiratory infections [30]. Influenza A
virus and human coronaviruses (229E, NL63, HKU1) had positive interactions, although uncorrected, in their
20052013 survey. Nowak et al. reported that in COVID-19, SARS-CoV-2 positive patients by real-time
RT-PCR tended to be negative for other pathogens such as influenza and rhinovirus/enterovirus [31]. Conversely,

Kim et al. reported no significant difference in SARS-CoV-2 positivity in groups that were positive/negative for



other respiratory pathogens [32]. The way SARS-CoV-2 interferes with other pathogens has not yet been
elucidated and its influence is controversial.

The baseline characteristics in this study were not balanced in terms of the use of immunomodulating
agents. Even restricted to 1118 patients common to 2019 and 2020, the use of immunomodulators was increased
in 2020 (33.9% vs. 38.5%, p=.025, data not shown). A low odds ratio of immunomodulators for infection in
Group 2020 was also detected. The total infection rate was 22.3% in 2019 and 16.6% in 2020 (p<.001, data not
shown). The change in the members from Group 2019 to Group 2020 did not affect the results. As shown'in
Table 1, the use of HCQ, SASP, and IGU increased in 2020. HCQ is increasingly being recommended for the
treatment of systemic lupus erythematosus [33]. The Ministry of Health, Labor and Welfar€ for Japan and Japan
college of rheumatology have published new guidelines for the management of systefi¢ lupus erythematosus in
November 2019, which recommended the use of HCQ more strongly than in eaflier guidelines. In our clinic,
SASP or IGU tended to be added-on in patients with rheumatoid arthritis imgwhom egontrol was insufficient even
after treatment with biologics or JAK inhibitors and who were intolétant'ef mere potent immunosuppressive
therapy. Additionally, SASP or IGU have been started in patients Who needed to reduce MTX or other
immunosuppressive agents for reasons such as renal dysfunctiefi, onset of lung disease, and diagnosis of
malignant disease. Owing to their high retention rates,*the use’of SASP and IGU increased from 2019 to 2020.
There might be an effect of sparing dosage of MTX, corticosteroids, or other immunosuppressive agents, which
may have decreased the infection ratedn 2020lnsaddition, some reports have suggested the possibility that HCQ
or SASP might themselves act protectivelydgainst infection, although the mechanism has not been elucidated
[34, 35]. The possibility that theiimbalance in immunomodulating agents affected our results cannot be excluded.

Several additional limitations of our findings should be considered. The number of some infectious
complications may haye'béen too small to enable detection of significance due to the single-center design of the
study. Wgfmay havestissed mild infections because the medical records were managed for the treatment of
auteimmunesdiseases in a specialized clinic, rather than for a survey of infections. Patients might have wanted to
avoidWisiting a hospital during the COVID-19 pandemic, and therefore infections that improved within a few
days might not have been picked up. Because pneumonia, bronchitis, other respiratory tract infections, and
cellulitis have lasting symptoms that needed treatment in both of the study years, we consider that there would be
few missed infections in such patients. In addition, we were unable to consider all factors that can be associated
with infectious complications, such as diabetes mellitus [34, 36], dysphagia [37], complications of malignancy

[38], undernutrition [39], leucopenia [36], prophylactic use of sulfamethoxazole/trimethoprim [40], alcoholism



[36], disease duration [41], activities of daily life [42], and the severity of underlying autoimmune diseases [36,
43]. Although corticosteroid dosage is known to be a risk factor for infection [39, 41], it could not be taken into
account in our study as the dosage varied during the observation period in most patients.

In conclusion, this study demonstrated that in outpatients with autoimmune diseases, there was a
decrease in respiratory and dermatological infectious complications and influenza during the COVID-19
pandemic compared with before the COVID-19 pandemic. The decrease might have resulted from lifestyle
changes or from virus-virus interactions with COVID-19, although many other factors, such as changes in
treatment trends, should be investigated further. These findings provide new information relevantio infection

control for patients in an immunosuppressive state.

