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Influenza infection as a trigger 
for systemic lupus erythematosus 
flares resulting in hospitalization
Young Bin Joo, Ki‑Jo Kim, Kyung‑Su Park & Yune‑Jung Park*

In patients with systemic lupus erythematosus (SLE), there are concerns that infections may increase 
the risk of flares. We evaluated the association between influenza infection and SLE flares resulting 
in hospitalization. SLE flares resulting in hospitalization and influenza cases were ascertained from 
the Korean national healthcare insurance database (2014–2018). We used a self-controlled case series 
design. We defined the risk interval as the first 7 days after the influenza index date and the control 
interval was defined as all other times during the observation period of each year. We estimated the 
incidence rates of SLE flares resulting in hospitalization during the risk interval and control interval 
and compared them using a Poisson regression model. We identified 1624 influenza infections among 
the 1455 patients with SLE. Among those, there were 98 flares in 79 patients with SLE. The incidence 
ratio (IR) for flares during the risk interval as compared with the control interval was 25.75 (95% 
confidence interval 17.63–37.59). This significantly increased the IRs for flares during the risk interval 
in both women (IR 27.65) and men (IR 15.30), all age groups (IR 17.00–37.84), with and without 
immunosuppressive agent (IR 24.29 and 28.45, respectively), and with and without prior respiratory 
diseases (IR 21.86 and 26.82, respectively). We found significant association between influenza 
infection and SLE flares resulting in hospitalization. Influenza infection has to be considered as a risk 
factor for flares in all SLE patients regardless of age, sex, medications, and comorbidities.

Systemic lupus erythematosus (SLE) is an autoimmune disease wherein patients often experience repeated disease 
flares during the disease course. These flares are related to poor outcomes; it has been reported that severe flares1,2 
and the number of flares3 are associated with accrual of irreversible organ damage, which links to mortality4–6. 
Thus, prevention of flares is an important target in the management of SLE.

There are several known risk factors for disease flares such as ultraviolet7–9, infections7,10–12, and 
hormones7,13,14. Among the risk factors for disease flares, some environmental factors such as ultraviolet and 
infections could be modified with effort by the patient. For example, patients with SLE are recommended to use 
sunblock to avoid ultraviolet exposure. In addition, the risk of infection such as influenza or pneumococcus can 
be reduced through vaccination and personal hygiene management.

Influenza is a frequently occurring infection; however, unlike for other viruses such as herpes and cytomeg-
alovirus, influenza vaccination has been developed and are recommended annually in people with high risk. 
Exposure to influenza could easily occur in patients with SLE and may increase the risk of SLE flares15. The 
concept that the immune response to viral infection is different in patients with SLE than in healthy individuals 
supports the possible triggering effect of the influenza virus on SLE flares. For example, the type I interferon 
(IFN) system is activated to defend against viral infection in healthy individuals and is normally terminated after 
eradicating the pathogen16. However, a dysregulated type I IFN system in SLE stimulates continuous produc-
tion of IFN through the presence of endogenous nucleic acids, which could increase disease activity in SLE16.

Infections have been associated with a higher risk of SLE flares, but the impact of influenza infection on SLE 
flares has not been evaluated. Therefore, we conducted an assessment in a lupus cohort.

Results
Baseline characteristics of the patients in the study.  There was a total of 24,749 prevalent patients 
with SLE in the database between July 2014 and June 2018. Of them, 1455 patients with SLE experienced 1624 
influenza infections. After the exclusion criteria were applied, 79 patients with SLE who had 83 influenza infec-
tions and 98 SLE flares resulting in hospitalization during observational period were included in the analysis 
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according to the inclusion and exclusion criteria. The flow chart showing patient selection according to the 
exclusion criteria is provided in Fig. 1.

The mean age of patients with SLE with flares resulting in hospitalization was 35.7 (SD 14.9) years and 68 
(86.1%) were women (Table 1). Information regarding medications, comorbidities, previous SLE flares, and 
previous respiratory disease of the patients is presented in Table 1.

