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Abstract 

Tubuloreticular inclusions (TRIs) are subcellular structures located within the cisternae of 

endoplasmic reticulum. Formation of TRIs has been linked to the exposure of excess interfer-

on (IFN), either from endogenous or exogenous sources. In renal disease, TRIs have been 

most commonly associated with systemic lupus erythematosus (SLE), and human immunode-

ficiency virus-associated nephropathy (HIVAN). Case reports of patients with renal biopsies 

showing TRIs without underlying SLE or HIV are infrequent in adults, and to our knowledge 

none have been reported in children. We report 3 pediatric cases in which the renal biopsy 

showed TRIs on electron microscopy without underlying SLE or HIV infection. The first pa-

tient presented at 2 years of age with nephrotic syndrome and renal failure. His renal biopsy 

revealed focal segmental glomerulosclerosis and TRIs. The second patient presented at 6 

months of age with infantile nephrotic syndrome, and his renal biopsy revealed membranous 
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glomerulopathy and TRIs. The last patient presented at 4 years of age with acute kidney inju-

ry of unclear etiology leading to chronic kidney disease. Her biopsy revealed acute and 

chronic tubulointerstitial nephritis with TRIs. Despite extensive evaluation in all 3 patients, 

including testing for HIV infection and SLE, we could not identify an underlying etiology to 

explain the presence of TRIs. In conclusion, renal biopsy with TRIs in the absence of underling 

SLE and HIV remains obscure. We propose a possible role for excess IFN triggered by an 

abnormal immune response to common viral infections in the formation of TRIs and renal 

injury. © 2017 The Author(s) 

 Published by S. Karger AG, Basel 

Introduction 

Tubuloreticular inclusions (TRIs) are 20- to 28-nm subcellular structures, made of 
phospholipids. They appear as anastomosing membranous tubules in the cisternae of the 
endoplasmic reticulum on electron microscopy (EM) [1]. They are found in endothelial and 
lymphoreticular cells, and other cells such as connective tissue, neural, and epithelial cells 
[1]. They were first described in the 1960s and had different names at different points in 
time [2]. TRIs have been strongly associated with systemic lupus erythematosus (SLE), hu-
man immunodeficiency virus-associated nephropathy (HIVAN), and some other viral infec-
tions [3]. Renal biopsies that show TRIs in the absence of SLE and HIV are rare and, to our 
knowledge, have not been reported in pediatric patients. 

In this article, we report 3 pediatric patients with renal biopsy showing TRIs. Evaluation 
of these patients did not reveal HIV, SLE, or any other viral illness that has been reported in 
association with TRIs. 

Case Reports 

Case Summary 1 
A 2-year-old Caucasian male presented with a 2-week history of fever, upper respiratory 

infection, and edema. He had a history of poor weight gain, and his immunizations were de-
layed per parent’s preference. He had no family history of renal or autoimmune disease. 

At presentation, he was afebrile with stable vital signs and blood pressure (BP) of 
110/65 mm Hg. His weight and height were below the 5th centile for age. He had facial 
swelling, ascites, and significant pitting edema on his lower extremities. The remaining phys-
ical examination was unremarkable. Urinalysis (UA) revealed 4+ proteinuria with urine pro-
tein/creatinine (Cr) ratio of 32 and no hematuria. His complete blood count (CBC) revealed 
anemia with hemoglobin (Hgb) of 6.4–9.9 g/dL, white blood cell count (WBC) of 6.8 × 
103/mm3, and normal platelet count. His blood urea nitrogen (BUN) and Cr were 116 and 5.7 
mg/dL, respectively. A complete metabolic panel showed hyperkalemia (6.4 mg/dL), hyper-
phosphatemia (9.7 mg/dL), and metabolic acidosis (pH 7.29 and serum bicarbonate of 13 
mg/dL). He also had hypermagnesemia (3 mg/dL), hypoalbuminemia (1 g/dL), and high 
parathyroid hormone level of 402.7 pg/mL. Complement C3 level was low at 58–65 mg/dL, 
and C4 was within normal limits; anti-nuclear antibody (ANA) and anti-neutrophil cyto-
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plasmic antibodies were negative. Viral serological studies were positive only for rhinovi-
rus/enterovirus and influenza (Table 1). 

