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Cássia M. Barbosa, Valéria C. Ramos, Simone Lotufo, and Clovis A. Silva

ABSTRACT. Objective. To study the prevalence, risk factors, and mortality of invasive fungal infections (IFI) in
patients with childhood-onset systemic lupus erythematosus (cSLE).
Methods.A retrospective multicenter cohort study was performed in 852 patients with cSLE from 10
pediatric rheumatology services. An investigator meeting was held and all participants received
database training. IFI were diagnosed according to the European Organization for Research and
Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of
Allergy and Infectious Diseases Mycoses Study Group Consensus Group criteria (proven, probable,
and possible). Also evaluated were demographic, clinical, and laboratory data, and disease activity
[SLE Disease Activity Index 2000 (SLEDAI-2K)], cumulative damage (Systemic Lupus International
Collaborating Clinics/American College of Rheumatology Damage Index), treatment, and outcomes.
Results. IFI were observed in 33/852 patients (3.9%) with cSLE. Proven IFI was diagnosed in 22
patients with cSLE, probable IFI in 5, and possible IFI in 6. Types of IFI were candidiasis (20),
aspergillosis (9), cryptococcosis (2), and 1 each disseminated histoplasmosis and paracoccidioidomy-
cosis. The median of disease duration was lower (1.0 vs 4.7 yrs, p < 0.0001) with a higher current
SLEDAI-2K [19.5 (0–44) vs 2 (0–45), p < 0.0001] and current prednisone (PRED) dose [50 (10–60)
vs 10 (2–90) mg/day, p < 0.0001] in patients with IFI compared with those without IFI. The frequency
of death was higher in the former group (51% vs 6%, p < 0.0001). Logistic regression analysis revealed
that SLEDAI-2K (OR 1.108, 95% CI 1.057–1.163, p < 0.0001), current PRED dose (OR 1.046, 95%
CI 1.021–1.071, p < 0.0001), and disease duration (OR 0.984, 95% CI 0.969–0.998, p = 0.030) were
independent risk factors for IFI (R2 Nagelkerke 0.425).
Conclusion. To our knowledge, this is the first study to characterize IFI in patients with cSLE. We
identified that disease activity and current glucocorticoid use were the main risk factors for these
life-threatening infections, mainly in the first years of disease course, with a high rate of fatal outcome. 
(J Rheumatol First Release November 15 2015; doi:10.3899/jrheum.150142)
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Childhood-onset systemic lupus erythematosus (cSLE) is a
chronic multisystem disease that is characterized by the
production of autoreactive antibodies and immunologic
system abnormalities1, which may predispose these patients
to various infections.

Indeed, infections are an important cause of morbidity and
mortality in patients with cSLE2. The most important risk
factors associated with severe infection in the SLE population
are related to the disease itself (disease duration, disease
activity, lymphopenia, leukopenia, and hypocomplemen -
temia) and treatment (glucocorticoid and immunosuppressive
drugs)2,3,4,5.

The majority of infections are caused by viruses and
bacteria2,3,4,6, and less frequently by opportunistic agents,
such as fungi7. Fungal infections are mainly caused by
Candida spp., Pneumocystis jirovecii (formerly Pneumocystis
carinii), and Cryptococcus neoformans in adult-onset SLE
(aSLE)8.

However, studies solely evaluating invasive fungal infec-
tions (IFI) in patients with cSLE, such as candidiasis,
aspergillosis, cryptococcosis, and histoplasmosis, are limited
to case reports and case series7,9,10,11,12 without any
systematic evaluation of the associated risk factors and
outcomes in the cSLE population.

Therefore, the objective of our study was to assess IFI in
a large cSLE population, evaluating the prevalence, outcome,
and risk factors. 

MATERIALS AND METHODS
Study design and patients. This is a retrospective multicenter cohort study
including 1017 patients with cSLE followed in 10 pediatric rheumatology
tertiary referral services of São Paulo state, Brazil. All patients fulfilled the
American College of Rheumatology (ACR) criteria13, with disease onset
prior to the age of 1814 and current age until 25 years. One hundred and
sixty-five patients were excluded because of incomplete medical charts 
(n = 96), undifferentiated connective tissue disorder with 3 or fewer of the
ACR criteria (n = 43), isolated cutaneous lupus erythematosus (n = 11),
neonatal lupus erythematosus (n = 8), drug-induced lupus (n = 5), and other
autoimmune diseases (n = 2). None had hematological cancer, bone marrow
transplantation, or human immunodeficiency virus (HIV) infection. The
remaining 852 patients with cSLE composed the study group.