Acknowledgements
We would like to thank medical staff (Akiko Sato, Noriko Chonan, and Sachiko Nitfa) for their contributions in
informing the patients and receiving their consent to participate in the,questionnaire survey at our outpatient

clinic.

Conflict of interest None.

Authors’ contributions

YO conceived the study, collectedand handled the data, created the questionnaire, planned and conducted
statistical analyses, and drafted the manuscript. YO, TK, MT, YS, TTa and TTs conducted the clinical
consultations with the’patientstand collected the data. JK planned the statistical analyses and contributed to
drafting the manuscript. Adl' authors contributed to the discussion, critically reviewed the manuscript, and have

given final approvalsfor publication.

References

1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A Novel Coronavirus from Patients with Pneumonia
in China, 2019. N Engl J Med 2020;382:727-733.

2. Anon. WHO advise for public. 2021. Available at:
who.int/emergemcies/diseases/novel-coronavirus-2019/advice-for-public.

3. Macintyre CR, Chughtai AA. Facemasks for the prevention of infection in healthcare and community



10.

11.

12.

13.

14.

15.

settings. BMJ 2015;350. Available at: https://doi.org/10.1136/bmj.h694.

Wong VWY, Cowling BJ, Aicllo AE, Kong H, Region SA, Kong H, et al. Hand hygiene and risk of
influenza virus infections in the community: A systmatic review and meta-analysis. Epidemiol Infect
2014;142:922-932.

Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schiinemann HJ, et al. Physical distancing, face masks, and
eye protection to prevent person-to-person transmission of SARS-CoV-2 and COVID-19: a systematic
review and meta-analysis. Lancet 2020;395:1973-1987.

Larson Elaine L, Ferng Yu-Hui, Wong-McLoughlin Jennifer, Wang Shyang, Haber Michael'MSS. Impact of
Non-Pharmaceutical Interventions on URIs and Influenza in Crowded , Urban Houséholds. 2010;125:178—
191.

Jefferson T, Foxlee R, Mar C Del, Dooley L, Ferroni E, Hewak B, et al. Geehrane Review: Interventions for
the interruption or reduction of the spread of respiratory viruses. Evidence-Based Child Heal A Cochrane
Rev J 2008;3:951-1013.

Aiello AE, Coulborn RM, Perez V, Larson EL. Effect of hand hygiene on infectious disease risk in the
community setting: A meta-analysis. Am J Public Health'\2008;98:1372—1381.

Mott PJ, Sisk BW, Arbogast JW, Ferrazzano-Yaussy, G, Bondi CAM, Sheehan JJ. Alcohol-based instant hand
sanitizer use in military settings: A" prespective cohort study of army basic trainees. Mil Med
2007;172:1170-1176.

Soo RJJ, Chiew CJ, Ma S, Pung R,"ke¢V, Lee VJ. Decreased influenza incidence under COVID-19 control
measures, Singapore. Bmerg Infect Dis 2020;26:1933-1935.

Kuitunen I. Influénzagseasen 2020-2021 did not begin in Finland despite the looser social restrictions during
the secondwave of GOVID-19: A nationwide register study. J Med Virol 2021:0-1.

Kuitynen I, Artama M, Mikeld L, Backman K, Heiskanen-Kosma T, Renko M. Effect of Social Distancing
Due tonthe COVID-19 Pandemic on the Incidence of Viral Respiratory Tract Infections in Children in
Finland during Early 2020. Pediatr Infect Dis J 2020;39:E423—-E427.

Schultz-Cherry S. Viral Interference: The Case of Influenza Viruses. J Infect Dis 2015;212:1690-1691.

Wu A, Mihaylova VT, Landry ML, Foxman EF. Interference between rhinovirus and influenza A virus: a
clinical data analysis and experimental infection study. The Lancet Microbe 2020;1:e254—e262.

Doran MF, Crowson CS, Pond GR, O’Fallon WM, Gabriel SE. Frequency of infection in patients with

rheumatoid arthritis compared with controls: A population-based study. Arthritis Rheum 2002;46:2287—



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

2293.