Incidence ratios for SLE flares resulting in hospitalization after influenza infection.  The estimated incidence ratio 
(IR) for SLE flares resulting in hospitalization during the risk interval as compared with the control interval was 
25.75 (95% confidence interval 17.63–37.59) (Table 2). As we divided the risk interval into days 1–3 and days 
4–7, the IR for SLE flares resulting in hospitalization was 21.81 (14.71–32.35) and 7.56 (3.69–15.47), respectively. 
That is, the effect of influenza infection on SLE flares resulting in hospitalization is stronger in the early period 
(days 1–3) after the influenza infection, but a similar positive association was seen in the later period (days 4–7) 
as well, although its effect is smaller than that in the early period.

Sensitivity analysis.  As wash-out period prior to SLE flares resulting in hospitalization was extended to 
8 weeks or 12 weeks, the estimated IR for SLE flares resulting in hospitalization was 30.08 (19.98–45.29) and 
28.76–18.79 44.01), which was similar to those using 4 weeks wash-out period (Table 3). Sensitivity analyses 
according to different control interval (preexposure or postexposure 25 weeks) and different definitions of SLE 
flares and influenza infection were conducted. The estimated IR for SLE flares resulting in hospitalization during 
the risk interval as compared with the postexposure control interval was 26.02 (22.07–30.69) and that compared 
with the preexposure control interval was 24.81 (20.45–30.10). As the SLE flare was limited to the use of gluco-
corticoid ≥ 30 mg or ≥ 50 mg, the estimated IRs for SLE flares resulting in hospitalization were not different (IR 
23.54 vs. 24.95, ≥ 30 mg vs. ≥ 50 mg, respectively). In the case that influenza infection was defined with diagnosis 
code or medication code, the result was not different to the case wherein the influenza infection was defined with 
only the medication code (IR 22.73).

Subgroup analysis.  In both women and men, the IR for SLE flares resulting in hospitalization was higher 
in the risk interval than in the control interval (IR 27.65 vs. 15.30, women vs men, respectively) (Table  4). 
The effects of influenza infection on SLE flares resulting in hospitalization were not different according to age 
group and the use of immunosuppressive agent. Presence or absence of previous respiratory disease during the 
6 months prior to hospitalization was not associated with an increased or decreased risk for SLE flares resulting 
in hospitalization after influenza infection.

Discussion
Using the longitudinal data from the population-based cohort, we examined the impact of the influenza infection 
on SLE flares resulting in hospitalization. We found a significant impact with influenza infection on increased 
SLE flares resulting in hospitalization within seven days after influenza infection.

The self-controlled case series design is proposed to investigate the associations between acute outcomes 
and transient exposures involving only cases who have experienced the outcome of interest17. One of the main 
advantages of the case series method is that it controls the confounders that do not vary with time over the 
observational periods, such as genetics, socio-economic status, and severity of underlying disease17. Thus, the 

24,749 prevalent patient with SLE between July 1st 2014 and June 30th 2018 

1,624 influenza infections among the 1,455 patient with SLE 

83 influenza infections and 112 flares among the 79 patient with SLE 

• 1,376 patients with SLE who did not have a hospitalization-related flares 
within 26 weeks before or 26 weeks after the influenza infection

83 influenza infections and 98 flares among the 79 patient with SLE 

• 14 hospitalization-related flares within 4 weeks after a previous 
hospitalization for flares were excluded

82 influenza infections and 98 flares among the 79 patient with SLE 

• One repeated influenza infection during the same influenza season was 
excluded

Excluded:

Figure 1.   Patient selection flow chart. SLE systemic lupus erythematosus.



3

Vol.:(0123456789)

Scientific Reports |         (2021) 11:4630  | https://doi.org/10.1038/s41598-021-84153-5

www.nature.com/scientificreports/

self-controlled case series design, which is adjusted for factors mentioned above, is useful to identify the associa-
tion between SLE flares (acute outcome) and influenza infection (transient exposure) using claims data rather 
than nested case–control design.

SLE flares as an outcome of interest in the study was focused in the case with hospitalization for SLE activity. 
The SELENA SLEDAI18 shows the items that indicate severe flare. Among them, an increase in the prednisone 

Table 1.   Baseline characteristics of 79 patients with SLE. Values are presented as N (%) or mean ± standard 
deviation. Table shows the information at the time of the first flares during study period among the 79 
patients with SLE who have experienced a total of 98 SLE flares. SLE systemic lupus erythematosus, CCI 
Charlson comorbidity index. a Immunosuppressive agents which have been prescribed during 6 months before 
hospitalization. b Respiratory disease codes were extracted from International Classification of Disease (ICD)-
10 codes (I27.8, I27.9, J40.x-J47.x, J60.x-J67.x, J68.4, J70.1, J70.3) for Charlson comorbidity index analysis.