IFI was diagnosed according to the European Organization for Research
and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and
the National Institute of Allergy and Infectious Diseases Mycoses Study
Group Consensus Group15,16, and oral and vulvovaginal candidiasis were
excluded. Local ethics committees of each center approved our study.

An investigator meeting was held for our study on September 29, 2012,
in São Paulo city to determine the protocol, clinical variables, disease
activity, and damage tools scoring, as well as outcome variables. Data
collection training was conducted locally by investigators in each of the
centers and a unique database was built up by MFS and MPF. Data
discrepancy was sorted out by 1 or more rounds of queries for accuracy. Data
were collected between November 2012 and October 2014. Patient medical
charts were carefully reviewed according to an extensive standardized
protocol for demographic data, clinical features, laboratory findings,
treatment data, outcomes, and IFI characteristics.
IFI. Three levels of IFI probability were established in immunocompromised
patients: proven, probable, and possible15,16. Proven IFI demands isolation
of the fungus in a tissue or isolation in a sterile specimen (with a clinical or

radiological abnormality consistent with the infection disease process).
Probable IFI requires the presence of 1 host factor (for example, neutropenia
and/or use of immunosuppressive agents) and/or 1 clinical criterion [clinical
symptoms or laboratory abnormalities, such as prolonged fever,
hepatosplenomegaly, adenomegaly, respiratory and sinus infection, menin-
goencephalitis, osteomyelitis; computed tomography showing focal lesions
in central nervous system (CNS); or magnetic resonance image showing
meningeal enhancement] in conjunction with mycological evidence through
direct (culture, cytology, or microscopy) or indirect tests (antigen detection
or cell wall component). Possible IFI was defined as the presence of at least
1 host factor in conjunction with suggestive clinical or laboratory abnormal-
ities in the absence of mycological evidence15. P. jirovecii infection is not
included in these definitions.

The following IFI were assessed: candidiasis, aspergillosis, histoplas-
mosis, cryptococcosis, paracoccidioidomycosis, coccidioidomycosis, and
mucormycosis. IFI type, site of infection, fungus isolation, and antifungal
therapy were also evaluated.
Demographic data, clinical evaluation, disease activity, disease damage,
and therapy. Demographic data included sex, ethnicity, current age, age at
cSLE onset, and disease duration. SLE clinical manifestations were defined
as constitutional symptoms, involvement of the reticuloendothelial system,
mucocutaneous lesions, musculoskeletal involvement, serositis, nephritis,
and hematologic abnormalities. Neuropsychiatric lupus included 19
syndromes according to the ACR classification criteria17. Antiphospholipid
syndrome was diagnosed according to the presence of arterial and/or venous
thrombosis and antiphospholipid antibodies18.

High blood pressure was defined as systolic and/or diastolic blood
pressures ≥ 95th percentile for sex, age, and height on ≥ 3 occasions19. Acute
kidney injury was determined by sudden increase in serum creatinine above
2 mg/dl20 or by the modified RIFLE criteria (Risk, Injury, Failure, Loss of
kidney function, and End-stage kidney disease)21. Chronic renal disease was
defined as structural or functional abnormalities of the kidney for ≥ 3 months
[with or without decreased glomerular filtration rate (GFR)] or GFR < 60
ml/min/1.73 m2 for ≥ 3 months22. Renal replacement therapy (hemodialysis,
peritoneal dialysis, and hemofiltration and renal transplantation) was also
assessed.

Laboratory assessment included erythrocyte sedimentation rate,
C-reactive protein, complete blood cell count, serum urea and creatinine,
urinalysis, and 24-h urine protein excretion. Complement levels (CH50, C3,
and C4), anti-dsDNA, and anticardiolipin antibodies immunoglobulin (Ig)
G and IgM were carried out at each center. The cutoff values were considered
abnormal according to the kit manufacturer. Lupus anticoagulant was
detected according to the guidelines of the International Society on
Thrombosis and Hemostasis23.

SLE disease activity and cumulative damage were collected from the
medical charts or retrospectively scored through the SLE Disease Activity
Index 2000 (SLEDAI-2K)24 and the Systemic Lupus International
Collaborating Clinics/ACR-Damage Index25, respectively.

