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Tubulointerstital Nephritis: A History of 
Its Conceptual Evolution

Garabed Eknoyan and Medha Airy

For most of their history the kidneys were considered parenchymatous secretory 
glandular organs subservient to the nutritional needs of the body in eliminating 
excess fluidities, a function they shared with other constitutional emunctory organs. 
As for their importance, “The kidneys are not present for necessity in animals ...” 
asserted Aristotle (384–322 BC) in the 4th century BC, an unfortunate notion that 
prevailed for the next 20 centuries. It was only in the nineteenth century that the 
importance of the kidney began to be appreciated when it was identified as a site of 
disease by Richard Bright (1789–1858) in 1827 and its functions in maintaining the 
‘milieu intérieur’ substantiated by Claude Bernard (1813–1878) in the 1850s. The 
studies that followed unraveled the misconceptions that had shrouded the kidney in 
ambiguity over the past and gradually elucidated its central role in maintaining not 
just water balance but that of total body homeostasis; finally justifying the conclud-
ing statement of Aristotle about the kidneys, “... but have the function of perfecting 
the animal itself.” It is within this evolving framework of accruing renal knowledge 
that tubulointerstitial nephritis emerged as a pathogenetic destructive process that 
accounts for the acute onset of some and the progression of most chronic diseases 
of the kidney.
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1  Foundations

Unfolding the structural features of the kidney in health and disease were as much 
a product of advances in the basic sciences and progress in experimental medicine 
as they were a result of technological improvements in tissue processing, the mag-
nifying power of available observational tools and ultimately the advent of kidney 
biopsy in the 1950s (Fig. 1). The foundation of studies of kidney disease derives 
from the initial 1827 report of Richard Bright who considered his eponymous dis-
ease to be due to inflammation, hence the term “nephritis”, and his classification of 
the diseased kidney based on its gross appearance into: (1) a large white kidney, (2) 
a red granular kidney and (3) a contracted scirrhous small kidney. Their respective 
microscopic features were then classified in 1858 by Rudolf Virchow (1821–1902) 
as: (1) a degenerative process of the tubules or “parenchymatous nephritis”, (2) an 
inflammatory process of the non-tubular renal tissue or “interstitial nephritis”, both 
of which could coexist in the same kidney and either could eventuate in (3) a small 
cirrhotic kidney. Glomerular lesions received increasing attention after 1869 when 
Edwin Klebs (1834–1913) described “glomerulo-nephritis”, while vascular lesions 
received increasing attention after William Gull (1816–1890) and Henry Sutton 
(1837–1891) reported in 1872 the “arterio-capillary fibrosis” of hypertension as a 
cause of the small contracted kidneys of Bright’s disease. Subsequent studies con-
firmed that the lesions of the small renal vessels were due to hypertension that 
occurred independent of kidney disease resulting in the term “nephrosclerosis”, 
introduced by John S. Billings (1838–1913) in 1890 (Fig. 1). To classify kidney 
disease whose pathology was not distinctly evident or was a combination of degen-
eration and inflammation the term “nephropathy” was introduced by Émile Achard 
(1860–1944) in 1895, and to differentiate the degenerative renal tubular changes 
from those of inflammatory nephritis, the term “nephrosis” was introduced by 
Friedrich Müller (1858–1941) in 1905.
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Fig. 1 Timeline of the conceptual evolution of tubulointerstitial nephritis. The name of the princi-
pal contributing authors are shown in capital, bold letters; and their contribution to the nosology 
and epistemology of tubulointerstitial nephritis in italics. For some of the recent conditions the 
given dates are estimates and the listed authors selected as the recognition and clarification of 
shown conditions span several years and their discovery involved more than one investigator
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Renal interstitial tissue, distinct from its vasculature, tubules and glomeruli was 
recognized but considered to be limited principally to the renal medulla. In his clas-
sic 1842 report on the glomerular capsule William Bowman (1816–1892) does refer 
to “a sort of matrix ... in which the convoluted tubules and vessels are embedded in” 
but its pathology went unexplored. Attention to the renal interstitial supporting tis-
sue as a distinct site of disease was highlighted in 1859 by a student of Virchow, 
Arnold Beer (1835–1880) who used the term “interstitielle Nierenaffection” or 
“interstitial kidney affection” to characterize the hyperplastic interstitial renal tissue 
changes he had observed in cases of infection, notably in scarlet fever.