Chandrasekaran B, Fernandes S. COVID-19 infection and rheumatoid arthritis: Faraway, so close!
Autoimmun Rev 2020;14(4):337-339.

Hamilton CD. Immunosuppression Related to Collagen-Vascular Disease or Its Treatment. Proc Am Thorac
Soc 2005;2:456-460.

Alarcon GS. Infections in Systemic Connective Tissue Diseases: Systemic Lupus Erythematosus,
Scleroderma, and Polymyositis/Dermatomyositis. Infect Dis Clin North Am 2006;20:849-875.

Hutchinson D. Classification criteria: The 1987 American Rheumatism Association revisedicriteria for the
classification of rheumatoid arthritis. CPD Rheumatol 1999;1:13—-14.

Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO, et al#*2010“Rheumatoid arthritis
classification criteria: an American College of Rheumatology/Europeafiv League’ Against Rheumatism
collaborative initiative. Arthritis Rheum 2010;62:2569-2581.

Aringer M, Costenbader K, Daikh D, Brinks R, Mosca M, ‘Ramsey-@oldman R, et al. 2019 European
League Against Rheumatism/American College of Rheumatelogy classification criteria for systemic lupus
erythematosus. Ann Rheum Dis 2019;78:1151-115%

Dasgupta B, Cimmino MA, Maradit-KremersyHs, Schmidt WA, Schirmer M, Salvarani C, et al. 2012
Provisional classification criteria Jfor “polymyalgia rheumatica: A FEuropean League Against
Rheumatism/American College of Rheumatelogy collaborative initiative. Ann Rheum Dis 2012;71:484-492.
Tanaka Y, Kuwana M, Fujii\T, Kameda H, Muro Y, Fujio K, et al. 2019 Diagnostic criteria for mixed
connective tissue disease (MCTD): From the Japan research committee of the ministry of health, labor, and
welfare for systeic autotmmune diseases. Mod Rheumatol 2021;31:29-33.

Jennette J@, Falk RIyBacon PA, Basu N, Cid MC, Ferrario F, et al. 2012 Revised International Chapel Hill
consghsus confefence nomenclature of vasculitides. Arthritis Rheum 2013;65:1-11.

WmeharaH, Okazaki K, Kawa S, Takahashi H, Goto H, Matsui S, et al. The 2020 revised comprehensive
diagnostic (RCD) criteria for IgG4-RD. Mod Rheumatol 2021;31:529-533.

Lundberg IE, Tjiarnlund A, Bottai M, Werth VP, Visser M De, Alfredsson L, et al. EULAR/ACR
Classification Criteria for Adult and Juvenile Idiopathic Inflammatory Myopathies and their Major
Subgroups. Ann Rheum Dis 2018;76:1955-1964.

Hatchett RJ, Mecher CE, Lipsitch M. Public health interventions and epidemic intensity during the 1918

influenza pandemic. Proc Natl Acad Sci U S A 2007;104:7582—-7587.



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kawashima T, Nomura S, Tanoue Y, Yoneoka D, Eguchi A. The relationship between fever rate and
telework implementation as a social distancing measure against the COVID-19 pandemic in Japan. Public
Health 2021;192:12—14.

Teasdale E, Lalonde A, Muller I, El-Gohary M, Santer M, Chalmers J, et al. Patients’ understanding of
cellulitis and their information needs: A mixed-methods study in primary and secondary care. Br J Gen
Pract 2019;69:E279-E286.

Nickbakhsh S, Mair C, Matthews L, Reeve R, Johnson PCD, Thorburn F, et al. Virus-virus interactions
impact the population dynamics of influenza and the common cold. Proc Natl Aéad Sei U S A
2019;116:27142-27150.

Nowak MD, Sordillo EM, Gitman MR, Paniz Mondolfi AE. Coinfection in SARS-CoV-2 infected patients:
Where are influenza virus and rhinovirus/enterovirus? J Med Virol 2020;92"9699x.1700.