Current treatment data [prednisone (PRED), methylprednisolone pulse
therapy, chloroquine diphosphate, hydroxychloroquine sulfate, methotrexate,
azathioprine, cyclosporine, mycophenolate mofetil, intravenous cyclophos-
phamide, rituximab, and plasmapheresis] were also recorded. Cumulative
doses of PRED, intravenous methylprednisolone, glucocorticoid, and
cyclophosphamide were calculated.

Patients were divided into 2 groups for the assessment of current SLE
manifestations, laboratory abnormalities, and treatment: patients with IFI
(evaluated at the infection diagnosis) and patients without IFI (evaluated at
the last visit).
Statistical analysis. Results are presented as number (frequency) for
categorical variables and median (range) or mean ± SD for continuous
variables. Categorical variables comparisons were assessed by Pearson
chi-square or Fisher’s exact test. Continuous variables from patients with
cSLE with and without IFI were compared by Mann-Whitney U test or
Student t test. The significance levels were set at 5% (p < 0.05).
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Holm-Bonferroni correction for multiple comparisons was performed
adjusting the significance level to p < 0.0015. Logistic regression analysis
(backward stepwise) was performed to identify IFI risk factors.

RESULTS 
IFI were recorded in 33/852 patients (3.9%) with cSLE.
Proven IFI was evidenced in 22 patients with cSLE, probable
IFI in 5, and possible IFI in 6. In 6 patients with cSLE,
invasive fungal disease was identified at disease onset and
the median SLEDAI-2K score was 28 (range 24–41). Types
of IFI were candidiasis (20),  aspergillosis (9), cryptococcosis
(1 cryptococcal meningitis and 1 pulmonary cryptococcosis),
and 1 each disseminated histoplasmosis and paracoc -
cidioidomycosis. No patient had coccidioidomycosis and
mucormycosis (Table 1). At least 1 site for IFI was evidenced
in each patient: lungs in 13, urinary tract in 8, esophagitis in
8, blood stream in 4, CNS in 3, and disseminated in 3.
Twenty-one were hospitalized in the pediatric intensive care
units. The most frequent complications of IFI were sepsis in
18 and acute renal failure in 16 patients.

Of the 17 deaths (51.5%), 15 had sepsis and 14 had acute
renal failure. Renal replacement therapy was required in 3
patients; all of them had invasive aspergillosis. The median
survival time period from IFI diagnosis to death was 30 days
(15–95). The most important types of IFI in patients with
cSLE who died were aspergillosis (in 8) and candidiasis (in

7). Antibiotic use prior to fungal infection occurred in 21
patients (63%), particularly in 8/9 patients with aspergillosis
(88%) and 10/20 candidiasis (50%), and in none of those with
cryptococcosis. The median of PRED dose was significantly
higher in patients with IFI who died compared with those
who survived [60 (25–60) vs 40 (10–60) mg/day, p = 0.014].

Thirty-two patients received at least 1 antifungal therapy
(26 fluconazole, 10 amphotericin B, 4 itraconazole, 3
voriconazole, 1 ketoconazole, and 1 micafungin). Only 1
patient did not receive antifungal therapy, because infection
was diagnosed only at necropsy.

Shown in Table 2 are demographic data, clinical manifes-
tations, disease activity/damage scores, and laboratory
variables in 852 patients with cSLE according to IFI. After
Holm-Bonferroni correction for multiple comparisons,
disease duration (1.0 vs 4.7 yrs, p < 0.0001) and current age
(14.5 vs 17.0 yrs, p < 0.0001) were both significantly lower
in cSLE with IFI. The frequencies of these factors were
significantly higher in patients with cSLE with IFI compared
with those without IFI (all p < 0.0001): constitutional features
or reticuloendothelial system involvement (76% vs 8%),
mucocutaneous involvement (67% vs 13%), musculoskeletal
involvement (36% vs 0%), serositis (39% vs 0%), neuropsy-
chiatric involvement (36% vs 8%), nephritis (66% vs 19%),
and arterial hypertension (58% vs 12%). The median of
SLEDAI-2K at cSLE onset [24 (2–45) vs 14 (0–58), p <

3Silva, et al: Invasive fungal infections in cSLE

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2015. All rights reserved.

Table 1. IFI characteristics in 33/852 patients with cSLE.

