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Invasive Fungal Infections in Patients with Systemic
Lupus Erythematosus
MARCO ULISES MARTÍNEZ-MARTÍNEZ, DAVID HERRERA-VAN OOSTDAM, SUSANA ROMÁN-ACOSTA,
MARTÍN MAGAÑA-AQUINO, LOURDES BARANDA-CÁNDIDO, and CARLOS ABUD-MENDOZA

ABSTRACT. Objective. Invasive fungal infections (IFI) are catastrophic diseases associated with a high mortality.
Relatively few cases of IFI have been described in systemic lupus erythematosus (SLE) and their relat-
ed factors have not been completely explored. We evaluated factors associated with IFI in patients with
SLE.
Methods. All patients with both IFI and SLE admitted to our hospital in the last 7 years were evaluat-
ed and each was compared with 5 hospitalized patients with SLE (controls). Demographic factors, dura-
tion of SLE, and treatment in the previous month were compared.
Results. Sixty patients with SLE were evaluated (10 with IFI and 50 controls). Median age was 29
years. High C-reactive protein levels were associated with IFI, along with other factors such as high dis-
ease activity, mechanical ventilation, treatment with antibiotics, hemodialysis, high doses of glucocor-
ticoids (GC), and treatment with mycophenolate mofetil. Mortality was 4 times more frequent in
patients with IFI than in SLE patients without the deep fungal infection.
Conclusion. IFI is a rare infection observed in patients with rheumatic diseases. We describe factors
associated with IFI in patients with SLE. IFI is associated with elevated morbidity and mortality. Early
diagnosis and treatment are desirable. (J Rheumatol First Release June 15 2012; doi:10.3899/
jrheum.111498)
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Infection is a frequent cause of morbidity and mortality in
patients with systemic lupus erythematosus (SLE)1.
Predisposing risk factors for infections in patients with SLE
are diverse; they include genetic or acquired immune defi-
ciencies such as defects in phagocytic cell function, lym-
phopenia, and decreases in the production of some cytokines,
immunoglobulins, and in complement levels2. Moreover, SLE
therapy may increase the risk of infectious processes1.

Invasive fungal infection (IFI) is a life-threatening condi-
tion occurring most often in patients with hematological
malignancy, hematopoietic stem cell transplant recipients, and
solid organ transplant recipients3. Although predisposing risk
factors have been described in these diseases, the character of
SLE and its complications related to IFI are not completely
understood. We retrospectively analyzed associated factors
for the development of deep fungal infections in patients with
SLE in our institution over a 7-year period.

MATERIALS AND METHODS

Selection of patients and collection of clinical data. From the hospital’s cen-
tral discharge register, we identified all patients discharged with a diagnosis
of SLE4 from January 2004 to May 2011. By linking with the register we
identified 10 cases of IFI/fungemia among 309 patients admitted with SLE.
Fungemia confirmation was based on a positive blood culture for fungi. IFI
was deemed a fungal infection at sites other than skin, urine, or mucous mem-
branes (histological diagnosis through biopsy or necropsy)5. We included
fungemia with IFI because it is included as an invasive fungal disease by the
European Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the US National Institute of Allergy
and Infectious Diseases Mycoses Study Group Consensus Group.

To identify factors associated with IFI, we performed a case-control study.
For each case in which SLE and IFI were confirmed, 5 controls from our SLE
cohort were selected. The next 5 hospital admissions with the diagnosis of
SLE after 1 case (IFI and SLE) were matched as controls. The clinical data
were reviewed and evaluated regarding the 1997 American College of
Rheumatology (ACR) revised criteria for the classification of SLE4,6 and
IFI5. Cases and controls included men and women; pediatric cases as well as
adults were included to evaluate age as a factor related to IFI. Patients were
excluded if they did not fulfill the ACR criteria or if they had incorrect diag-
nosis registrations. Data retrieved from the medical records included age, sex,
disease duration, laboratory test results [hematology, creatinine, albumin, C-
reactive protein (CRP)], medical events (requiring hemodialysis and mechan-
ical ventilation), disease activity (measured by SELENA-SLEDAI — Safety
of Estrogens in Lupus Erythematosus National Assessment-Systemic Lupus
Erythematosus Disease Activity Index7), and treatment, particularly 1 month
prior to fungal infection. These data were obtained at diagnosis of IFI for the
cases. Data for the controls were obtained at admission (treatment and med-
ical events included all medications and events received during the selected
admission).

Statistical analysis. Nonparametric statistical analyses were performed;
descriptive data are reported as median and interquartile range. Categorical
measurements were compared using chi-squared or Fisher’s exact test. All
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analyses were performed using SPSS 15.0 (SPSS, Chicago, IL, USA). A level
of p < 0.05 was considered statistically significant. 