David Kim JQ. Rates of Co-infection Between SARS-CoV-2 and“@ther Respiratory Pathogens. JAMA
2020;MAY 26; 32:2085-2086.

Fanouriakis A, Kostopoulou M, Alunno A, Aringer M, Bajema I, Boletis JN, et al. 2019 update of the
EULAR recommendations for the management of systemi¢’lupus erythematosus. Ann Rheum Dis 2019:736—
745.

Ruiz-Irastorza G, Olivares N, Ruiz-Armza IZ\Martinez-Berriotxoa A, Egurbide MV, Aguirre C. Predictors of
major infections in systemic lupusferythematosus. Arthritis Res Ther 2009;11:1-8.

Nunokawa T, Yokogawa Ni, Shimada” K, Sugii S, Nishino J, Gosho M, et al. Prophylactic effect of
sulfasalazine against Pneumocystis pneumonia in patients with rheumatoid arthritis: A nested case-control
study. Semin ArthritispRhewm 2019;48:573-578.

Doran MEf Crowsons#CS, Pond GR, O’Fallon WM, Gabriel SE. Predictors of infection in rheumatoid
arthrifis. Arthwitis Rheum 2002;46:2294-2300.

LorresWAgsPectermans WE, Viegi G, Blasi F. Risk factors for community-acquired pneumonia in adults in
Europe: A literature review. Thorax 2013;68:1057-1065.

Lin L, Jia L, Fu Y, Zhao R, Huang Y, Tang C, et al. A comparative analysis of infection in patients with
malignant cancer: A clinical pharmacist consultation study. J Infect Public Health 2019;12:789-793.
Hasegawa E, Kobayashi D, Kurosawa Y, Taniguchi S, Otani H, Abe A, et al. Nutritional status as the risk
factor of serious infection in patients with rheumatoid arthritis. Mod Rheumatol 2020;30:982-989.

Ahmed H, Davies F, Francis N, Farewell D, Butler C, Paranjothy S. Long-term antibiotics for prevention of



41.

42.

43.

recurrent urinary tract infection in older adults: Systematic review and meta-analysis of randomised trials.
BMJ Open 2017;7:1-7.

Komano Y, Tanaka M, Nanki T, Koike R, Sakai R, Kameda H, et al. Incidence and risk factors for serious
infection in patients with rheumatoid arthritis treated with tumor necrosis factor inhibitors: A report from the
registry of Japanese rheumatoid arthritis patients for longterm safety. J Rheumatol 2011;38:1258-1264.
Zainab Toteh Osakwe, Elaine Larson JS. Urinary tract infection-related hospitalization among older adults
receiving home health care. Am J Infect Control 2019;47:786—792.

Takeuchi T, Tatsuki Y, Nogami Y, Ishiguro N, Tanaka Y, Yamanaka H, et al. Postmarketin illance of

the safety profile of infliximab in 5000 Japanese patients with rheumatoid art heum Dis

S

2008;67:189-194.



Legends

Figure 1. Flow chart of patient selection.

Total survey population for group 2019 (n=1562)
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- death (n=32, 3 cases were infection related)
——’ - no follow up data (n=94)

- prolongation of visit interval over 12 weeks (n=120, 2 cases
were due to long-term hospitalization related to infection)
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Study cohort as group 2019 (n=1316)
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| 288 with infectious complication ’ | 1028 without infectious complication

I Total survey population for group 2020 (n=1584) |

Excluded (n=300)
- death (n=17, 1 case was infection related)
—+ - no follow up data (n=90)

- prolongation of visit interval over 12 weeks (n=193, 2 cases
were due to long-term hospitalization related to infection)
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208 with infectious complication | | 1076 without infectious complication




Table 1. Comparison of baseline patient characteristics between the two groups.

