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Abstract

Introduction: Infections are a leading cause of mortality in patients with systemic lupus
erythematosus (SLE). Among various infections, invasive fungal infections (IFIs) have a
particularly high mortality rate; however, studies examining IFls in patients with SLE are
limited.

Methods: Patients diagnosed as having SLE between 1997 and 2012 were enrolled from
Taiwan’s National Health Insurance Research Database along with age- and sex-matched
non-SLE controls at a ratio of 1:10. IFls were identified based on International Classification
of Diseases, Ninth Revision, Clinical Modification codes and validated by the prescriptions of
systemic antifungal agents. The incidence rate (IR), incidence rate ratio (IRR], and all-cause
mortality rate of IFls and its subtypes were analyzed. A Cox multivariate regression model
with time-dependent covariates was applied to analyze independent risk factors for IFls.
Results: A total of 24,541 patients with SLE and 245,410 non-SLE controls were included. We
observed 445 |Fl episodes in the SLE cohort, with an all-cause mortality rate of 26.7%. Candida
spp. (52.8%) was the most common pathogen, followed by Cryptococcus spp. (18.2%) and
Aspergillus spp. (18.2%). The IR of IFls in the SLE cohort was 20.83 per 10,000 person-years,
with an IRR of 11.1 [95% confidence interval (Cl): 9.8-12.6] relative to the non-SLE controls.
Juvenile patients with SLE aged <18years had the highest IRR of 47.2 (95% Cl: 26.9-86.8).
Intravenous steroid therapy administered within 60days (hazard ratio: 29.11, 95% Cl: 23.30-
36.37) was the most critical risk factor for overall IFls and each of the three major fungal
pathogens. Distinct risk factors were found among different IFl subtypes.

Conclusion: Patients with SLE had a higher risk of IFls, especially juvenile patients.
Intravenous steroid therapy is the most critical risk factor for IFls. This study provides crucial
information for the risk stratification of IFls in SLE.

Plain Language Summaries

Patients with systemic lupus erythematosus and physicians treating this patient
group should be aware of the risk of invasive fungal infections.

Invasive fungal infections (IFls) are a severe complication with a high mortality rate
among patients with systemic lupus erythematosus (SLE); however, studies on this topic
are scant. We performed a nationwide population-based study in Taiwan to estimate
the incidence and mortality of and risk factors for IFls. We found an incidence rate of
20.83 per 10,000 person-years for IFls, with a mortality rate of 26.7%. Juvenile patients
aged <18years had the highest relative risk of IFls. Although candidiasis was the most
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pathogens.

common IFI, cryptococcosis and aspergillosis should be concerned in juvenile patients as
well. Intravenous steroid therapy was the most critical risk factor for all IFls, and different
immunosuppressive agents posed different risks in patients for acquiring certain fungal

Our findings provide pivotal epidemiological information and indicate risk factors for IFls
in patients with SLE. Age and exposure to specific immunosuppressants and steroids
might help predict the risk of IFls. Because the manifestation of these infections is
sometimes indistinguishable from a lupus flare, physicians should be aware of this fatal
complication, especially when patients are not responsive to immunosuppressive therapy.
Early recognition, implication of diagnostic tools, and empirical antimicrobial agents can
be the key to treating patients with IFls. Additional studies are required to develop a risk
management program for patients with SLE.

Keywords: Systemic lupus erythematosus, invasive fungal infection, epidemiology

Received: 21 April 2021; revised manuscript accepted: 14 October 2021.

Introduction

Invasive fungal infections (IFIs) are severe com-
plications with a high mortality rate among immu-
nocompromised hosts, such as patients with
hematological malignancies, solid organ trans-
plantation, human immunodeficiency virus/
acquired immunodeficiency syndrome, or critical
illness.!»2 IFIs are diagnosed on the basis of the
presence of fungal pathogens in deep tissue or
normally sterile sites. Candida spp., Aspergillus
spp., and Cryptococcus spp. are the three major
pathogens that cause IFIs in humans.> Host
defense against these fungal infections depends
on both innate and adaptive immunity, particu-
larly neutrophil and T-cell immunity.*>