RESULTS

Ten patients fulfilled the ACR criteria for SLE and IFI4,6, then
50 SLE controls without IFI were selected. Characteristics of
patients and controls are presented in Table 1. The statistical-
ly significant associated factors were requirement of mechan-
ical ventilation, hemodialysis, levels of CRP, complement
activity (CH50), and disease activity. Drugs associated with
IFI were glucocorticoids (GC) in high doses, antibiotics, and
mycophenolate mofetil (MMF). Thirty-five control patients
(70%) were admitted for disease activity (18 with lupus
nephritis, 11 neuropsychiatric SLE, 4 with hematologic dis-
ease activity, and 2 with diffuse alveolar hemorrhage). Fifteen
patients were admitted for other causes [4 with pneumonia, 3
for surgical procedures, 2 seizures, 2 bacterial meningitis, 1
cellulitis, 1 diabetic ketoacidosis, 1 azathioprine-related pan-
cytopenia, and 1 with pulmonary tuberculosis]. The distribu-
tion of causative organisms were 4 patients infected with

Candida spp., 2 Cryptococcus spp., 2 Coccidioides immitis, 1
patient with histoplamosis, and 1 with both Aspergillus and
Mucor spp. Patients with Candida spp. had disseminated
invasive candidiasis; the other 6 patients also had disseminat-
ed fungal infections, including at least 1 of central nervous
system, lung, liver, blood, and bone marrow (Table 2).

All patients with IFI and 20 (40%) controls received anti -
biotics; 11 controls (22%) and 2 patients with IFI were diag-
nosed as having bacterial infections (confirmed through
 cultures). 

Concerning the drugs used to treat SLE in the previous
month, doses of prednisone (or its GC equivalent) were high-
er in patients with IFI than in controls. Five out of 10 patients,
and only 22% in the control group, were taking MMF.

IFI contributed to 7 deaths in this series. Only 7 out of 10
patients received antifungal therapy: 6 patients received
amphotericin B or its liposome derivative, and the other
patient received anidulafungin. Three patients did not receive
any specific treatment, because their diagnosis of IFI was
made postmortem and identified through necropsy studies.
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Table 1. Main characteristics at admission of patients in the study. All data are median (interquartile range)
unless otherwise indicated.

Characteristics Patients with Controls, All, p
SLE, n = 10 n = 50 n = 60

Age, yrs 30.5 (29.75) 28.5 (13.75) 29 (15.25) 0.592
Women, n (%) 7 (70) 41 (82) 48 (80) 0.403
Duration of SLE, mo 27 (188.75) 13.5 (39) 16.5 (51) 0.118
Leukocytes × 103/µl 4.1 (4.46) 7.2 (7.02) 6.3 (6.3) 0.059
Lymphocytes × 103/µl 0.44 (0.51) 0.73 (0.69) 0.68 (0.70) 0.061
Neutrophils × 103/µl 3.8 (4.22) 5.2 (5.84) 5.0 (5.3) 0.108
Hemoglobin, g/dl 9.0 (3.07) 9.5 (3.15) 9.5 (2.95) 0.677
Creatinine, mg/dl 2.8 (3.82) 0.9 (3.25) 1.1 (3.2) 0.190
Albumin, g/dl 2.9 (0.81) 3.0 (0.76) 2.9 (0.74) 0.147
CRP, mg/dl 16.3 (18.5) 1.3 (10.5) 1.7 (11.71) 0.002
CH50 units 10.5 (12.65) 21 (18.63) 20 (18.5) 0.014
Prednisone, n (%) 10 (100) 25 (50) 35 (58.3) 0.003
Prednisone > 0.5 mg/kg/day, n (%) 7 (70) 5 (10) 12 (20) < 0.001
Cumulative dose of GC, g 2.2 (3.0) 0.1 (3.0) 0.2 (3.0) 0.003
SELENA-SLEDAI 14 (9.5) 8 (6) 8 (7.75) 0.004
DM2, n (%) 1 (10) 2 (4) 3 (5) 0.427
MV, n (%) 8 (80) 11 (22) 19 (31.7) 0.001
Antibiotics, n (%) 10 (100) 20 (40) 30 (50) 0.001
Hemodialysis, n (%) 5 (50) 7 (14) 12 (20) 0.021
Methotrexate, n (%) 3 (30) 12 (24) 15 (25) 0.700
Azathioprine, n (%) 3 (30) 13 (26) 16 (26.7) 1.00
MMF, n (%) 5 (50) 7 (14) 12 (20) 0.021
Antimalarial, n (%) 4 (40) 8 (16) 12 (20) 0.101
Cyclophosphamide, n (%) 3 (30) 8 (16) 11 (18.3) 0.371
Vitamin D, n (%) 3 (30) 10 (20) 13 (21.7) 0.675
Statins, n (%) 8 (80) 29 (58) 37 (61.7) 0.291
Rituximab, n (%) 2 (20) 4 (8) 6 (10) 0.259
mPDN, n (%) 5 (50) 15 (30) 20 (33.3) 0.278
Died, n (%) 7 (70) 9 (18) 16 (26.7) 0.002