A kidney biopsy was performed at the time of hemodialysis catheter placement. Renal 
tissue was evaluated by light microscopy (LM), immunofluorescence (IF) microscopy, and 
EM. Extensive global glomerulosclerosis involving 33 out of 50 glomeruli was seen by LM. 
Fourteen glomeruli had focal segmental glomerulosclerosis (FSGS), not otherwise specified 
(Fig. 1a). Interstitial fibrosis and tubular atrophy was severe (approximately 70%). Direct IF 
was negative for all immunoreactants including: IgG, IgA, IgM, C1q, C3, albumin, and fibrino-
gen. EM demonstrated extensive podocyte foot process effacement. No electron-dense de-
posits were identified, but TRIs were present (Fig. 1b). He was discharged to outpatient he-
modialysis then transitioned to peritoneal dialysis. On subsequent visits, genetic studies 
showed NPHS2 mutation of unknown clinical significance. There was no sequence alteration 
in NPHS1, WT1, PLCE1, or LAMB2 genes. 

Case Summary 2 
The second case was a Hispanic male who presented at 6 months of age with nephrotic 

syndrome. The patient was medically complex with bilateral cataracts, hypotonia, palate 
deformity, developmental delay, failure to thrive with gastric tube dependency, and seizures. 
He had chronic respiratory failure with a history of multiple aspiration pneumonias, hypo-
thyroidism, chronic diarrhea, and frequent urinary tract infections. His mother’s antenatal 
screening was negative for RPR, HBV, and HIV, and she was rubella immune. There was no 
family history of renal or autoimmune disease. At presentation he was afebrile and BP was 
92/51 mm Hg. Physical exam revealed developmental delay, hypotonia, and subtle dysmor-
phology which included: micrognathia, wide nasal bridge, and plagiocephaly. At the time of 
initial presentation, UA revealed hematuria and 3+ proteinuria with a protein/Cr ratio of 
approximately 39. Urine was positive for elevated β2-microglobulin. His CBC revealed ane-
mia (Hgb 9.9–10.5 gm/dL) with normal WBC and platelets counts. BUN and Cr were normal 
(5 mg/dL and <0.1 mg/dL, respectively) and he had normal electrolytes. He was hypoalbu-
minemic (serum albumin 1.2 gm/dL). Viral serological studies for rhinovirus/enterovirus, 
coronavirus, and respiratory syncytial virus were positive. All other viral serologies were 
otherwise negative (Table 1). C3 and C4 were normal and ANA was negative. He had a nor-
mal karyotype without mutations in NPHS2, WT1, LAMB2, PLCE1, or NPHS1 genes. The in-
herited FSGS gene panel reported a likely benign variant of TRPC6. Ultrasound was initially 
normal, but a repeat ultrasound showed enlarged and echogenic kidneys. 

A kidney biopsy was performed and evaluated by LM, IF, and EM. LM revealed mild 
mesangial hypercellularity and focal mild endocapillary hypercellularity. The glomerular 
basement membranes were diffusely thickened with spikes visible by Jones silver stain. Di-
rect IF demonstrated diffuse, global, granular, glomerular capillary wall-positive staining by 
IgG (4+), IgA (3+), C1q (1+), and C3 (2+). EM showed extensive podocyte foot process ef-
facement, numerous subepithelial electron-dense deposits (Fig. 2a), and a TRI (Fig. 2b). The 
combination of findings by renal biopsy was diagnostic for membranous glomerulopathy. 

The patient was later diagnosed as Vici syndrome, which consists of agenesis of the cor-
pus callosum, cataracts, oculocutaneous hypopigmentation, cardiomyopathy, and a com-
bined immunodeficiency (molecular testing revealed biallelic mutations in the EPG5 gene). 
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Angiotensin converting enzyme inhibitor therapy was initiated, and his urine protein/Cr 
ratio decreased to 0.6 on a follow-up nephrology visit. He continued to have intermittent 
episodes of proteinuria and acute kidney injury during subsequent hospitalizations. The 
patient expired following a hospitalization for respiratory failure due to severe pneumonia, 
and acute respiratory distress syndrome (ARDS) which was associated with a disseminated 
fungal infection. 