Systemic lupus erythematosus (SLE) is a chronic
autoimmune disease with multisystem involve-
ment. Infections are a leading complication and
cause of death in patients with SLE.®° In addi-
tion to disease as an intrinsic factor, host defense
mechanisms in SLE are impaired by treatment
with medications such as glucocorticoids or
immunosuppressants.!'® In patients with SLE,
neutrophils exhibit decreased phagocytosis and
hyporesponsiveness to interleukin-8,!! and CD4*
T helper (Th) cells become dysfunctional with
increased apoptosis.!? In addition, the presence of
hypocomplementemia and decreased numbers of
natural killer and naive B cells might contribute
to impaired host defense in patients with SLE.

Although bacteria and viruses are the most com-
mon pathogens observed in patients with SLE,

IFIs are increasingly identified because of the
application of sensitive diagnostic modalities.!3-15
The use of steroids and immunosuppressive
agents is a well-established risk factor for IFIs
among solid organ transplantation recipients;?
however, risk factors for IFIs in patients with SLE
remain unclear. A systematic review of 182 stud-
ies including 393 patients with SLE and IFIs
found a high mortality rate of 50.9%;!° however,
determining the actual incidence of and risk fac-
tors for IFIs is difficult because of the limited
number of cases in each study. Taiwan’s National
Health Insurance (NHI) Research Database
(NHIRD) provides comprehensive and uninter-
rupted medical information on a nationwide scale
and thus can be used in epidemiological research.

We conducted this retrospective population-
based cohort study by using data from the
NHIRD to examine the clinical burden and out-
comes of and risk factors for IFIs in patients with
SLE, with a particular focus on the different pat-
terns of risk factors for each fungal species.

Methods

Study design and participants

We conducted a population-based retrospective
cohort study by using Taiwan’s NHIRD, which
contains the data of beneficiaries enrolled in the
NHI program, a single mandatory insurance sys-
tem established in 1995 covering more than 99%
of the 23 million residents of Taiwan. The
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NHIRD contains comprehensive medical claims
data regarding demographics, diagnoses, labora-
tory examinations and procedures, and prescrip-
tions in outpatient, inpatient, and emergency
settings. Each of the diagnoses is defined accord-
ing to International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) codes.

All patients diagnosed as having SLE (ICD-9-CM
code 710.0) between January 1997 and December
2012 were eligible for inclusion. The diagnosis of
SLE was further validated by a catastrophic ill-
ness certification. This certification acts as a med-
ical fee waiver for public health care services and
can only be issued by legal rheumatologists and
accredited by the Ministry of Health and Welfare
according to the American College of
Rheumatology 1982 revised criteria for the clas-
sification of SLE!7 or 1997 updated classification
criteria for SLE.!® The date of certification was
considered as the date of SLE diagnosis for each
patient.

Patients without SLE were selected from the
2000 Longitudinal Health Insurance Database,
which contains the longitudinally linked
anonymized data of 1,000,000 enrollees (approx-
imately 5% of Taiwan’s population) randomly
sampled from the NHIRD’s Registry of
Beneficiaries in 2000. We matched patients with
SLE with those without SLE by sex and age at a
ratio of 1:10. Patients who had IFIs before enroll-
ment were excluded. Patients who received their
catastrophic illness certification before January
1997 were excluded from the analysis of time
from SLE diagnosis to IFI development.

The two cohorts were followed until the develop-
ment of a primary endpoint (development of
IFIs), withdrawal from the NHI system (usually
after death), or the end of the study period. All-
cause mortality was defined as withdrawal from
the NHI system.