Characteristic Value

Number of patients 79

Age, year

Mean 35.7 ± 14.9

Age group

 < 20 12 (15.2)

20–29 18 (22.8)

30–39 18 (22.8)

40–49 18 (22.8)

 ≥ 50 13 (16.5)

Sex

Women 68 (86.1)

Men 11 (13.9)

Immunosuppressive agentsa

At least one immunosuppressive agent listed below 68 (86.1)

Intravenous cyclophosphamide 5 (6.3)

Mycophenolate mofetil 22 (27.9)

Methotrexate 3 (3.8)

Azathioprine 6 (7.6)

Cyclosporine 5 (6.3)

Tacrolimus 11 (13.9)

Hydroxychloroquine 42 (53.2)

Glucocorticoid 67 (84.8)

Dose, mg/day

 ≤ 5 31 (46.3)

 > 5, ≤ 10 13 (19.4)

 > 10, ≤ 20 17 (25.4)

 > 20 7 (10.5)

Comorbidities

CCI index, mean value 1.96 ± 1.60

CCI index 0 14 (17.7)

 1–2 39 (49.4)

 ≥ 3 26 (32.9)

Previous respiratory diseases during the 6 months prior to hospitalizationb

Yes 17 (21.5)

No 62 (78.5)

Table 2.   Incidence ratios for SLE flares resulting in hospitalization after influenza infection. SLE systemic 
lupus erythematosus, CI confidence interval.

Risk interval Incidence ratio 95% CI

During risk interval for 7 days/control interval 25.75 17.63–37.59

Days 1–3/control interval 21.81 14.71–32.35

Days 4–7/control interval 7.56 3.69–15.47
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dose to > 0.5 mg/kg/day or hospitalization indicated severe flare. Considering the factors suggested in the 
SELENA SLEDAI, only the cases who have SLE code as a main diagnostic code on admission as well as who 
have been treated with moderate to high doses of steroids were selected in the analysis. Regarding steroid dosage, 
we defined a steroid dose ≥ 20 mg/day as a component of flares considering moderate to severe flares. Instead, 
we conducted sensitivity analysis using different steroid doses such as ≥ 30 mg/day or ≥ 50 mg/day. All the results 
according to different dosage of steroid in the sensitivity analysis showed similar results as those of the steroid 
dose ≥ 20 mg/day.

This study has some limitations. First, the influenza infection was not confirmed by a laboratory test but by 
the prescription code for oseltamivir phosphate. Therefore, in the design of our study, it is very important to 
ensure that patients prescribed oseltamivir phosphate are real patients with influenza infection. If patients were 
prescribed oseltamivir phosphate for flu-like symptoms without an influenza laboratory test, but the flu-like 
symptoms were found to be symptoms in the early stage of lupus flare, incidence rate of “flare triggered by flu” 
may have been miscalculated. In South Korea, however, it is common practice in the medical institutions to per-
form an influenza diagnostic test prior to oseltamivir phosphate prescription. South Korea has a different medical 

Table 3.   Sensitivity analysis of incidence ratios for SLE flares resulting in hospitalization after influenza 
infection. SLE systemic lupus erythematosus, CI confidence interval.

Variable Incidence ratio (95% CI)

Wash out period prior to hospitalization

8 weeks 30.08 (19.98–45.29)

12 weeks 28.76 (18.79–44.01)

Control interval

Preexposure 26 weeks 24.81 (20.45–30.10)

Postexposure 25 weeks 26.02 (22.07–30.69)

SLE flares

Use of glucocorticoid ≥ 30 mg/day 23.54 (9.43–58.77)

Use of glucocorticoid ≥ 50 mg/day 24.95 (13.67–45.55)

Influenza infection defined with

Diagnosis code or medication code 22.73 (16.37–31.57)

Table 4.   Subgroup analysis of incidence ratios for SLE flares resulting in hospitalization after influenza 
infection. SLE systemic lupus erythematosus, CCI Charlson comorbidity index. a Immunosuppressive agents or 
steroids which have been prescribed during 6 months before hospitalization. b Respiratory disease codes were 
extracted from International Classification of Disease (ICD)-10 codes (I27.8, I27.9, J40.x-J47.x, J60.x-J67.x, 
J68.4, J70.1, J70.3) for Charlson comorbidity index analysis.