Case Summary 3 
The third case was a 4-year-old female of Indian descent who presented with renal in-

sufficiency and hyperkalemia. Two months prior to our evaluation, she had been hospital-
ized for acute renal failure requiring dialysis while visiting India. While in hospital she had 
gastroenteritis and oliguric renal failure with concern for sepsis. She required hemodialysis 
and plasma transfusions for worsening bilateral pneumonia and ARDS that required intuba-
tion and mechanical ventilation. Lower respiratory tract cultures grew Acinetobacter bau-
mannii, but blood cultures remained negative. She required hemodialysis for 2 weeks after 
which her renal function improved and the hemodialysis catheter was removed. Upon her 
return to the United States, she was evaluated by her primary care physician and referred to 
our hospital for hyperkalemia (6.6 mg/dL). The patient’s laboratory findings at that time 
showed elevated Cr (3.4 mg/dL), hyponatremia (113 mEq/L), and increased WBC (19.8 × 
103/mm3) but no anemia or thrombocytopenia. Family history was positive for maternal 
Hashimoto’s thyroiditis but negative for renal disease. At the time of our evaluation, the pa-
tient’s only medication was pantoprazole. Physical examination at our hospital revealed an 
afebrile child with a BP of 114/86 mm Hg. She appeared thin and anxious but the rest of her 
physical exam was unremarkable. UA revealed trace leukocytes but no hematuria or pro-
teinuria. Her CBC showed anemia (Hgb 8.9 g/dL), increased WBC of 12.3 × 103/mm3, normal 
differential count, and thrombocytosis (775 × 103/mm3). BUN and Cr were 58 mg/dL and 1.8 
mg/dL, respectively. Electrolytes revealed hyperkalemia (6 mEq/L) and hyperphosphatemia 
(6.6 mg/dL). C3 and C4 were normal. ANA and anti-double-stranded DNA autoantibodies 
were negative. Viral serological studies were positive only for rhinovirus/enterovirus (Table 
1). Renal ultrasound revealed that her right kidney had a duplicated collecting system. Renal 
biopsy was performed and LM showed 35 unremarkable glomeruli. Foci of mild tubulitis 
were seen. Interstitial fibrosis and tubular atrophy was approximately 50% with a moderate 
infiltrate of mononuclear leukocytes diffusely present in the interstitium (Fig. 3a). Direct IF 
was negative for all immunoreactants. EM showed mild podocyte foot process effacement. 
Definitive electron-dense deposits were not identified, but multiple TRIs were present (Fig. 
3b). She was discharged home on antihypertensives (amlodipine and clonidine), erythropoi-
etin, bicitra, and phosphate binders. Steroids were subsequently prescribed based on the 
biopsy diagnosis of acute and chronic tubulointerstitial nephritis. On her last follow-up, Cr 
was at 0.6 mg/dL, and she had normal electrolytes. 

Discussion 

TRIs were originally believed to be viral particles, but were later described as discrete 
microstructures that directly originate from endoplasmic reticulum or as condensed materi-
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al within its cisterns [1, 2]. They have been proposed to signify a response to cellular injury 
[3, 4]. Their formation was shown to occur in response to endogenous elevation of α- and β-
interferon and they are currently considered the footprint of interferons (IFNs) [2]. Moreo-
ver, the presence of TRIs in renal biopsies of patients with idiopathic membranous nephrop-
athy has been shown by Yang et al to indicate the existence of underlying autoimmune or 
viral etiology [5]. TRIs have been historically associated with SLE and HIV infection since the 
late 20th century. 

In the early 1980s, Rich et al. [6] demonstrated the association between secretion of IFN 
and the formation of TRIs, which were named “lupus inclusions” at the time. Subsequently, 
Kim et al. [7], in the late 1980s, reported increased levels of IFN-α in patients with SLE. Fur-
thermore, IFN-α has been shown to induce SLE through the activation of antigen-presenting 
cells and autoimmunity [8]. Moreover Nakahara et al. [9] described TRIs as an earlier sign of 
SLE that can even precede glomerulonephritis with “full-house” IF staining. None of our 3 
cases had positive serology for lupus, nor did they show clinical signs and or symptoms of 
SLE during the follow-up period. 

TRIs have been also associated with HIV infection since the late 1980s. Strauss et al. [10] 
reported the presence of TRIs in 10 out 10 patients with HIVAN, and Cohen et al. [11] con-
sidered the combination of renal lesions including FSGS and TRI specific for HIVAN diag-
nosis. Later, the presence of TRIs and the collapsing variant of FSGS was linked to HIV infec-
tion [12]. 

Although the pathogenesis of HIVAN remains unclear, there is recent evidence for direct 
infection of the renal epithelial cells as the underlying etiology [13]. Our 3 patients were 
investigated for HIV infection and found to be negative. 