The study protocol was approved by the Institutional
Review Board of Taipei Veterans General Hospital
(IRB-TPEVGH No. 2017-03-010 C). The report-
ing of this study conforms to the STROBE
(STrengthening the Reporting of OBservational
studies in Epidemiology) statement.1®

Outcomes
The primary endpoint of interest was the inci-
dence of IFIs. The definition of IFIs used in this

study was adopted from an international commit-
tee consensus for opportunistic infections in
immune-mediated inflammatory disease.?° Such
infections included candidiasis (JCD-9-CM codes
112.2, 112.4, 112.5, 112.81, 112.83, 112.84,
112.85,112.89, and 112.9), cryptococcosis (ICD-
9-CM codes 117.5 and 321.0), histoplasmosis
(ICD-9-CM code 115%), blastomycosis (ICD-
9-CM code 116.0), aspergillosis (ICD-9-CM
codes 117.3 and 484.6), coccidioidomycosis
(ICD-9-CM code 114%), paracoccidioidomycosis
(ICD-9-CM code 116.1), sporotrichosis (ICD-
9-CM code 117.1), zygomycosis (ICD-9-CM code
117.7), other and unspecified mycoses (ICD-
9-CM code 117.9), opportunistic mycoses (ICD-
9-CM code 118), and pneumonia related to other
systemic mycoses (ICD-9-CM code 484.7).
Hospitalized patients with the aforementioned
codes in their discharge diagnoses were defined as
patients with IFIs. Only the first IFI episode for
each patient was recorded.

IFI diagnoses were further validated by a record
of in-hospital prescriptions of systemic antifungal
agents available in Taiwan, namely fluconazole,
itraconazole, posaconazole, voriconazole, ampho-
tericin B, liposomal amphotericin B, caspofungin,
micafungin, anidulafungin, and flucytosine.

Statistical analyses

Student’s z-test or the Mann—Whitney U test was
used for continuous variables, and the chi-square
test or Fisher’s exact test was used for categorical
variables. The incidence rate [IR, per 10,000 per-
son-years (PY)] and incidence rate ratio (IRR) of
IFIs were analyzed for both SLE and non-SLE
controls as well as subgroups defined by sex, age,
and specific pathogens. The Poisson distribution
was used to obtain the confidence interval (CI) of
IRR between the groups. Kaplan—Meier curves
were plotted to determine the cumulative inci-
dence of IFIs for different age subgroups (<18,
19-50, and =51 years), and the log-rank test and
Cox proportional hazard model were employed to
compare cumulative incidences.

For the SLE group, univariate and multivariate
Cox proportional hazard models were used to
estimate the hazard ratio (HR) and 95% CI to
determine possible risk factors for IFIs. Patient
characteristics, comorbidities, and medications
were used as covariates. Comorbidities, namely
diabetes mellitus, end-stage renal disease, inter-
stitial lung diseases, stroke, malignancy, cirrhosis,
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Table 1. Demographic data, prevalence, and outcomes of invasive fungal infections in patients with SLE and

age- and sex-matched non-SLE controls.

Variables SLE Non-SLE controls p value
n=24,541 n=245,410
Mean age, years (SD) 36.3(15.8) 36.3(15.8) 1.000
Female, n (%) 21,688 (88] 216,880 (88) 1.000
Mean follow-up, years (SD) 8.7 (5.4) 12.1(2.6) <0.001
Invasive fungal infections, n 445 556
Prevalence (%o) 18.1 2.3 <0.001
All-cause mortality (%) 26.7 28.2 0.599
Candidiasis, n 235 327
Prevalence (%o) 9.6 1.3 <0.001
All-cause mortality (%) 20.4 32.4 0.002
Cryptococcosis, n 81 29
Prevalence (%o) 3.3 0.1 <0.001
All-cause mortality (%) 32.1 13.8 0.058
Aspergillosis, n 28 25
Prevalence (%o) 1.1 0.1 <0.001
All-cause mortality (%) 35.7 28.0 0.548

SD, standard deviation; SLE, systemic lupus erythematosus.

and congestive heart failure, were identified using
the corresponding ICD-9-CM codes. Data on
disease-modifying antirheumatic drugs or immu-
nosuppressants, namely hydroxychloroquine,
azathioprine, mycophenolate mofetil, cyclo-
sporine, cyclophosphamide, methotrexate, rituxi-
mab, oral steroids, and intravenous steroids, were
recorded. Because comorbidities developed and
prescriptions varied over time, these factors were
incorporated into Cox proportional hazard mod-
els as time-dependent covariates. For medication
exposure, the follow-up period of each patient
was retrospectively divided into successive 60-day
blocks; the prescription status of each medication
in each 60-day block and its association with the
occurrence of an event at the end of each time
block were analyzed.