Subgroup Incidence ratio (95% CI)

Sex

Women 27.65 (18.38–41.62)

Men 15.30 (5.23–44.76)

Age group

< 20 25.50 (11.10–58.50)

20–29 27.20 (11.92–62.07)

30–39 23.54 (9.43–58.77)

40–49 17.00 (5.98–48.35)

 ≥ 50 37.84 (19.52–73.36)

Use of immunosuppressive agenta

Yes 24.29 (14.87–39.67)

No 28.45 (15.76–51.33)

Use of corticosteroida

Yes 22.30 (14.77–33.67)

No 59.50 (21.82–162.23)

Comorbidities

CCI index 0 35.06 (18.41–66.76)

 ≥ 1 20.04 (12.95–31.02)

Previous respiratory diseases during the 6 months prior to hospitalizationb

Yes 21.86 (9.59–49.84)

No 26.82 (17.50–41.11)
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system than other countries, and people with influenza infection can easily access physicians and be prescribed 
oseltamivir phosphate. Rapid result report of influenza diagnostic test (10 min to 2 h) and reasonable cost of 
influenza diagnostic test let both patients and doctors conduct the influenza diagnostic test prior to oseltami-
vir phosphate prescription. In addition, Korean insurance guidelines are presented to prescribe oseltamivir in 
influenza confirmed patients or strongly suspected patients who have certainly respiratory symptoms except 
fever. Fever is a common symptom but respiratory symptoms are not common in early stage of lupus flare. The 
possibility that patients prescribed oseltamivir phosphate do not have real influenza infection is very low in 
Korean medical circumstance.

Second, we did not consider intravenous peramivir as a medication code for influenza. Peramivir is not cov-
ered by insurance and is therefore not identified in claims data in South Korea. However, peramivir is usually 
prescribed as a second line medication or is limited to patients who find it difficult to take medicine. Nevertheless, 
it is possible that patients with influenza treated with peramivir were missing.

Considering these two limitations, we further conducted sensitivity analysis with influenza infection defined 
using a diagnosis code or medication code, which showed a significant association between influenza infection 
and SLE flares resulting in hospitalization as the main result in the study.

Lastly, adherence to medication, which is one of the possible risk factors for flares, was not considered due to 
limitation of claims data. Compared to the case–control study design, however, this effect is thought to be small 
as this study was conducted in only cases.

In conclusion, we found a significant association between influenza infection and SLE flares resulting in 
hospitalization. Possibility of increased risk for SLE flares resulting in hospitalization within seven days after 
influenza infection has to be considered when treating and educating patients with SLE.

Methods
Ethics statement.  This study protocol was approved by the Institutional Ethics Review Board (IRB) of St. 
Vincent’s Hospital, Catholic University of Korea (VC17ZESI0103). All methods were performed in accordance 
with the relevant guidelines and regulations. The need for written informed consent was waived by the IRB of St. 
Vincent’s Hospital, Catholic University of Korea because data were de-identified and collected retrospectively.

Data source.  A population-based SLE prevalent cohort from July 2014 to June 2018 was constructed using 
the Korean national healthcare insurance (KNHI) database. All people in South Korea are eligible for cover-
age under the KNHI Program. This database contains individual information about healthcare service usage 
(diagnostic code, length of stay, treatment costs, services received) and prescription records (drug code, days 
prescribed, daily dosage).

Definitions of SLE, SLE flares resulting in hospitalization, and influenza infection.  SLE, SLE flares, and influenza 
infection were identified using the diagnostic code or/and prescription code or/and medical care utilization code 
in the KNHI database.

The diagnosis of SLE was made based on the diagnostic code for both SLE International Classification of 
Disease (ICD)-10 code M32 and rare intractable disease (RID) code V136. The RID is a registration system 
operated by the KNHI. Only SLE patients who fulfil the 1997 American College of Rheumatology (ACR)19 or 
the 2012 Systemic Lupus International Collaborating Clinics (SLICC)20 classification criteria are registered in 
the RID system by physicians, mainly rheumatologists.