Bromfield et al. [14] reported a case of FSGS and TRIs in a renal biopsy from a patient 
with cytomegalovirus (CMV) infection. They concluded that CMV might have triggered an 
exaggerated T-cell response that led to the development of podocyte injury as well as the 
TRIs. All of our cases were tested for CMV and found to be negative. 

INFs α and β have been shown to induce podocyte loss, proteinuria, and glomerular 
sclerosis [15]. Wallbach et al. [16] described the ability of INF to either suppress or augment 
immune response, and in their case report of a multiple sclerosis patient treated with INF, 
they concluded that proteinuria, nephrotic syndrome, and lupus nephritis should be regard-
ed as uncommon adverse effects of INF-β therapy. Similarly, Markowitz et al. [17] reported 
11 cases of collapsing FSGS after treatment with IFNs. Ten out of 11 had endothelial TRIs. 
The authors emphasized the importance of considering collapsing FSGS with TRIs as a well-
recognized consequence of INF therapy. 

The underlying etiology for the formation of TRIs in our patients remains unclear. Al-
though all 3 of our patients were negative for HIV and CMV, they did test positive for other 
common viruses (Table 1). Viral infections induce IFN production triggering signaling sys-
tems linked to toll-like receptors (TLRs) [18, 19]. Our 3 patients may have had elevated en-
dogenous IFN triggered by an exaggerated immune response to common viral infections. 
Serological studies to determine IFN levels and immunohistochemical (IHC) staining to de-
tect enhanced TLR expression in our patients may have been very informative. A finding of 
elevated IFN and positive TLR tissue staining would have added valuable evidence in sup-
port of our hypothesis that common viral infections as found in our patients can result in 
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formation of TRIs. Unfortunately, by the time these cases were examined for publication, it 
was too late to perform serological studies and TLR staining was not available to us. 

In conclusion, the presence of TRIs in renal biopsies of children without underlying au-
toimmune or viral etiologies remains obscure. We propose a possible role for excess IFN 
triggered by an abnormal immune response to common viral infections in the formation of 
TRIs and the renal injury. Performing serological testing for IFN levels and TLR IHC stains in 
patients similar to the ones we have described may be useful in future studies if performed 
immediately after discovery of TRIs within the renal biopsy. 
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Fig. 1. Renal biopsy findings for case 1. a Three glomeruli with focal and segmental sclerosis (arrows),  

not otherwise specified (periodic acid-Schiff; original magnification ×20). b Electron microscopy shows 

tubuloreticular inclusions (arrow) within glomerular endothelial cell cytoplasm (original magnification 

×8,000). 
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Fig. 2. Renal biopsy findings for case 2. Electron microscopy shows subepithelial electron-dense deposits 

(arrows; original magnification ×3,000) (a) and a tubuloreticular inclusion (arrow) within cytoplasm of an 

endothelial cell (original magnification ×12,000) (b). 
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Fig. 3. Renal biopsy findings for case 3. a Mononuclear leukocytes infiltrate tubules (arrows) along with 

intact and fibrotic interstitium (hematoxylin and eosin; original magnification, ×20). b Electron microscopy 

of glomeruli shows a tubuloreticular inclusion (arrow) within cytoplasm of an endothelial cell (original 

magnification ×12,000). 
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Table 1. Summary of serologic tests 

    
    
Test Case 1 (FSGS) Case 2 (membranous 

glomerulopathy) 

Case 3 (acute and 

chronic TIN) 

    
    
HIV Negative Negative Negative 

Hepatitis B Negative Negative Negative 

Hepatitis C Negative Negative Negative 

CMV Negative Negative Negative 

Parvovirus B19 Negative Negative Not available 

EBV Negative Negative Negative 

Rhinovirus/enterovirus Positive Positive (after biopsy) Positive (after biopsy) 

Coronavirus Negative Positive Negative (after biopsy) 

RSV Negative Positive Negative (after biopsy) 

Influenza Positive Negative Negative (after biopsy) 

ANA Negative Negative Negative 

C3 and C4 Low C3, normal C4 Normal C3 & C4 Normal C3 & C4 

    
    
TIN, tubulointerstitial nephritis; EBV, Epstein-bar virus; CMV, cytomegalovirus; RSV, respiratory syncytial 

virus; ANA, antinuclear antibodies; C3, complement 3; C4, complement 4. 
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