Sensitivity analysis using 30- and 90-day blocks
was performed. Daily oral steroids were catego-
rized according to the average daily dose in a
time block, with a cutoff point of 5mg of

prednisolone or its equivalent. All biologically
plausible covariates were imputed into multivari-
ate analysis with forward selection. All statistical
analyses were performed using R foundation (R)
version 3.2.2 and SPSS version 26.0. Stata/MP
V.11 and Microsoft Excel (Office 365) were used
for plotting. All tests were two sided with a 95%
CI, and a p value of <0.05 indicated statistical
significance.

Results

A total of 24,541 patients with SLE were identi-
fied between 1997 and 2012, and 245,410 age-
and sex-matched patients were included in the
non-SLE controls (Table 1). The mean age of
both cohorts was 36.3 with a standard deviation
(SD) of 15.8years, and the majority of patients
(88%) were women. The mean follow-up dura-
tion (years) was significantly shorter for the SLE
group than the non-SLE controls (8.7 = 5.4 ver-
sus 12.1 +2.6, p<0.001) (Table 1).
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Incidence rate

no. of event per 10,000 person-yr

Incidence rate ratio

(95% confidence interval)

Invasive fungal infections SLE Non-SLE control
Overall 20.83 1.88 L 11.1(9.8-12.6)
Female 20.45 1.77 Y 11.6 (10.1-13.3)
Male 24.16 2.76 —— 8.8(6.1-12.4)
Age < 18 years 22.06 0.47 ——i 47.2 (26.9-86.8)
Age 19-50 years 18.18 0.98 e 18.6 (15.5-22.3)
Age > 51 years 34.64 6.62 - 5.2 (4.1-6.6)
Candidiasis
Overall 10.95 1.10 HH 10.0 (8.4-11.8)
Female 10.84 1.04 HH 10.4 (8.6-12.5)
Male 12.01 1.57 ——i 7.6 (4.6-12.4)
Age < 18 years 12.20 0.25 ——— 49.3 (22.8-118.0)
Age 19-50 years 9.10 0.46 - 19.7 (15.2-25.8)
Age > 51 years 20.58 4.40 —— 4.7 (3.4-6.3)
Cryptococcosis
Overall 3.77 0.10 ——i 38.5(24.9-61.0)
Female 3.67 0.08 ——i 44.0 (26.9-74.4)
Male 4.62 0.21 —— 21.8(7.5-67.5)
Age < 18 years 4.06 0.03 * 147.5 (21.0-6402.9)
Age 19-50 years 3.90 0.07 —— 58.3(32.3-112.7)
Age > 51 years 2.78 0.28 —— 10.0 (3.6-25.6)
Aspergillosis
Overall 1.30 0.08 ——i 15.4 (8.7-27.6)
Female 1.24 0.08 —— 14.8 (8.0-27.7)
Male 1.84 0.09 g 20.3 (3.4-138.6)
Age < 18 years 2.02 0.05 * 36.8 (6.0-386.6)
Age 19-50 years 1.11 0.05 —— 21.2 (9.5-49.6)
Age > 51 years 1.73 0.24 —_—— 7.3 (2.0-22.3)
1 10 100 1000

Figure 1. Incidence rate and incidence rate ratio of invasive fungal infections, candidiasis, cryptococcosis, and aspergillosis in
patients with systemic lupus erythematosus (SLE) and non-SLE controls.

Overall, 445 (1.8%) of 24,541 patients with SLE
were hospitalized because of IFIs during the study
period (Table 1). The leading pathogen in these
episodes was Candida spp. (52.8%, 235/445), fol-
lowed by Cryprococcus spp. (18.2%, 81/445) and
Aspergillus spp. (6.3%, 28/445). Four episodes of
zygomycosis and one episode of histoplasmosis
were identified in the cohort, with the remaining
episodes being unspecified mycoses (ICD-9-CM
codes 117.9, 118, and 484.7). A detailed analysis
of zygomycosis, histoplamosis, and unspecified
mycoses was not performed because of limited
case numbers and clinical implications.