IFI Definitions cSLE, n = 33, n (%) Mycological Criterion

Proven IFI 22 (67) Isolation of the Fungus
Candidiasis 13 (40) Urine culture, n = 6                                         Candida albicans, n = 4

                                                            Candida spp., n = 1
                                                        Non-albicans yeast, n = 1

Blood culture, n = 2                                         Candida albicans, n = 1
                                                        Candida tropicalis, n = 4

Esophageal biopsy, n = 2                                         Candida spp., n = 2
Esophagus at necropsy, n = 1                                      Candida spp., n = 1

Both urine and blood cultures, n = 1                             Candida albicans, n = 1
Both urine culture and bronchoalveolar lavage, n = 1               Candida albicans, n = 1

Aspergillosis 6 (18) Lung at necropsy, n = 3                                       Aspergillus spp., n = 3 
Lung and cerebellum at necropsy, n = 1                           Aspergillus spp., n = 1

Myocardium at necropsy, n = 1                                  Aspergillus spp., n = 1
Multiple organs at necropsy, n = 1                               Aspergillus spp., n = 1

Cryptococcosis 2 (6) Cerebrospinal fluid culture, n = 1                        Cryptococcus neoformans, n = 1
Lung at biopsy, n = 1                                        Cryptococcus spp., n = 1

Histoplasmosis 1 (3) Abdominal lymph node and jejunum at necropsy, n = 1        Histoplasma capsulatum, n = 1
Probable IFI 5 (15) Mycological Direct or Indirect Test

Candidiasis 2 (6) Bronchoalveolar lavage, n = 2                                 Candida albicans, n = 2
Aspergillosis 2 (6) Indirect test, n = 1                               Increased serum galactomannan, n = 1

Bronchoalveolar lavage, n = 1                              Aspergillus fumigates, n = 1
Paracoccidioidomycosis 1 (3) Indirect test, n = 1                                Counterimmunoelectrophoresis, n = 1

Possible IFI 6 (18) Clinical or Laboratory Alterations in the Absence of Mycological Evidence
Candidiasis 5 (15) Endoscopically confirmed Candida esophagitis, n = 5 
Aspergillosis 1 (3) Nodule with a halo of ground-glass attenuation in right lung image 

(computerized tomography) with resolution after amphotericin B 
and itraconazole, n = 1 

IFI: invasive fungal infection; cSLE: childhood-onset systemic lupus erythematosus.
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0.0001] and current SLEDAI-2K [19.5 (0–44) vs 2 (0–45), 
p < 0.0001] were significantly higher in patients with IFI.
Renal failure (48% vs 3%, p < 0.0001) and death (51% vs
6%, p < 0.0001) were more frequently observed in patients
with IFI.

Therapy of 852 patients with cSLE according to the IFI
presence is illustrated in Table 3. After Holm-Bonferroni
correction for multiple comparisons, frequencies of the
following treatments were significantly higher in patients
with IFI compared to those without: methylprednisolone
pulse therapy (61% vs 7%, p < 0.0001), intravenous

cyclophosphamide (27% vs 5%, p < 0.0001), and plasma-
pheresis (12% vs 0%, p < 0.0001).

The median current PRED dose was also significantly
higher in patients with cSLE with IFI in comparison to those
without IFI [50 (10–60) vs 10 (2–90) mg/day, p < 0.0001].
These treatment doses were similar in patients with cSLE
with IFI in comparison with those without IFI: PRED
cumulative dose [15.77 (0.24–35.6) vs 19.08 (0.12–105.51)
g, p = 0.089], intravenous methylprednisolone cumulative
dose [6.3 (2.0–35.3) vs 8.9 (0.24–138.5) g, p = 0.354], and
total glucocorticoid dose [20.9 (3.6–71.7) vs 26.07
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Table 2. Demographic data, clinical manifestations, disease activity/damage scores, and laboratory tests in 852 patients with cSLE grouped according to IFI.
Values are n (%) or median (range) unless otherwise specified.