Values that do not conform to the normal distribution are expressed as the median (IQR: interquartile range).
RA: rheumatoid arthritis; SLE: systemic lupus erythematosus; PMR: polymyalgia rheumatica; MCTD: mixed
connective tissue disease; PM/DM: polymyositis/dermatomyositis; PsA: psoriatic arthritis; MPA: microscopic
polyangiitis; EGPA: eosinophilic granulomatous polyangiitis; IgG4-RD: IgG4-related disease; AOST:
adult-onset Still’s disease; AS: ankylosing spondylitis; RSSSPE: remitting seronegative symmetrical synovitis
with pitting edema; PN: polyarteritis nodosa. JAK inhibitor: Janus kinase inhibitor; MTX: methotrexate; INMIG:
intravenous immunoglobulin.

*Others include aortitis, granulomatosis with polyangiitis, antiphospholipid syndrome,
synovitis-acne-pustulosis-hyperostosis-osteitis syndrome, Castleman’s disease, relap§ing polychondritis,
fibromyalgia, autoinflammatory syndrome, familial mediterranean fever, pachydermeperiostosis, interstitial
pneumonia without any other autoimmune disease criteria, gout, undifferentiated arthritis, eosinophilia, and
follow-up of positivity of autoantibodies.

PRespiratory comorbidity includes interstitial pneumonia, organiziag pnetimonia, lung fibrosis, bronchial asthma,
bronchiectasis, emphysema, lung tumor (including post@peratién), old tuberculosis, and chronic
non-tuberculous mycobacteriosis.

“Biologics includes infliximab, etanercept, adalimumab, tocilizumab, sarilumab, certolizumab pegol, golimumab,
abatacept, mepolizumab, and rituximab.

Other immunosuppressive agent§includesgacrolimus, cyclophosphamide, cyclosporine, azathioprine,
mizoribine, and mycophendlatejmofetil.

‘Immunomodulators ficludes Salazosulfapyridine, hydroxy chloroquine, bucillamine, iguratimod, colchicine, and
gold.

No special agentsefmeans treatment without agents listed above. Patients may have received other agents such
as nen-steroidal anti-inflammatory agents, anticoagulants, and vasodilators.

*A two-tailed p<.05 was considered statistically significant.

Table 2. Comparison of infectious complications between the two groups
*Other respiratory tract infections include bronchitis (52 cases in Group 2019 vs. 24 cases in Group 2020),
empyema (1 vs. 0), pleural effusion that improved with antibiotics (1 vs. 0), and non-tuberculous mycobacterium

infection (1 vs. 4).



"Non-viral dermatological infections include cellulitis (20 vs. 7), post-traumatic infections, some of which were
related to foot deformity (16 vs. 10), infection of pores (5 vs. 4), abscess around the nail (4 vs. 2), and

unexplained infection (5 vs. 4). *A two-tailed p<.05 was considered statistically significant.

Figure 2. Percentage of infectious complications per month in each group. (a) Incidence rates for the total of
infectious events. (b) Incidence rate according to classification. Other respiratory infections included bronchitis,

empyema, pleural effusion that improved with antibiotics, and non-tuberculous mycobacterium infection.

Non-viral dermatological infections included cellulitis, post-traumatic infection, infection of poré

around the nail, and unexplained infection.



(a)

total infectious events

Iperson, (%)

Feb.2019 mE——

Mar.

Apr

May
Jun.

2019

Jul.

Aug. I
Sep. N
Oct. I
Nov. I

Dec. N
Jan.2020

(%)

3.5

2.5

1.5

0.5

2020

May HE—

Jun,

Jul.

Aug. I

Oct. m—

Nov. I

Dec. IE——
Jan.2021 EE—

Mar.
Apr.