The IR of IFIs in the SLE group was 20.83 per
10,000 PY, which was significantly higher than
that in the non-SLE controls (IRR: 11.1, 95%
CI: 9.8-12.6).

The leading IFI in the SLE cohort was candidia-
sis, followed by cryptococcosis and aspergillosis,
with IRs of 10.95, 3.77, and 1.30per 10,000 PY,
respectively (Figure 1). In comparison with the
non-SLE controls, the SLE group had the highest
risk for cryptococcosis, with an IRR of 38.5 (95%
CI: 24.9-61.0), followed by that of aspergillosis
(IRR: 15.4, 95% CI: 8.7-27.6) and candidiasis
(IRR: 10.0, 95% CI: 8.4-11.8). The same trend
was observed in each subgroup analysis stratified
by sex and age (Figure 1). Regarding different age
strata, the IR of overall and three major IFIs rap-
idly increased with age in the non-SLE controls.
By contrast, the juvenile subgroup in the SLE
cohort had a disproportionally high IR for differ-
ent IFIs, leading to the highest relative risk in this
age stratum, with IRRs of 36.5, 49.3, and 147.5
for aspergillosis, candidiasis, and cryptococcosis,
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. Years of follow-up
Number at risk
Age < 18 years SLE 2874 2486 2161 1839 1523 1204 917
Non-SLE 28,740 28,662 28,544 28,484 28,365 28,172 27,049
Age 19-50 years SLE 17,287 15,149 13,346 11,709 10,070 8383 6631
Non-SLE 172,870 168,294 164,444 163,108 161,645 159,628 152,836
Age 251 years SLE 4380 3238 2578 2062 1647 1221 810
Non-SLE 43,800 42,464 41,022 39,547 37,995 36,314 34,147

Figure 2. Cumulative incidence of invasive fungal infections in patients with systemic lupus erythematosus

(SLE) and non-SLE controls stratified by age.

Table 2. Median time from SLE diagnosis to IFl in patients with SLE [months (IQR]].

Overall Age <18years Age 19-50years  Age =51years
All invasive fungal infections 33(8-82) 32 (9-59) 36 (11-86.5) 22 (4.25-73)
Candidiasis 38 (10-82) 33.5(12.25-54.25) 40 (14-84) 37 (3-84)
Cryptococcosis 14 (7-54) 10 (3.75-46) 27 (8.75-67.25)* 7 (5-9)t
Aspergillosis 21 (4.5-86) 50 (5-132) 21 (5.5-86) 5(2.5-83)

IFI, invasive fungal infection; IQR, interquartile range; SLE, systemic lupus erythematosus.
Comparison was performed between different age subgroups of each IF| subtype.

fBonferroni adjusted p=0.013.

respectively. Notably, the IRs of cryptococcosis
and aspergillosis were the highest in juvenile
patients with SLE compared with other age sub-
groups. Figure 2 shows the cumulative incidence
of IFIs in the SLE and non-SLE controls. Older
patients with SLE aged =51 years had the highest
absolute risk of IFIs, whereas juvenile patients
with SLE aged <18years had the highest relative
risk of IFIs.

The all-cause mortality rate of IFIs was similar
between the SLE cohort and non-SLE controls

(26.7% wversus 28.3%, p=0.599; Table 1).
However, the mortality rate of candidiasis was
lower in the SLE cohort than in the non-SLE
controls (20.4% versus 32.4%, p=0.002), and the
mortality rates of cryptococcosis and aspergillosis
were both higher in the SLE cohort than in the
non-SLE controls.

Among 18,481 patients with SLE with available
information regarding the date of SLE diagnosis
(Table 2), more than half of the IFIs occurred
within the first 3 years after the diagnosis of SLE,
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Table 3. Multivariate Cox regression analysis of risk factors for IFls in patients with SLE.