SLE: systemic lupus erythematosus; CRP: C-reactive protein; GC: glucocorticoids; SELENA-SLEDAI: Safety
of Estrogens in Lupus Erythematosus National Assessment-Systemic Lupus Erythematosus Disease Activity
Index; DM2: type 2 diabetes mellitus; MV: mechanical ventilation; MMF: mycophenolate mofetil; mPDN: pulse
methylprednisolone.
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A high level of CRP was a characteristic of our patients
with IFI (Figure 1). We calculated a sensitivity of 74% and
specificity of 70% of a CRP level > 10 mg/dl for diagnosing
IFI. 

DISCUSSION

Infection rates in patients with SLE appear to be more fre-
quent than observed in other rheumatic diseases such as
rheumatoid arthritis, a fact probably related to the distinctive
characteristics of SLE such as hypocomplementemia,
hypogammaglobulinemia, elevated cytokines, and the use of
immunosuppressive therapy8,9. Bacterial infections are report-
ed more often than fungal infections in patients with SLE3,10.
Few case series have described the association between SLE
and IFI3,8.

Our findings demonstrate that factors associated with IFI
are treatment with MMF, antibiotics, high doses of GC, high
disease activity, low CH50 levels, mechanical ventilation, and

hemodialysis. Some of these factors are also observed in
patients with cancer, where associated factors agree with our
findings, such as use of mechanical ventilation, dialysis, cor-
ticosteroids, and other immunosuppressive agents11.

Up to 90% of patients with SLE require GC for disease
control12. GC have many complex quantitative and qualitative
immunosuppressive effects that induce cellular immunodefi-
ciency and increase host susceptibility to various viral, bacte-
rial, fungal, and parasitic infections1. Our study describes the
association of high doses of GC and IFI in patients with SLE.

MMF can inhibit B cell and T cell function, and it has been
shown to modify dendritic cells and monocyte function. These
factors might enhance the risk of infectious complications
such as cytomegalovirus and BK virus13. Even though this
drug is of frequent use in transplantation, and IFI is possible
in those patients14, there are few studies about the association
between MMF and fungal infections.

A high level of CRP is another of our findings. In other
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Table 2. Clinical features of patients with invasive fungal infections (IFI).

History Laboratory Tests Therapy IFI

Patient 1. Women, 32 yrs, 1 yr duration of SLE, Cr: 2.8, WBC: 2.01, MMF, PDN 20 mg Fungi: Coccidioides immitis.
required HD. Hospital admission for LN, fever. Lymps: 0.08, CRP: 16.4 mg/dl, Localization: disseminated (necropsy).
SELENA-SLEDAI 19, required MV CH50: 12 Tx: none, dead
Patient 2. Man, 16 yrs, duration of SLE 6 yrs, Cr: 8.09, WBC: 6.15, MMF, PDN: 30 mg Fungi: Candida sp.
was under HD. Hospital admission: catheter-related Lymps: 0.6, CRP: 0.55, Localization: blood. Tx: amphotericin
fever. SELENA-SLEDAI 3 CH50: 16
Patient 3. Woman, 29 yrs, duration of SLE 3 yrs. Cr: 2.84, WBC: 2.4, PDN: 30 mg, mPDN, RTX Fungi: Mucor sp. and Aspergillus sp.
Hospital admission: diabetic ketoacidosis, DAH. Lymps: 0.72, CRP: 5.4, Localization: disseminated (necropsy).
SELENA-SLEDAI 10 CH50: 8 Tx: none, dead
Patient 4. Women, 27 yrs, duration of SLE 18 mo, Cr: 3.8, WBC: 2.06, PDN 30 mg, CMP, Fungi: Cryptococcus sp.