1.1  Acute Interstitial Nephritis

Report of the first case of acute interstitial nephritis is credited to another trainee of 
Virchow, Michael Biermer (1827–1892) who in 1860 reported the case of a 5.5-year- 
old boy with scarlet fever who became anuric and died, whose kidneys at autopsy 
were grossly enlarged due to interstitial infiltration with lymphoid cells. Subsequent 
reports of similar cases led to a diagnosis of “acute lymphomatous nephritis” in the 
1880s. William Councilman (1854–1933), a pathologist at Harvard with an interest 
in infectious diseases, introduced the term “acute interstitial nephritis” (AIN) as a 
distinct entity in 1898 based on his review of 42 cases of “non-suppurative inflam-
matory interstitial lesions” predominantly in cases of diphtheria, scarlet fever, and 
measles. His classic description of the pathology summarizes the lesions of AIN as 
lucidly and succinctly as they have ever been as: “an acute inflammation of the kid-
ney characterized by cellular and fluid exudation in the interstitial tissue, accompa-
nied but not dependent on, degeneration of the epithelium; the exudation is not 
purulent in character, and the lesions may be both diffuse and focal.” He identified 
the infiltrating cells as mononuclear plasma cells that had migrated from the circula-
tion and multiplied locally. He localized the inflammatory foci to the boundary 
zones of the pyramids, the subcapsular region of the cortex, and around the 
glomeruli.

As might be expected, some of the cases reported as AIN then were likely those 
of acute tubular necrosis (ATN) due to septic shock. Difficulty in differentiating the 
clinical and morphological features of these two entities (AIN vs. ATN), now con-
sidered as pathological variants of tubulointerstitial nephritis, persists; hence the 
need of a kidney biopsy to establish the diagnosis of AIN. Clinically, this diagnostic 
conundrum is now circumvented by use of the inclusive term of ‘acute kidney 
injury’ (AKI). With eradication of infections and increased interest in ATN during 
and after World War II, coupled with the rather limited interest in AIN its further 
diagnostic consideration literally faded away by the 1940s. Ironically, the entity was 
resurrected in the late 1950s because of the dramatic increased occurrence of AIN 
due the very chemotherapeutic agents that had eradicated infections. Since then, 
drug-induced in general and antibiotic-induced, in particular, continue to be the 
leading cause of AIN.

Tubulointerstital Nephritis: A History of Its Conceptual Evolution
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The broader descriptive term “tubulointerstitial” entered the parlance of nephrol-
ogy in the early 1960s in French as “néphropathie tubulo-interstitielle” in describ-
ing an inherited form of chronic kidney disease (CKD) of children. It soon became 
evident that in AIN as well variable degrees of tubular injury were usually present, 
that the tubules had a major role in the pathogenesis of the interstitial lesions, and 
that tubular dysfunction preceded the fall in glomerular filtration rate and was usu-
ally clinically detectable well before the onset of azotemia and oliguria in AIN lead-
ing to the introduction and preferential use of the term of ‘acute tubulointerstitial 
nephritis’ (ATIN).

1.2  Chronic Tubulointerstitial Nephritis

Much of the early interest of CKD centered around the glomeruli, tubules and vas-
culature of the kidneys. Lesions of chronic tubulointerstitial nephritis (CTIN) were 
traditionally attributed to pyelonephritis. That this is not the actual case became 
evident after the availability of kidney biopsy. The two diseases to attract attention 
to CTIN as a primary cause of CKD, in which the glomeruli and vasculature are 
initially spared, were analgesic nephropathy in the 1950s and vesico-ureteral reflux 
(VUR) in the 1960s. Since then, a growing number of a motley group of diseases 
have been implicated as a cause of primary CTIN. Most recent on this expanding list 
are those of “aristolochic acid nephropathy”, now recognized as what had been 
reported as Balkan nephropathy and Chinese Herbal nephropathy; and what was 
initially considered Mesoamerican nephropathy but is now more appropriately 
referred to as CKD of Unknown etiology (CKDu).