Invasive fungal infections Candidiasis Cryptococcosis Aspergillosis
HR (95% Cl) pvalue HR(95% Cl) pvalue HR(95% Cl) pvalue HR(95% Cl) p value
Age (years)
<18 0.93(0.70-1.23) 0.594 1.03 (0.70-1.52) 0.889
19-50 (reference) (reference)
=51 1.40(1.08-1.81) 0.010 1.77 (1.27-2.47) <0.001
Diabetes mellitus 1.77 (1.37-2.29) <0.001 1.65(1.16-2.35) 0.006
End-stage renal disease 1.50 (1.37-2.29) <0.001 1.76 (1.29-2.41) <0.001
Interstitial lung disease ~ 1.49 (1.07-2.10) 0.020
Stroke 1.69 (1.32-2.18) <0.001 1.77 (1.26-2.47) <0.001 1.96 (1.09-3.53) 0.024
Malignancy 2.75 (1.58-4.80) <0.001
Mycophenolate mofetil ~ 2.24 (1.48-3.37) <0.001 2.72(1.60-4.61) <0.001 4,02 (1.32-12.26) 0.015
Cyclosporine 1.65 (1.10-1.75) 0.016 4.94(1.61-15.10) 0.005
Cyclophosphamide 1.37 (1.07-1.75) 0.011 1.50 (1.07-2.10) 0.019
Intravenous steroid 29.11(23.30-36.37) <0.001 28.19(21.17-37.52) <0.001 63.51(36.10-111.71) <0.001 34.80 (15.09-80.24) <0.001
Oral steroid >5mg/d? 1.26(1.01-1.58) 0.039

Cl, confidence interval; HR, hazard ratio; IFls, invasive fungal infections; SLE, systemic lupus erythematosus.

All biologically plausible variables, namely including age subgroup, sex, diabetes mellitus, end-stage renal disease, interstitial lung disease,
stroke, malignancy, cirrhosis, congestive heart failure, hydroxychloroquine use, azathioprine use, mycophenolate mofetil use, cyclosporine use,
cyclophosphamide use, methotrexate use, rituximab use, intravenous steroid use, and oral steroid daily dose of >5mg, were included in Cox

multivariate analysis with forward selection.

aAn average dose is defined as the accumulated equivalent prednisolone dose (milligrams) in a 60-day block divided by 60 (days).

with a median of 33 months [interquartile range
(IQR): 8-82]. This phenomenon was consistent
among age subgroups. The frequency of IFIs
occurred within the first 3 years after the diagno-
sis of SLE was 53.5%, 50.5%, and 58.9% in
patients aged <18, aged 19-50, aged =51 years,
respectively. The median time from SLE diagno-
sis to the first episode of candidiasis, cryptococ-
cosis, and aspergillosis was 38 (IQR: 10-82), 14
(IQR: 7-52), and 21 (IQR: 4.5-86) months,
respectively. The difference in time from SLE
diagnosis to IFIs did not reach statistical signifi-
cance for these three major pathogens. Notably,
cryptococcosis occurred earlier in patients aged
=51years than in those aged between 19 and
50years [median interval of 7 (IQR: 5-9) wversus
27 (IQR: 8.75-67.25) months].

A Cox multivariate proportional hazards model
with time-dependent covariates was used to iden-
tify independent risk factors for IFIs in the SLE

cohort (Table 3). Age =51years (HR: 1.40, 95%
CI: 1.08-1.81); comorbidities of diabetes melli-
tus (HR: 1.77, 95% CI: 1.37-2.29), end-stage
renal disease (HR: 1.50, 95% CI: 1.37-2.29),
interstitial lung disease (HR: 1.49, 95% CI: 1.07—
2.10), stroke (HR: 1.69, 95% CI: 1.32-2.18),
and malignancy (HR: 2.75, 95% CI: 1.58-4.80);
the use of mycophenolate mofetil (HR: 2.24, 95%
CI: 1.48-3.37), cyclosporine (HR: 1.65, 95% CI:
1.10-1.75), or cyclophosphamide (HR: 1.37,
95% CI: 1.07-1.75); the daily oral steroid dose of
>5mg of prednisolone or its equivalent (HR:
1.26, 95% CI: 1.01-1.58); and intravenous ster-
oid therapy (HR: 29.11, 95% CI: 23.30-36.37)
were independent risk factors for IFI. Similar
analyses were performed for different subtypes of
fungal infections, and risk factors differed among
the three major pathogens. Risk factors for can-
didiasis were similar to those for overall IFI. By
contrast, only stroke (HR: 1.96, 95% CI: 1.09—
3.53) and intravenous steroid therapy (HR:
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63.51, 95% CI: 36.10-111.71) were identified as
independent risk factors for cryptococcosis,
whereas mycophenolate mofetil (HR: 4.02, 95%
CI: 1.32-12.26), cyclosporine (HR: 4.94, 95%
CI: 1.61-15.10), and intravenous steroid therapy
(HR: 34.80, 95% CI: 15.09-80.24) were risk fac-
tors for aspergillosis. Intravenous steroid therapy
was consistently the strongest predictor for IFIs
overall and the three major pathogens.