Variables With IFI, n = 33 Without IFI, n = 819                         p

Demographic data                                           
Female 29 (88) 703 (86)                                1.000
White, n = 830 19/33 (58) 573/797 (72)                            0.075
Age at cSLE onset, yrs, n = 846 12.4 (5.1–17.2) 11.8 (0.2–17.8)                          0.159
Disease duration, yrs, n = 846 1.0 (0–7.3) 4.7 (0–23.4)                         < 0.0001*
Current age, yrs, n = 849 14.5 (6–20) 17.0 (2–25.9)                        < 0.0001*

Current clinical manifestations                                           
Constitutional features and reticuloendothelial system involvement, n = 850 25/33 (76) 68/817 (8)                          < 0.0001*
Fever, n = 849 24/33 (73) 35/816 (4)                          < 0.0001*
Weight loss > 2 kg, n = 824 8/33(24) 25/791 (3)                          < 0.0001*
Lymphadenopathy, n = 848 6/32 (19) 8/816 (1)                           < 0.0001*
Hepatomegaly, n = 850 9/33 (27) 15/817 (2)                          < 0.0001*
Splenomegaly, n = 850 3/33 (9) 5/817 (1)                               0.003

Mucocutaneous involvement, n = 850 22/33 (67) 108/817 (13)                        < 0.0001*
Musculoskeletal involvement, n = 850 12/33 (36) 0/817 (0)                           < 0.0001*
Serositis, n = 848 13/33 (39) 0/815 (0)                           < 0.0001*
Neuropsychiatric involvement, n = 847 12/33 (36) 65/814 (8)                          < 0.0001*
Nephritis, n = 831 21/32 (66) 152/799 (19)                        < 0.0001*
Current autoimmune thrombosis, APS, n = 835 3/33 (9) 10/802 (1)                              0.012
Other                                           

Arterial hypertension, n = 843 19/33 (58) 100/810 (12)                        < 0.0001*
Acute renal failure, n = 841 16/33 (48) 21/808 (3)                          < 0.0001*
Chronic renal failure, n = 842 3/33 (9) 24/809 (3)                              0.084
Renal replacement therapy, n = 842 3/33 (9) 25/809 (3)                              0.092
Death, n = 845 17/33 (51) 50/812 (6)                          < 0.0001*

Disease activity/damage                                           
SLEDAI-2K at cSLE onset, n = 780/852 24 (2–45) 14 (0–58)                           < 0.0001*
Current SLEDAI-2K, n = 754/852 19.5 (0–44) 2 (0–45)                            < 0.0001*
Current SLICC, n = 822/852 0 (0–9) 0 (0–7)                                 0.037

Current laboratory tests                                           
ESR at IFI or last visit, mm/first/h, n = 716/852 30 (3–100) 19 (1–135)                             0.001*
CRP at IFI or last visit, mg/dl, n = 556/852 5.3 (0–364) 0.63 (0–404)                        < 0.0001*
Autoimmune hemolytic anemia, n = 826 9/33 (27) 19/793 (2)                          < 0.0001*
Leukopenia < 4000/mm3, n = 791 20/33 (61) 52/758 (7)                          < 0.0001*
Lymphopenia < 1500/mm3, n = 791 26/33 (79) 118/758 (16)                        < 0.0001*
Thrombocytopenia, < 150,000/mm3, n = 796 16/33 (48) 24/763 (3)                          < 0.0001*
Low C3, C4, and/or CH50, n = 632 11/29 (38) 253/603 (42)                            0.668
Anti-dsDNA, n = 720 17/30 (57) 253/690 (37)                            0.027
Lupus anticoagulant, n = 311 3/14 (21) 43/297 (14)                             0.444
aCL IgM, n = 348 3/15 (20) 51/333 (15)                             0.712
aCL IgG, n = 349 2/15 (13) 64/334 (19)                             0.746

* P value according to Bonferroni correction for multiple comparisons (p < 0.0015). cSLE: childhood-onset systemic lupus erythematosus; IFI: invasive fungal
infection; APS: antiphospholipid syndrome; SLEDAI-2K: Systemic Lupus Erythematosus Disease Activity Index 2000; SLICC: Systemic Lupus International
Collaborating Clinics; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; C3: complement factor 3; C4: complement factor 4; aCL: anticardiolipin;
IgM: immunoglobulin M; IgG: immunoglobulin G.
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(0.42–205.54) g, p = 0.285]. After Holm-Bonferroni
correction for multiple comparisons, the median of cyclo -
phosphamide cumulative dose did not reach statistical signifi -
cance in either group [2.8 (0.6–12.8) vs 7.0 (0.26–93) g, p =
0.002].

Logistic regression analysis revealed that these were
independent risk factors for IFI: SLEDAI-2K (OR 1.108,
95% CI 1.057–1.163, p < 0.0001), current PRED dose in
mg/day (OR 1.046, 95% CI 1.021–1.071, p < 0.0001), and
disease duration (OR 0.984, 95% CI 0.969–0.998, p = 0.030).
The R2 of Nagelkerke was 0.425 (Table 4).

