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Abstract
We describe two cases of fungal granulomatous interstitial nephritis (GIN) presenting as acute
kidney injury (AKI). Increased serum creatinine was detected in Patient 1 after chemotherapy for
pharyngeal cancer and in Patient 2 after steroid pulse therapy for bronchial asthma. Renal his-
tology of both patients revealed GIN. Polymerase chain reaction (PCR)-based detection of fungal
DNA sequences from kidney tissue demonstrated Trichosporon laibachii and Candida albicans,
respectively. When AKI occurs in an immunocompromised host, differential diagnosis of fungal
interstitial nephritis should be considered. Furthermore, PCR-based detection of fungal DNA se-
quences from renal specimens can be useful for rapid diagnosis.
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Introduction

Granulomatous interstitial nephritis (GIN) is a rare histo-
logical diagnosis found through biopsy of native and
transplanted kidneys [1–6]. Although the more common
causes are drug therapy (9–45%) and sarcoidosis
(9–29%) [1–5], many published studies have demon-
strated that GIN can be induced by infection. Mycobacter-
ia and fungal infections have been reported as the main
infectious causes of GIN, especially in immunocompro-
mised patients [1, 2, 5, 6, 7–16]. In such patients, GIN
was reported to be one of the causes of acute kidney
injury (AKI) [7–10, 11–15]. The identification of the cau-
sative agents of invasive fungal infections is critical for
guiding antifungal therapy. However, the current culture-
based phenotypic methods are insensitive and slow.

We report two cases of GIN presenting as AKI. Poly-
merase chain reaction (PCR)-based detection of fungal
DNA sequences from kidney tissue revealed Trichosporon
laibachii and Candida albicans, respectively.

Case reports

Patient 1

Clinical history. A 73-year-old Japanese man was ad-
mitted to the otolaryngology department for the treatment

of pharyngeal cancer. Laboratory tests revealed a serum
creatinine level of 0.8 mg/dL (71 µmol/L) and an estimated
glomerular filtration rate of 72 mL/min/1.73 m2 (1.2 mL/s/
1.73 m2) with no abnormality in urinalysis.

Six courses of a chemotherapy regimen including doce-
taxel (28 mg/day) and cisplatin (7 mg/day) were given
over 5 days, and, concomitantly, a total of 68 Gy of radi-
ation was administered during 2 months. Patient’s serum
creatinine was 0.9 mg/dL (80 µmol/L) at the end of che-
motherapy. One month after the completion of che-
motherapy and radiation therapy, the patient’s body
temperature rose to 40°C. Although chest X-ray showed
no consolidation in the lungs, antibiotics (piperacillin
sodium and teicoplanin) were started because sputum
cultures were found to be positive for Pseudomonas aeru-
ginosa and methicillin-resistant Staphylococcus aureus.
Two days later, the patient was referred to our nephrol-
ogy department because of elevated serum creatinine
and oliguria. Laboratory results were: creatinine, 8.1 mg/
dL (716 µmol/L); serum albumin, 2.1 g/dL (21 g/L); and C-
reactive protein (CRP), 11.1 mg/dL. The white blood cell
count was 14.3 × 103/µL (14.3 × 109/L) with 70% neutro-
phils. The hemoglobin level was 8.2 g/dL (82 g/L). The
serum level of β-D-glucan was high (>600 pg/mL);
however, antigen titers for Cryptococcus (the Eiken latex
agglutination test; Eiken, Tokyo, Japan), Aspergillus (Pla-
telia ELISA kit; Fujirebio, Tokyo, Japan) and Candida (Pla-
telia ELISA kit; Fujirebio, Tokyo, Japan) were negative.
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Urinalysis showed no proteinuria, 5–9 red blood cells/
high-power field and 5–9 white blood cells/high-power
field. Abdominal computed tomography (CT) showed
markedly enlarged kidneys bilaterally. The central venous
line via the internal jugular vein was removed because
catheter infection was suspected. Blood and urine cul-
tures were negative; however, culture of the tip of the
central venous catheter was positive for C. albicans. Pi-
peracillin and teicoplanin were continued and fluconazole
was added for C. albicans. Hemodialysis was started 1
week later, and a biopsy of the patient’s left kidney was
performed 10 days later after consultation.