Feb.2020
Sep. I



(%)

(%)

(b)

o
o

Loz uer
‘58(]
‘AON
Rilel
‘deg
By
Inp
‘unp
Aew
udy
Jep

W 020Z'9ed

R
o o o

"0aQ

‘AON

0

‘deg

By

‘nr

unp

Aepy

m udy

- el
—— 107024

s (207 UEN
—
-

influenza

0.6
0.4

0.2

0.6
0.4
0.2

p ®

0|||I||I|II.I

pneumonitis

L2oz uer
38Q
“AON

PO

‘deg
By

‘e

unp

Rep

udy

Tep
0Z0Z'9ed

0cog uer
28Q
‘AON

0

‘deg
By

‘Inf

unp

fep

Jdy

ey
61L0Z'924

@ ©
= S -

Lgog uer
m 03(
- 0N
H 100
mmm dog
m Bny
| nr
m unr
. fep
m udy
gL
— (020C g4

€ oo
o o

(0207 uer
[ elclg]
— ON

- 100

m dog
e Gy

other respiratory

0.4

0.4

03
0.2
0.1

0

0.3
0.2
0.1

0

herpes zoster

Leog uer
98Q
"AON

100

‘deg
By

‘Inr

‘unp

few

“ady

T
0202924

Q0zoz uer
28
‘AON

Rile}

‘deg
‘Bny

‘Int

unp
Aep

ady

R
6loz'ded

1
0.8
0.6

1
0.8
0.6
0.4

0.4
02
0

0.2
0

herpes simplex

Lzog uer
29
‘AON

R0)

‘deg
By

‘nr

‘unp

Aepy

ady

ey
0zogasd

ozog'uer
‘08
‘AON

PO

‘deg
By

nr

unp

e

1dy

LN
6102924

@
o

0.8
0.6
0.4

N 207 uer
. 030
. AON

PO

mm des

mm Bny
- nr

‘unp

m fep

- iy

el
N (0202994

© oo
o o o
(202 Uer
220
"AON
= 0
m dog
mm Bny
O
- unp
e
udy
I e
W 610Z'9e4

N o
(=]

dermatological
(non-viral)



g

. 170z 'uer
030
"AON
- 0
— dog
Ny
Uy
- unp
[
m dy
I el
0702 G2

~OOTON—O
[eleleielelele]

I 0207 ver
[ Ee=Tg|
Em \ON
120
mm deg
m Ony
Il
m unp
[
“Jdy
BN

mm 602984

urological

0.5

0.5
0.4

0.4
0.3
0.2
01

0.3
0.2
0.1

0

gastrointestinal

L2oc uer
98Q
‘AON

o

‘deg
By

e

‘unp

e

dy

e
0202’98

0

ozoz'uer
280
"AON

00

‘dag

By

6102924

0.5
0.4
0.3
0.2
0.1

0.5
0.4

otolaryngological 0.3

0.2
0.1

0

0

Lzoz uer
EClal
"AON

grle}

‘deg
By

ne

unp

Rey

ady

ey
020z'9e4

0cog'uer
28q
‘AON

PO

‘dag
By

e

unp

ey

udy

e
6L0g'994

0.3
02

inHi. I
" 8

0.3
0.2

1

0

dental

0

Leozuer
el=la]

"AON

Rele]

‘deg
By

np

‘unp

L=

ady

Jepy
020z'9e4

0Zog uer
08Q

noN

wo

‘dag
By

‘nr

‘unr
Repy

dy

ey
6102'924

0.6

0.6

0.4
0.2
0

(gynecological,

others

0.2
IIIIIIIIIII

Lgog uer
Rellg}
"AON

Rele}

‘deg
By

‘Ine

unp

Ae

Idy

e
0c0z'9ed

0

ozoz'uer
0aq
‘AON
p=lo]
deg
By

6lL0Z'9ed

opthalmic,
orthopedic,

cardiac,

or unknown origin)



Figure 3. Binomial logistic regression analyses using an episode of infection as an event.
OR: odds ratio; 95%CI: 95% confidence interval; f: standardized partial regression coefficient; Wald: Wald test

of partial regression coefficient. *A two-tailed p<.05 was considered statistically significant.