required HD. Hospital admission: DAH; Lymps: 0.42, CRP: 24.3, mPDN Localization: disseminated, liver,
required MV, SELENA-SLEDAI 18 CH50: 10 bone marrow. Tx: amphotericin, dead
Patient 5. Woman, 32 yrs, duration of SLE 4 mo. Cr: 0.93, WBC: 4.09 PDN 15 mg Fungi: Candida sp.
Hospital admission: fever, pneumonia. Required Lymps: 0.04, CRP: 16.25, Localization: blood. Tx: amphotericin, 
MV, SELENA-SLEDAI 8 CH50: 27 dead
Patient 6. Woman, 51 yrs, duration of SLE 16 yrs. Cr: 2.81, WBC: 6.16, MMF, PDN 30 mg, Fungi: Coccidioides immitis. 
Hospital admission: DAH: Required MV, Lymps: 1.8, CRP: 30.5, RTX, mPDN Localization: disseminated (necropsy).
SELENA-SLEDAI 16 CH50: 5 Tx: none, dead
Patient 7. Man, 19 yrs, recent diagnosis of SLE Cr: 1.1, WBC: 6.16, PDN: 60 mg, CPM, Fungi: Candida sp. Localization: blood.
because of NPSLE and pancreatitis. After he Lymps: 1.8, CRP: 30.5 mPDN Tx: anidulafungin, dead
developed ARF, required HD and MV, CH50: 3
SELENA-SLEDAI 18
Patient 8. Woman, 22 yrs, new diagnosis of SLE, Cr: 1.18, WBC: 1.86, PDN: 70 mg Fungi: Cryptococcus sp.
had LN and NPSLE. Even though had been receiving Lymps: 0.33, CRP: 10.6, Localization: meningeal. Tx: receiving
tx for short time (2 weeks), IFI diagnosed CH50: 4 amphotericin
at admission. Required MV, SELENA-SLEDAI 29
Patient 9. Woman, 51 yrs, duration of SLE 20 yrs. Cr: 0.51, WBC: 7.54, MMF, PDN: 60 mg Fungi: Histoplasma capsulatum.
Hospital admission: pneumonia, meningitis. Lymps: 0.68, CRP: 17.28, Localization: meningeal. Tx:
Required MV, SELENA-SLEDAI 12 CH50: 20 amphotericin, dead
Patient 10. Man, 51 yrs, duration of SLE 16 yrs. Cr: 8.12, WBC: 20.7, MMF, PDN: 60 mg, Fungi: Candida sp. Localization: blood.
Had LN, was under HD. Hospital admission: Lymps: 0.21, CRP: 22, CPM, mPDN Tx: amphotericin, alive
NPSLE. Required MV. SELENA-SLEDAI 9 CH50: 11

SLE: systemic lupus erythematosus; SELENA-SLEDAI: Safety of Estrogens in Lupus Erythematosus National Assessment-Systemic Lupus Erythematosus
Disease Activity Index; HD: hemodialysis; LN: lupus nephritis; MV: mechanical ventilation; DAH: diffuse alveolar hemorrhage; ARF: acute renal failure;
Cr: creatinine (mg/dl); WBC: leukocytes (× 103/mm3); Lymps: lymphocytes (× 103/mm3); CRP: C-reactive protein (mg/dl); CH50: complement activity
(units); MMF: mycophenolate mofetil; NPSLE: neuropsychiatric SLE; MTX: methotrexate; AZA: azathioprine; PDN: prednisone (mg/day); CPM:
cyclophosphamide; RTX: rituximab; mPDN: methylprednisolone pulse therapy; Tx: treatment.
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studies, CRP has been reported as normal or with only modest
elevation in patients with active SLE but without evidence of
infection15. Moreover, CRP is a sensitive and specific marker
for diagnosing bacterial infections in patients with SLE16. A
level > 10 mg/dl in patients with SLE and the associated fac-
tors that we describe should alert rheumatologists to look for
IFI.

Experimental studies in animals and observational studies
in humans have shown that those treated with statins have a
lower risk of sepsis and present more favorable outcome17,18.
However, our results do not support the benefit of this drug to
prevent IFI.

SLE is associated with a 2-fold to 5-fold risk of death com-
pared with the general population; disease activity, infection,
and accelerated atherosclerosis represent the main causes of
death in SLE19. Mortality in our series was extremely high,
similar to other studies that showed mortality of 50%3,20. IFI
may explain the high rate of mortality in our study. We were
not able to identify this fatal infection in 3 of our patients, and
so they did not receive specific treatment (diagnosis was
made through necropsy findings). Three patients also had dif-
fuse alveolar hemorrhage, a condition also independently
associated with high mortality21. We recognize that it is dif-
ficult to separate mortality related to disease activity from IFI
itself.

Limitations of our study include that we did not measure
the levels of the different components of complement path-
ways. This is a key factor that has been associated with infec-
tion in patients with SLE and immunoglobulin deficiency22.
Another limitation is the number of patients, making it diffi-
cult to perform multivariate analysis. Moreover, management
of all our patients included immunosuppressive drug combi-
nations such as MMF and GC. One other limitation is that
10/309 patients may not reflect the true prevalence of IFI
because the diagnosis requires biopsies in some cases; autop-
sies were not performed for all controls.
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Figure 1. Box plot showing median, quartiles, and extreme values of C-reac-
tive protein. IFI: invasive fungal infections.
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