What actually increased interest and contributed much more to the understand-
ing of tubulointerstitial lesions was the appreciation of their role in the progression 
of CKD of any etiology. Tubulointerstitial changes were noted early in cases of 
Bright’s disease, but interest in the glomeruli, vasculature and tubules detracted 
from their further consideration. It was the advent of kidney biopsy that revived 
interest in CTIN when interstitial injury and fibrosis were noted to be the best cor-
relates of the severity and progression to kidney failure in cases of glomerulonephri-
tis in 1968 and documented by morphometric studies correlating them to measured 
glomerular filtration rate in 1970.

Since then, the interstitium has been precisely delineated as “the intertubular, 
extraglomerular, extracellular space of the kidney bounded by tubular and vascular 
basement membrane” and its residual cellular and fibrillar components identified. 
Also, the interstitium has become the center of exponentially increasing studies that 
have determined its function in generating renin-angiotensin and erythropoietin in 
addition to elucidating its role in the pathogenesis of interstitial fibrosis as a princi-
pal determinant of progressive kidney failure. Advances in the understanding of the 
mechanisms of interstitial fibrosis in CKD notwithstanding, the functions of the 
normal renal interstitium in health remain to be elucidated.

G. Eknoyan and M. Airy
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Epidemiology of Tubulointerstitial 
Nephritis

Sophie de Seigneux and Lena Berchtold

1  Introduction

Interstitial nephritis (IN) is characterized by an inflammatory infiltrate in the kidney 
interstitium, usually leading to a decline in kidney function. Its diagnosis therefore 
requires performing a kidney biopsy. Acute interstitial nephritis (AIN) refers to the 
acute form of the disease with a rapid decline in kidney function, whereas chronic 
interstitial nephritis (CIN) has a more protracted course with more fibrosis detected 
by histology. The definite diagnosis of AIN or CIN is thus histological since no reli-
able non-invasive marker allows its confirmation or exclusion. Thus, the exact inci-
dence of AIN and CIN are difficult to establish given differences in prevalence and 
etiologies worldwide, and mostly given the differences in kidney biopsies policies. 
The frequency of this type of lesion is likely underestimated since it may either go 
unrecognized if moderate, or diagnosed without a biopsy, particularly in the case of 
drug-induced AIN.  Most epidemiological data available refers to AIN 
epidemiology.

2  Incidence of Interstitial Nephritis

Several series of biopsies have described the prevalence of IN worldwide. In Europe, 
the prevalence varies between 1% and 4.7% in different biopsy registries (Fig. 1). In 
The US, an incidence of 2.4–4% was reported. In Africa, the frequency of IN was 
reported from 1.4% up to 7.3% in Morocco. In different Asian series the prevalence 
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of IN among biopsies were from 0.6% in South Korea to 9.8% in Saudi Arabia, with 
8% in Pakistan (5% AIN, 3% CIN). In Brazil, a large registry of kidney biopsies 
reported 2% of IN.

IN prevalence appears to increase with time, and in a Spanish registry, this preva-
lence increased form 3.6% in the first 4 years of the registry (1994–1998) to 10.5% 
in the last 4 years (2005–2009), with an increased incidence that was mostly notice-
able in elderly patients (from 1.6% to 12.3%). This may reflect raise in disease 
prevalence depending on expositions to specific agents or predispositions, but also 
percentage augmentation of kidney biopsies, with for example more biopsies per-
formed in older patients over the recent years.

Specific populations display higher incidence of IN. Among 290 biopsies per-
formed in HIV positive patients in Baltimore, 11% revealed IN, which was also 
confirmed in a French series with approximately 13% of IN among kidney biopsies 
of HIV patients. Thus, IN prevalence worldwide in kidney biopsies oscillates 
between 1% and 5% in the general population and in up to 11% in specific 
populations.