As the outcome, SLE flares resulting in hospitalization was defined based on two components. That is, among 
the SLE patients with both ICD-10 code M32 and RID code V136, SLE flares resulting in hospitalization was 
defined in the cases that were both hospitalized for more than two days and prescribed corticosteroids ≥ 20 mg/
dl for more than one day.

Influenza infection was defined in the cases that have prescription code for oseltamivir phosphate, which 
is a medication for influenza treatment (358901ACH, 358902ACH, 358903ACH, 358907ACH, 358907ASS, 
358908ASS, 358909ASS, 358910ASS). The index date is the first day to be prescribed oseltamivir phosphate in 
the influenza season. As influenza tends to occur during autumn to spring and to peak in winter, each period 
of influenza season in the study was defined from July in the year to June in the next year (e.g. Jul 2014 to Jun 
2015 or Jul 2016 to Jun 2017).

Inclusion and exclusion criteria.  We included the SLE patients who fulfilled the SLE operational defini-
tion and have experienced influenza infection after being diagnosed with SLE. Among the patients with SLE 
treated from July 1st 2014 to June 30th 2018, patients with SLE who did not have any SLE flares resulting in hos-
pitalization within 26 weeks before or 26 after influenza infection were excluded. Moreover, SLE flares resulting 
in hospitalization within 4 weeks after a previous hospitalization for flares were excluded as the repeated flares 
within a short period could be an incomplete cure of the first flare. Lastly, only one patient who had repeated 
influenza infection during the same influenza season was excluded (the gap between first and second influenza 
index date was 38 days).

Study design.  This is a historic cohort study and was conducted to investigate the association between 
influenza infection (a transient exposure) and SLE flares (an acute outcome). To exclude the effects of possible 
confounding factors on the outcome of interest, self-controlled case series design was used in this study (Fig. 2). 
The risk interval was defined as the first 7 days from the index date of influenza infection. The control interval 
was defined as all other times during the observation period. In the case that the index date of influenza infection 
is January 1st 2016, for example, the risk interval is from January 1st to January 7th and the control interval is 
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from July 1st 2015 to June 30th, except for the 7 days of risk interval. The control interval was divided into the 
preexposure and postexposure control interval. Preexposure control interval means for the 26 weeks before the 
influenza index date and postexposure means for the 25 weeks after the last day of risk interval.

Statistical analysis.  Based on a self-controlled case series analysis, which could investigate a transient 
exposure and an acute outcome within only “case” individuals who have experienced the outcome of interest 
with fixed effects covariates17, we estimated the incidence rates of SLE flares resulting in hospitalization dur-
ing risk interval and control interval and compared them using a fixed-effects conditional Poisson regression 
model. The model allows auto-correlation and can be used in the data having multiple exposure and outcome 
occurrences21,22.

A sensitivity analysis further conducted to confirm the robustness of our results. First, wash-out period prior 
to SLE flares resulting in hospitalization was extended to 8 weeks or 12 weeks to ensure that each hospitalization 
is a new episode of flare, not a partially treated prior episode. Second, control interval was limited to preexposure 
26 weeks or postexposure 25 weeks to identify that previous influenza infection have remote effect on lupus 
flares. Third, SLE flares resulting in hospitalization were limited to the use of corticosteroid ≥ 30 mg or ≥ 50 mg. 
Lastly, influenza infection was defined as cases with either the influenza diagnosis code or oseltamivir phosphate 
medication code.

We performed subgroup analysis according to the age group (< 16 years, 16–49 years, and ≥ 50 years), sex, 
use of immunosuppressive agents or glucocorticoids, dose of glucocorticoid, and comorbidities based on the 
Charlson comorbidity index. Immunosuppressive agents included cyclophosphamide, mycophenolate mofetil, 
methotrexate, azathioprine, cyclosporine, tacrolimus, and hydroxychloroquine.

All statistical analyses were performed using SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA). 
A p value < 0.05 was considered statistically significant.

Received: 12 August 2020; Accepted: 5 February 2021

References
	 1.	 Stoll, T., Sutcliffe, N., Mach, J., Klaghofer, R. & Isenberg, D. A. Analysis of the relationship between disease activity and damage 

in patients with systemic lupus erythematosus—A 5-yr prospective study. Rheumatology 43, 1039–1044. https​://doi.org/10.1093/
rheum​atolo​gy/keh23​8 (2004).