The logistic regression analysis excluding cases that used
cyclosporine showed that these were also independent risk
factors for IFI: SLEDAI-2K (OR 1.126, 95% CI
1.071–1.183, p < 0.0001), current PRED dose in mg/day (OR
1.038, 95% CI 1.014–1.064, p = 0.002), and disease duration
(OR 0.983, 95% CI 0.967–0.999, p = 0.036). The R2 of
Nagelkerke was 0.416.

The logistic regression analysis excluding cases that used
cyclophosphamide revealed that these were independent risk
factors for IFI: SLEDAI-2K (OR 1.112, 95% CI 1.056–1.171,
p < 0.0001), current PRED dose in mg/day (OR 1.035, 95%
CI 1.009–1.060, p = 0.007), and disease duration (OR 0.981,
95% CI 0.965–0.996, p = 0.016). The R2 of Nagelkerke was
0.343.

Further analysis of a subgroup of 33 patients with cSLE
with IFI and 66 patients without IFI (randomly selected out
of 819 cSLE) who presented similar disease duration [1
(0–7.33) vs 1 (0–7.33) yrs, p = 0.772] revealed in the former
group a higher median of SLEDAI-2K [19.5 (0–44) vs 4
(0–45), p < 0.0001] and current PRED dose [50 (10–60) vs
20 (5–80) mg/day, p < 0.0001]. The frequency of premature
death was significantly higher in patients with cSLE with IFI
compared with those without this infection (51.5% vs 20%,
p = 0.001).

DISCUSSION 
Our study provided novel data demonstrating that invasive
fungal diseases in patients with cSLE are life-threatening
infections occurring predominantly in the first years of
disease presentation.

The advantage of our present study was a large cohort,
recorded consistently in 10 selected centers in São Paulo
state, Brazil. To minimize bias, standard procedures were
performed for data collection. The definition of IFI was based
on expert opinion and international consensus15,16. These
criteria have been used in clinical trials and epidemiological
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Table 3. Current therapy of 852 patients with cSLE according to IFI. Values are n (%) or median (range) unless otherwise specified.

Variables With IFI, n = 33 Without IFI, n = 819 p*

Nonsteroidal antiinflammatory, n = 843 3/33 (9) 43/810 (5) 0.418
Glucocorticoid

Prednisone, n = 844 29/33 (88) 639/811 (79) 0.208
Current dose, mg/day, n = 669 50 (10–60) 10 (2–90) < 0.0001*
mg/kg/day, n = 648 1.0 (0.1–2.0) 0.2 (0.02–4.7) < 0.0001*

Cumulative dose, g, n = 710 15.77 (0.24–35.6) 19.08 (0.12–105.51) 0.089
Intravenous methylprednisolone, n = 841 20/33 (61) 61/808 (7) < 0.0001*

Cumulative dose, g, n = 470 6.3 (2.0–35.3) 8.9 (0.24–138.5) 0.354
Total glucocorticoid dose, g, n = 688 20.9 (3.6–71.7) 26.07 (0.42–205.54) 0.285
Antimalarial drugs, n = 841 21/33 (64) 548/808 (68) 0.614

Chloroquine diphosphate, n = 816 8/33 (24) 123/783 (16) 0.191
Hydroxychloroquine sulfate, n = 818 13/33 (39) 440/785 (56) 0.059

Immunosuppressive agents, n = 845 23/33 (70) 499/812 (61) 0.339
Azathioprine, n = 842 14/33 (42) 284/809 (35) 0.389
Cyclosporine, n = 845 4/33 (12) 25/812 (3) 0.023
Methotrexate, n = 844 3/33 (9) 70/811 (9) 0.759
Mycophenolate mofetil, n = 845 7/33 (21) 111/812 (14) 0.206
Cyclophosphamide, n = 844 9/33 (27) 42/811 (5) < 0.0001*

Cumulative dose, g, n = 306 2.8 (0.6–12.8) 7.0 (0.26–93) 0.002
Others

Rituximab, n = 843 1/33 (3) 1/810 (0) 0.077
Plasmapheresis, n = 845 4/33 (12) 3/812 (0) < 0.0001* 

* P value according to Bonferroni correction for multiple comparisons (p < 0.0015). cSLE: childhood-onset systemic lupus erythematosus; IFI: invasive fungal
infection.

Table 4. Stepwise logistic regression analysis to evaluate risk factors for IFI
in 852 patients with cSLE.