Histologic findings of kidney biopsy. Microscopic findings
showed severe interstitial cell infiltration and fibrosis with
granulomatous formation. Inflammatory cells included
mononuclear, epithelioid and giant cells. Most of the glo-
meruli were highly collapsed. Grocott’s methenamine
silver (GMS) stain showed multiple small, rounded, yeast-
like features in the interstitium (Figure 1).

Patient 2

Clinical history. A 23-year-old Japanese man was ad-
mitted to another hospital for a severe bronchial asthma
attack. The patient had a medical history of asthma for
more than 10 years; however, no medication had been
prescribed. On the day of admission, as his respiratory
status worsened, he was intubated and mechanical
ventilation was started. Methylprednisolone pulse therapy
(1 g/day for 3 days) was administered. Two weeks after
admission, the patient’s renal function deteriorated and

hemodialysis was initiated. Abdominal CT demonstrated
enlargement of both kidneys. At the same time, the
patient’s body temperature rose to 37.5°C. Antifungal
therapy (fluconazole, 400 mg on alternate days) was
started because C. albicans was detected by blood
culture. One month after admission, the patient was
transferred to our hospital.
Physical examination showed a body temperature of

38.0°C and blood pressure of 133/66 mmHg. Coarse
crackles were auscultated in both lungs. Eye examination
showed no endophthalmitis and no abnormalities of
fundus. Laboratory results were: creatinine, 3.0 mg/dL
(265 µmol/L); serum albumin, 1.3 g/dL (13 g/L); and CRP,
13.8 mg/dL. The white blood cell count was 17.7 × 103/µL
(17.7 × 109/L) with 72% neutrophils. The hemoglobin level
was 7.1 g/dL (71 g/L). The serum level of β-D-glucan was
high (>1200 pg/mL), and a titer of Candida antigen was
positive. Urinalysis showed 3 (+) proteinuria, too many
red blood cells/high-power field and 50–99 white blood
cells/high-power field. Abdominal CT showed markedly
enlarged kidneys bilaterally. Chest X-ray demonstrated
diffuse consolidations and pleural effusions in both lungs.
Echocardiography revealed no valvular abnormalities, in-
cluding vegetation. Sputum and blood cultures were posi-
tive for P. aeruginosa. Antibiotics (imipenem/cilastatin,
0.25 g/day) were started. The antifungal medication was
changed from fluconazole to amphotericin B because of
prolonged elevation of β-D-glucan (>1200 pg/mL). One
month after admission, the patient was withdrawn from
mechanical ventilation. Despite improvement of the pul-
monary infection, the decline in renal function and
elevation of β-D-glucan continued. Two months after ad-
mission, CT showed multiple low-density areas in both
kidneys. Scintigraphy with gallium citrate Ga67 showed

Fig. 1. (A) Low-power view showing diffuse and severe interstitial cell infiltration. Glomeruli are well preserved [periodic acid-Schiff (PAS), original
magnification ×150]. (B and C) Low-power view showing granulomatous interstitial inflammation with mononuclear and epithelioid cells. In the
interstitium, there were focal isolated multinucleated Langhans giant cells (PAS and periodic acid silver methenamine [PASM], original magnification
×200). (D) High-power view of GMS stain showing multiple small, rounded yeast-like features in the interstitium. These organisms were diagnosed as
Trichosporon laibachii by PCR-based detection (GMS, original magnification, ×400).
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strong radionuclide uptake in both kidneys. These find-
ings were considered multiple renal abscesses. Three
months after admission, we decided to perform bilateral
nephrectomy because eradication of organisms was re-
garded impossible without the removal of the whole
tissue.

Histologic findings of removed kidneys. Macroscopic in-
spection of the patient’s removed kidneys found multiple
abscesses, mainly in the subcapsular cortical area. Micro-
scopic examination revealed severe interstitial cell infil-
tration and fibrosis with granulomatous formation.
Inflammatory cells included lymphocytes, plasma cells
and multinucleated histiocytes. Most of the glomeruli
were highly collapsed. The GMS stain showed multiple
small, rounded, yeast-like features and branching fila-
mentous features in the interstitium, including at the
center of the abscess formation (Figure 2).

Molecular biologic analysis of cases. An appropriate area
of formalin-fixed, paraffin-embedded tissue (FFPE) blocks
was selected aligned with GMS stain and a 2 mg of
segment was excised and minced using a clean disposa-
ble scalpel. DNA was extracted using Genomic DNA purifi-
cation Kit (Qiagen GmbH, Hilden, Germany). The internal
transcribed spacer (ITS) region was amplified with the
PCR assay using the universal primer set of the ITS region
of the fungi [17]. Nucleotide sequence analysis and a
BLAST (Basic Local Alignment Search Tool) search of
the European Molecular Biology Laboratory (EMBL)
and GenBank® databases revealed 100% homology with
T. laibachii in Patient 1 and C. albicans in Patient 2.