Discussion

To our knowledge, this is the first population-
based cohort study to investigate detailed epide-
miological data including the incidence and
outcomes of and risk factors for overall and differ-
ent IFIs in an SLE cohort on a national scale. We
found a higher risk of IFIs in the SLE cohort than
in the non-SLE controls. Whereas candidiasis
was the most common IFI, the patients with SLE
had a much higher relative risk of cryptococcosis
than did those without SLE. The increased risk
was the most prominent in the juvenile SLE sub-
group. The all-cause mortality rate of IFIs in hos-
pitalized patients with SLE was as high as 26.7%
and could reach up to 32.1% and 35.7% for cryp-
tococcosis and  aspergillosis, respectively.
Intravenous steroid therapy was the most critical
risk factor for all IFIs, and different immunosup-
pressive agents increased the risk of patients
acquiring certain fungal pathogens.

The prevalence rate of IFIs in the SLE cohort
observed in the present study (1.8%) is consistent
with that reported in the largest relevant system-
atic review (0.6% to 3.2%), which was conducted
by Wang et al.1® The comprehensiveness of the
NHIRD enabled us to estimate an IR of 20.83 per
10,000 PY for IFIs in the SLE cohort. Because
the study conducted by Wang er al. included
reports from as early as the 1960s, when diagnos-
tic tools and options for antifungal agents were
limited, the pooled all-cause mortality rate of IFIs
in the SLE cohort was higher than that in our
study (50.9% wversus 26.7%). Similar to the pre-
sent investigation, another single-center cohort
study investigating 140 patients with SLE and
IFIs consisting of 140 IFIs in SLE* found Candida
spp. as the leading fungal pathogen, whereas
Wang et al.16 suggested that Cryprococcus spp. and
Aspergillus spp. were the two leading pathogenic
fungi. The incidence of invasive candidiasis
declined over time in patients with hematological
malignancy because of the use of prophylactic
antifungal agents in high-risk populations.

However, this prophylactic strategy is rarely
applied in patients with SLE. The high prevalence
of Cryprococcus spp. and Aspergillus spp. in the sys-
tematic review!® might be attributable to publica-
tion bias caused by a high fatality rate associated
with these two pathogens. We found that more
than half of the IFIs occurred within the first
3years after SLE diagnosis; this finding is consist-
ent with those of previous studies.15:16