Independent Variable OR 95% CI R2 p

Current SLEDAI-2K 1.108 1.057–1.163 0.425 < 0.0001*
PRED current dose, mg/day 1.046 1.021–1.071 — < 0.0001*
Disease duration 0.984 0.969–0.998 — 0.030*

* P value < 0.05. IFI: invasive fungal infection; cSLE: childhood-onset
systemic lupus erythematosus; SLEDAI-2K: SLE Disease Activity Index
2000; PRED: prednisone.
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studies26. Superficial candidiasis (such as oral and vulvo-
vaginal)15 were observed, but they were not included in the
analysis of IFI because they are not invasive and are generally
promptly treated.

The main limitations were the retrospective study design
and missing data. A precise evaluation of Ig levels was not
recorded, precluding a definitive interpretation regarding
primary immunodeficiency associated with cSLE1,27. In
addition, there were collinearity of the variables to differen-
tiate between IFI and disease variables, in spite of using
Holm-Bonferroni correction for multiple comparisons and
logistic regression.

Major infections are also an important cause of morbidity
and mortality in patients with cSLE, and they occur with high
frequency, from 37% to 57%2,4,5. Invasive fungal diseases
occur more often in immunosuppressed patients with hemato-
logical cancer, bone marrow transplantation28, and HIV
infection29. The IFI frequency of 3.9% observed herein in
patients with cSLE is similar to that reported for aSLE
(0.64–4.8%)29,30,31,32,33,34.

Of note, the majority of IFI observed in our present study
occurred in the first years of disease. A systematic review of
invasive fungal disease using the same criteria for cate -
gorizing these infections15 in patients with aSLE showed that
IFI was diagnosed within a median of 2 years29. About
one-fifth of our patients with cSLE presented IFI at disease
onset, differently from 9% of new-onset aSLE diagnosed
concurrently with these infections29. Of note, all of them had
severe disease activity (SLEDAI-2K > 20), reinforcing
previous observations that infection can exacerbate or mimic
disease activity, or induce flare4,9. Disease activity was also
frequently reported at onset of IFI in patients with aSLE,
similar to our population26,30,31,32.

Systemic Candida infections were observed in 2.35% of
our patients with cSLE, a frequency comparable with that
reported in the general population of 4 tertiary care hospitals
in São Paulo, Brazil (4%)35.

Patients with cSLE usually require higher steroid doses
than patients with aSLE36. High current glucocorticoid dose
was identified as one of the most important risk factors for
IFI in cSLE without any association with cumulative gluco-
corticoid dose, and independent of cyclophosphamide and
cyclosporine use. In spite of that, concomitant use of
immunosuppressive agents in these patients was reported to
be associated with cellular immunity impairment with conse-
quent lymphopenia and risk of severe infection26.

High mortality rate was most likely related to sepsis and
acute renal failure, an almost universal complication in the
patients evaluated here30. Lower respiratory tract was the
main site of IFI in children, whereas in adults there is a
predominance of CNS involvement30. cSLE differed from
aSLE regarding clinical syndromes of systemic mycosis.
Candidiasis and aspergillosis were the majority of pediatric
cases, in contrasting to adults, in whom cryptococcosis seems

to be the main cause of IFI30,34,37. Moreover, the disease
activity itself could present lymphopenia that may be aggra-
vated by cytotoxic therapy.

Antibiotic use prior to IFI occurred in two-thirds of our
patients, including almost the totality of patients with
aspergillosis and half of patients with candidiasis, similar to
the frequency reported in patients with aSLE38. Of note,
cryptococcosis was not associated with this treatment. This
finding may be related to the fact that aspergillosis and
candidiasis are infections potentially acquired during hospi-
talization and therefore prior use of antibiotics is more likely
than in cryptococcosis, a disease acquired mainly by
inhalation of aerosolized particles associated with bird
droppings, particularly pigeons, and bats10.

Antifungal therapy was promptly initiated in all patients
but 1, particularly fluconazole for candidiasis and ampho-
tericin B or voriconazole for other IFI30. In spite of that, half
of our patients died, suggesting that new guidelines for
prophylactic antifungal agents should be established in the
cSLE population, as reported in pediatric cancer39,40.

To our knowledge, ours was the first study that charac-
terized IFI in patients with cSLE. We identified that disease
activity and glucocorticoid were the main risk factors for
these life-threatening infections in early disease course with
a high rate of fatal outcome.
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