	 2.	 Mok, C. C., Ho, C. T., Wong, R. W. & Lau, C. S. Damage accrual in southern Chinese patients with systemic lupus erythematosus. 
J. Rheumatol. 30, 1513–1519 (2003).

	 3.	 Ugarte-Gil, M. F. et al. The number of flares patients experience impacts on damage accrual in systemic lupus erythematosus: Data 
from a multiethnic Latin American cohort. Ann. Rheum. Dis. 74, 1019–1023. https​://doi.org/10.1136/annrh​eumdi​s-2013-20462​
0 (2015).

	 4.	 Keeling, S. O. et al. Measuring disease activity and damage with validated metrics: A systematic review on mortality and damage 
in systemic lupus erythematosus. J. Rheumatol. 45, 1448–1461. https​://doi.org/10.3899/jrheu​m.17131​0 (2018).

	 5.	 Segura, B. T. et al. Damage accrual and mortality over long-term follow-up in 300 patients with systemic lupus erythematosus in 
a multi-ethnic British cohort. Rheumatology (Oxford) 59, 524–533. https​://doi.org/10.1093/rheum​atolo​gy/kez29​2 (2020).

	 6.	 Ippolito, A. & Petri, M. An update on mortality in systemic lupus erythematosus. Clin. Exp. Rheumatol. 26, S72-79 (2008).
	 7.	 Fernandez, D. & Kirou, K. A. What causes lupus flares?. Curr. Rheumatol. Rep. 18, 14. https​://doi.org/10.1007/s1192​6-016-0562-3 

(2016).
	 8.	 Bijl, M. & Kallenberg, C. G. Ultraviolet light and cutaneous lupus. Lupus 15, 724–727. https​://doi.org/10.1177/09612​03306​07170​

5 (2006).
	 9.	 Caricchio, R., McPhie, L. & Cohen, P. L. Ultraviolet B radiation-induced cell death: Critical role of ultraviolet dose in inflammation 

and lupus autoantigen redistribution. J. Immunol. 171, 5778–5786. https​://doi.org/10.4049/jimmu​nol.171.11.5778 (2003).
	10.	 Chougule, D. et al. Association of clinical and serological parameters of systemic lupus erythematosus patients with Epstein-Barr 

virus antibody profile. J. Med. Virol. 90, 559–563. https​://doi.org/10.1002/jmv.24904​ (2018).
	11.	 Hsu, T. C. & Tsay, G. J. Human parvovirus B19 infection in patients with systemic lupus erythematosus. Rheumatology (Oxford) 

40, 152–157. https​://doi.org/10.1093/rheum​atolo​gy/40.2.152 (2001).
	12.	 Pavlovic, M., Kats, A., Cavallo, M. & Shoenfeld, Y. Clinical and molecular evidence for association of SLE with parvovirus B19. 

Lupus 19, 783–792. https​://doi.org/10.1177/09612​03310​36571​5 (2010).

Risk intervalDesign 
Self-controlled case series design

7 days

Index date 
of influenza infection

SLE flares 

Control intervalControl interval

SLE flares

26 weeks 25 weeks

Figure 2.   Study design. This study was conducted using the self-controlled case series design. The index date 
of influenza infection is the first day to be prescribed oseltamivir phosphate. The number of SLE flares resulting 
in hospitalization are counted on a yearly (52 weeks) basis. Risk interval was defined as the first 7 days from 
the index date of influenza infection. The control interval was defined as all other times during the observation 
period of each influenza season. SLE systemic lupus erythematosus.

https://doi.org/10.1093/rheumatology/keh238
https://doi.org/10.1093/rheumatology/keh238
https://doi.org/10.1136/annrheumdis-2013-204620
https://doi.org/10.1136/annrheumdis-2013-204620
https://doi.org/10.3899/jrheum.171310
https://doi.org/10.1093/rheumatology/kez292
https://doi.org/10.1007/s11926-016-0562-3
https://doi.org/10.1177/0961203306071705
https://doi.org/10.1177/0961203306071705
https://doi.org/10.4049/jimmunol.171.11.5778
https://doi.org/10.1002/jmv.24904
https://doi.org/10.1093/rheumatology/40.2.152
https://doi.org/10.1177/0961203310365715


7

Vol.:(0123456789)

Scientific Reports |         (2021) 11:4630  | https://doi.org/10.1038/s41598-021-84153-5

www.nature.com/scientificreports/

	13.	 Kassi, E. & Moutsatsou, P. Estrogen receptor signaling and its relationship to cytokines in systemic lupus erythematosus. J. Biomed. 
Biotechnol. 2010, 317452. https​://doi.org/10.1155/2010/31745​2 (2010).