Discussion

GIN is a rare histological diagnosis that is discovered in
<1% of biopsied native and transplanted kidneys [1–6].
GIN caused by infection accounts for 6.6% of the total
cases of GIN [1–5]. Mycobacteria and fungi are the main
etiologies of the infections. Occurrences of GIN secondary
to fungal infections, including Histoplasma, Candida and
Cryptococcus, have been found primarily in immunocom-
promised patients and have been described in a few
reports [1, 2, 5–16].

The identification of the causative agents of invasive
fungal infections is critical for guiding antifungal therapy.
However, the current culture-based phenotypic methods
are insensitive and slow, requiring considerable expertise
for correct morphological identification of less common
or unusual fungi [18]. While histopathologic examination
can prove the presence of invasive fungal infections by
demonstrating fungal elements, identification of the
specific fungus at the genus or species level based on
morphologic characteristics is limited [19]. In recent
years, PCR techniques performed with deparaffinized
tissue sections have been used to try to improve the de-
tection and identification of pathogens [20, 21]. PCR-
based detection of fungal DNA sequences can be rapid,
sensitive and specific. The ITS regions of fungal ribosomal
DNA are highly variable sequences of great importance in
distinguishing fungal species by PCR analysis. In previous
studies [20, 21], the yield of PCR and sequencing in iden-
tifying fungal DNA from FFPE tissue specimens has
ranged from 60 to 68%.

We have encountered two patients with GIN presenting
as AKI. In Patient 1, a high serum level of β-D-glucan
and a positive catheter culture for C. albicans suggested

Fig. 2. (A) Low-power view showing diffuse and severe interstitial cell infiltration (PAS, original magnification ×100). (B and C) Low-power view showing
granulomatous interstitial inflammation with mononuclear and epithelioid cells. There were focal isolated multinucleated Langhans giant cells in the
interstitium. Glomeruli are collapsed (PAS and periodic acid silver methenamine, original magnification ×200). (D) High-power view of GMS stain
showing multiple small, rounded yeast-like features and branching filamentous features in the interstitium. These organisms were diagnosed as
Candida albicans by PCR-based detection (GMS, original magnification, ×400).
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invasive Candida infection. However, PCR-based detection
of fungal DNA sequences from the patient’s kidney tissue
revealed T. laibachii. To our knowledge, this is the first
report of T. laibachii causing GIN. In this case, there is a
conflict concerned with positive central venous catheter
tip culture of C. albicans and positive PCR results of T. lai-
bachii in renal tissues. Although renal biopsy specimens
were repeatedly examined by PCR many times, only DNA
sequence of T. laibachii, not C. albicans, was detected.
These results demonstrate that both organisms would
have existed; one was C. albicans of catheter origin and
the other was T. laibachii of unknown origin. Unfortu-
nately, this patient died from pneumonia of unknown
origin, despite strong antifungal therapy including am-
photericin B. In Patient 2, a high serum level of β-D-
glucan and a positive blood culture for C. albicans also
suggested invasive Candida infection. Accordingly, PCR-
based detection from the patient’s removed kidneys de-
monstrated C. albicans. This patient recovered from
sepsis caused by C. albicans and continued regular hemo-
dialysis at an outpatient clinic. Basically, repeated cul-
tures of specimens, including blood, sputum, urine and
others or tests of serum antigen detection, are gold stan-
dards for the diagnosis of fungal infection. PCR-based de-
tection of fungal DNA sequences is not always easy in a
clinical setting because it requires a molecular biological
technique. Moreover, contamination of other species of
fungus does not completely prevent. However, such trial
to detect causative organisms should be made in order
to rescue immunocompromised patients.

In summary, we have reported two cases of fungal GIN
presenting as AKI. DNA sequencing of the PCR products
from biopsied and resected kidney tissue demonstrated
concordance with T. laibachii and C. albicans, respectively.
When AKI occurs in an immunocompromised host, differ-
ential diagnosis of fungal interstitial nephritis should be
considered. Furthermore, PCR-based detection of fungal
DNA sequences from renal specimens can be useful for
rapid diagnosis and treatment.
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