The human defensive mechanism against fungal
infections is a complex network involving phago-
cytes, plasmacytoid dendritic cells, subcellular
inflammasomes, T cells, and, to a lesser extent, B
cells. In addition to intrinsic immune defects asso-
ciated with SLE, immunosuppressive treatments
further compromise immunity. Corticosteroids
and various immunosuppressants modulate
immune cells differently. Among these cells, neu-
trophils and CD4" T helper cells are considerably
critical for the control of fungal pathogens; how-
ever, the clearance of different fungal pathogens
depends on certain mechanisms to varying
degrees. For example, Thl responses are crucial
for the control of Candida spp., Cryptococcus spp.,
and Aspergillus spp;>-21-23 however, Th17 responses
are exclusively essential for fighting Candida spp.
infection, as reported by the previous clinical trial
on the IL-17 inhibitor, which raised concerns
regarding candidiasis but not other pathogens.?*
Whereas neutrophil extracellular trap (NET) for-
mation or NETosis aids in the clearance of
Candida spp., neutrophils rely more on reactive
oxygen species for the elimination of Aspergillus
spp.>2223:25  Corticosteroids, which universally
suppress both innate and adaptive immunities, are
a well-known dose-dependent risk factor for
IFTIs.26:27 We found a 30- to 60-fold higher risk of
IFIs, namely candidiasis, cryptococcosis, and
aspergillosis, after the administration of intrave-
nous steroid therapy. By contrast, an oral dose of
>5mg/day of prednisolone or an equivalent dose
resulted in a negligible risk of IFIs in patients with
SLE. Our findings are consistent with those of
previous studies suggesting a high dose of steroids
as a potent risk factor.1%16 Cyclosporine, mycophe-
nolate mofetil, and cyclophosphamide are immu-
nosuppressants that inhibit lymphocyte function
with variable specificity and reversibility. Except
for intravenous steroid therapy, these immuno-
suppressants pose diverse risks of individual fun-
gal species infections. This implies that humans
fight against infection from different fungal spe-
cies by using different mechanisms. Additional
studies are required to elucidate these mecha-
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nisms for improving risk stratification and treat-
ment outcomes for these patients.

The absolute incidences of all IFIs, candidiasis,
cryptococcosis, and aspergillosis all increased
with age in the non-SLE controls; the same find-
ing was noted in patients with hematological
malignancy.!»2¢ By contrast, patients with SLE
aged <18years had the highest absolute and rela-
tive risk of cryptococcosis and aspergillosis. This
finding highlights the need for the clinical aware-
ness of IFIs in this vulnerable population, partic-
ularly for those whose condition continues to
deteriorate while they receive intravenous steroid
therapy, to facilitate early access to diagnostic
modalities and antifungal treatment.

The findings of this study are believed to be
robust for the following reasons. First, the SLE
population was verified by a catastrophic illness
certification, which is issued only after strict peer
review in the NHI system. Patients with IFIs were
generally ill; thus, only those who were hospital-
ized and discharged with prespecified IFI-related
ICD-9-CM codes were included in the analysis.
Furthermore, the diagnosis of IFIs was addition-
ally validated based on the prescription of sys-
temic antifungal agents. These agents can only be
claimed in the reimbursement system after the
confirmation of diagnosis in hospital settings with
clinically relevant laboratory or radiological evi-
dence. Therefore, the populations of patients
with both SLE and IFTs are considered represent-
ative. Because the present study was conducted
using a nationwide population-based database,
unbiased epidemiological data were extracted.
Moreover, we conducted subgroup analysis based
on pathogens, age, and sex, which provided
insights into risk stratification. Finally, we ana-
lyzed certain risk factors and immunosuppres-
sants as time-dependent covariates with 60-day
blocks, and the results were stable and consistent
in sensitivity analysis using 30- and 90-day blocks.

Although we used reliable data in the present
study, it has several potential limitations. The
NHIRD is a claims-based data set; thus, it con-
tains no information regarding clinical manifesta-
tions, infectious focus, detailed species of fungi,
diagnostic laboratory data, or the chronological
relationship among  invasive  procedures.
Therefore, the severity of organ involvement
could not be accurately examined. The modest
association between IFIs and stroke might have
originated from unadjusted confounding factors,

such as disease activity, which is suggested to be
correlated with the intensity of immunosuppres-
sants. Because of the lack of identification and the
susceptibility of microbiological isolates, we were
unable to define the appropriateness of antifungal
treatment or the existence of coinfections that
precluded the analysis of risk factors for mortal-
ity. Belimumab is not covered by NHI reimburse-
ment for SLE in Taiwan; thus, it was not included
in the analysis.

In conclusion, this nationwide population-based
cohort study revealed the high risk and mortality
from IFIs in patients with SLE, including a par-
ticularly high risk in juvenile patients with SLE.
Intravenous steroid therapy within 60 days is the
most critical predictor of IFIs. Different immuno-
suppressants may modify the risk of acquiring
certain fungal pathogens. The present investiga-
tion provides pivotal epidemiological information
regarding IFIs in SLE and highlights the need for
further research to establish a risk management
program.
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