	14.	 Moulton, V. R. Sex hormones in acquired immunity and autoimmune disease. Front. Immunol. 9, 2279. https​://doi.org/10.3389/
fimmu​.2018.02279​ (2018).

	15.	 Simonsen, L. et al. The impact of influenza epidemics on mortality: Introducing a severity index. Am. J. Public Health 87, 1944–1950 
(1997).

	16.	 Swiecki, M. & Colonna, M. Unraveling the functions of plasmacytoid dendritic cells during viral infections, autoimmunity, and 
tolerance. Immunol. Rev. 234, 142–162. https​://doi.org/10.1111/j.0105-2896.2009.00881​.x (2010).

	17.	 Whitaker, H. J., Farrington, C. P., Spiessens, B. & Musonda, P. Tutorial in biostatistics: The self-controlled case series method. Stat. 
Med. 25, 1768–1797. https​://doi.org/10.1002/sim.2302 (2006).

	18.	 Petri, M., Buyon, J. & Kim, M. Classification and definition of major flares in SLE clinical trials. Lupus 8, 685–691. https​://doi.
org/10.1191/09612​03996​80411​281 (1999).

	19.	 Hochberg, M. C. Updating the American College of Rheumatology revised criteria for the classification of systemic lupus erythe-
matosus. Arthritis Rheum. 40, 1725. https​://doi.org/10.1002/art.17804​00928​ (1997).

	20.	 Petri, M. et al. Derivation and validation of the systemic lupus international collaborating clinics classification criteria for systemic 
lupus erythematosus. Arthritis Rheum. 64, 2677–2686. https​://doi.org/10.1002/art.34473​ (2012).

	21.	 Armstrong, B. G., Gasparrini, A. & Tobias, A. Conditional poisson models: A flexible alternative to conditional logistic case cross-
over analysis. BMC Med. Res. Methodol. 14, 122. https​://doi.org/10.1186/1471-2288-14-122 (2014).

	22.	 Kwong, J. C. et al. Acute myocardial infarction after laboratory-confirmed influenza infection. N. Engl. J. Med. 378, 345–353. https​
://doi.org/10.1056/NEJMo​a1702​090 (2018).

Acknowledgements
We thank Mrs. Hyunkyung Park for the help in the analysis of this manuscript.

Author contributions
Y.B.J. and Y.J.P. designed the study. Y.B.J. and Y.J.P. generated or analyzed the data. Y.B.J., K.J.K. and Y.J.P. inter-
preted the data. Y.B.J., K.S.P. and Y.J.P. wrote the manuscript. All authors reviewed and approved the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Y.-J.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

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 were made. 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://creat​iveco​mmons​.org/licen​ses/by/4.0/.

© The Author(s) 2021

https://doi.org/10.1155/2010/317452
https://doi.org/10.3389/fimmu.2018.02279
https://doi.org/10.3389/fimmu.2018.02279
https://doi.org/10.1111/j.0105-2896.2009.00881.x
https://doi.org/10.1002/sim.2302
https://doi.org/10.1191/096120399680411281
https://doi.org/10.1191/096120399680411281
https://doi.org/10.1002/art.1780400928
https://doi.org/10.1002/art.34473
https://doi.org/10.1186/1471-2288-14-122
https://doi.org/10.1056/NEJMoa1702090
https://doi.org/10.1056/NEJMoa1702090
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Influenza infection as a trigger for systemic lupus erythematosus flares resulting in hospitalization
	Results
	Baseline characteristics of the patients in the study. 
	Incidence ratios for SLE flares resulting in hospitalization after influenza infection. 

	Sensitivity analysis. 
	Subgroup analysis. 

	Discussion
	Methods
	Ethics statement. 
	Data source. 
	Definitions of SLE, SLE flares resulting in hospitalization, and influenza infection. 

	Inclusion and exclusion criteria. 
	Study design. 
	Statistical analysis. 

	References
	Acknowledgements