Group 2019 OR 95%CI B 95%CI Wald p Value 2q19
age 100 [08941 10137] 008 [-00059 00136] 060 440
male 1.03 [0.7593 1.3967] 0.01 [-0.2753 0.3341] 004 850 Lo ad
corticosteroids 188 [14048 25168] 031 [0.3399 0.9230] 1802 <.001* Land
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immunasuppressants 108 [08093 14422] 004 [-02116 03661] 028 600 A ad
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immunomodulators 065 [ 04657 09065] -021 [0.7642 -0.0082] 644 0117 ha
respiratory comorbidities  1.71 [1.2267 23711] 025 [02044  08633] 1008 001" [
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Figure 4. Questionnaire results.
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Table 1

Group Group
2019 2020
(n=1316) (n=1284) p value
Median age, years (IQR) 66 (57-75) | 67 (55-75)
Male, n (%) 346 (26.3) | 339 (26.3)
Diagnosis, n(%)
RA 842 (64.0) | 814 (63.4) .76
SLE 126 (9.6) 127 (9.9) .79
Sjogren syndrome 52 (4.0) 51 (4.0) .98
PMR 43 (3.3) 49 (3.8) .45
MCTD 43 (3.3) 41 (3.2) .91
systemic sclerosis 39 (3.0) 364(2+8) .81
PM/DM 36 (2.7) 46y(3.6) .22
PsA 23 (1.7) 18 (1.4) .48
MPA 21 (1.6) 19 (1.5) .81
Behcet's disease 17+(1.3) 15(1.2) .78
EGPA 17 (1.3) 23 (1.8) .30
IgG4-RD 13(1.0) 10 (0.8) .57
AOSD 12 (0.9) 15(1.2) .52
AS 10 (0.8) 7 (0.5) .50
RSSSPE 10 (0.8) 6 (0.5) .34
Raynaud syndrome 9 (0.7) 9(0.7) .96
PN 7 (0.5) 9(0.7) .58
others® 61 64
Respiratory€omorbidities®, n (%) 400 (30.4) | 411 (32.0) 37
Treatment, n (%)
corticosteroid use 555 (42.2) | 569 (44.3) .27
JAK inhibitor use 77 (5.7) 92 (7.1) A7
biologics® use 335 (25.5) | 340 (26.5) .55
MTX use 434 (33.0) | 430(33.5) .78
other immunosuppressant® use | 447 (34.0) | 475 (37.0) 1
immunomodulator® use 435 (33.1) | 510(39.7) <.001*
salazosulfapyridine 324 (24.6) | 370 (28.8) .02*




bucillamine 61 (4.6) 69 (5.4) .23
igratimod 45 (3.4) 72 (5.6) .01*
hydroxychloroquine 28 (2.1) 44 (3.4) .04*
no special agent use' 86 (6.5) 60 (4.7) .04*
IVIG use 2(0.2) 2(0.2)
cancer chemotherapy 1(0.1) 2(0.2)
Table 2
group 2019 | group 2020
(n=1316) (n=1284) pValue
number of patients with
infections, n (%) 288 (21.9) | 208 (16.2) <001
total number of infections, n
(/100 person-years) 369 (28.0) | 249 (19.4) <001*
event, n (/100 person-years)
respiratory tract infection 131 (10.0) 45 (3(5) <.001*
influenza 28 (2.1) 1(0:1) <.001*
pneumonia 48 (3:6) 20 (1.6) <.001*
other® 5544.2) 24 (1.9) <.001*
dermatological infection 94 (7.1) 59 (4.6) .006*
herpes zoster 29(2.2) 23 (1.8) 45
herpes simplex 15(1.1) 9(0.7) .24
non-viral® 50 (3.8) 27 (2.1) .001*
Urological infection 44 (3.3) 49 (3.8) .52
gastrointestinal inféction 38 (2.9) 38 (3.0) 91
diarrhea@and/or vomiting 33 (2.5) 29 (2.2) .68
appendicitis, diverticulitis,
or gallstone cholecystitis 5(0.4) 9 (0.7) .26
otolaryngological infection
(otitis media, sinusitis, etc.) 28 (2.1) 27 (2.1) .96
dental infection 14 (1.1) 13 (1.0) .95
other 20 (1.5) 18 (1.4)