When focusing on biopsies performed for the investigation of AKI, the incidence 
of IN, here AIN, is notably higher. In a Spanish registry, prevalence of AIN among 
biopsies performed in the investigation for AKI was 12.9%. This was also con-
firmed in two registries of biopsies performed for AKI in older adults, where AIN 
was diagnosed in 15.5% and 18.6% of the cases and in a European registry of biop-
sies. In patients with impaired kidney function and kidneys of normal size, IN was 
reported in 27% of the cases. Thus, AIN remains an important etiology of AKI.

Granulomatous interstitial nephritis is a rarer subtype of IN that is observed in 
0.5–0.9% of native kidney biopsies.

Chronic interstitial nephritis (CIN) incidence is less documented than AIN and 
is probably less frequent and often unrecognized. Most etiologies are similar 
between AIN and CIN, with toxic and genetic causes being more specific for 

USA 2.4-4.0 %

Brazil 2 %

Senegal 2%

Morocco 7.3%

Cape Town 3.2%

South Africa 1.4%

Saudi Arabia 9.8%

Iran 2.0%

India 1.1-2.5%

Pakistan 8%

South Corea 0.6%

China 1.1-1.5%

Japan
20-64years old: 1.2%
>65 years old: 2.5%
>80 years old: 3.3%

-

-

Spain 2.7%

UK 1.1-4.7%

Italy 1-4.2%

Czech 4.4%

Romania 1.5%

Fig. 1 Prevalence of Interstitial Nephritis worldwide (as % of biopsies in registries)
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CIN.  Among genetic causes, Autosomal Dominant tubulointerstitial Kidney 
Disease (ADTKD) is a disease characterized by progressive tubulointerstitial fibro-
sis and progression to end stage kidney disease (ESKD). ADTKD involves muta-
tions of genes encoding uromodulin (UMOD), hepatocyte nuclear factor-1β 
(HNF1B), renin (REN), and mucin-1 (MUC1) (Table 1). The exact prevalence of 
these mutations is unknown and is likely underestimated. UMOD mutations were 
recently described as a relatively frequent kidney genetic disease with an estimated 
prevalence of 9/million. Cystinuria may also lead to interstitial kidney disease with 
an estimated prevalence of 1 per 10,000 in the US. CKD of unknown origin (CKDu) 
is another type of CIN with prevalence that are highly variable, as discussed later. 
Altogether CIN epidemiology is not well established and would deserve more 
studies.

3  Etiology of AIN

The causes of AIN vary according to patient’s age, time period, and geography. In 
133 North American biopsy proven AIN cases collected between 1993 and 2011, 
71% were drug-induced, whereas immunological and infectious causes explained 
20% and 4% of the cases respectively (Table 2). In three collected European series 
with 128 AIN patients from 1968 to 2001, 71.1% were drug-related, 15.6% were 
infectious, 7.8% were idiopathic, and only 5% were immunologically mediated. 
Thus, the frequency of infection mediated AIN likely decreases over time in Europe 
and the US, whereas the frequency of drug-induced AIN increases reaching almost 
90% in more recent reports.

HIV positive patients are at higher risk of IN. In this population, drug-induced 
cases were also most common in the US (around 70%), whereas this proportion was 
lower (26.7%) in a French series of HIV positive patients, where infectious (16.7%) 
and idiopathic cases (15.7%) were more prevalent. In HIV positive patients co- 
infected with tuberculosis, drugs were incriminated in 70% of the cases, whereas 
infections in 14.8%.

Table 1 Genetic causes of autosomal dominant tubulointerstitial kidney disease (ADTKD)

Name Causal gene Chromosome Clinical manifestation

ADTKD- 
UMOD

UMOD
Uromodulin

16p12.3 Early gout, occasional renal cysts

ADTKD- 
MUC1

MUC1
Mucin-1

1q22 Occasional renal cysts

ADTKD-REN REN
Renin

1q32.1 Mild hypertension, increased risk for 
AKI, anemia

ADTKD- 
HNF1β

HNF1β
Hepatocyte nuclear 
factor 1- β

17q12 MODY, few bilateral renal cysts,

ADTKD-NOS Not otherwise specified

Epidemiology of Tubulointerstitial Nephritis
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Age may be an independent determinant of the etiology of AIN. Drug-induced 
AIN was responsible for 64% of cases in patients younger than 64 years versus 88% 
in older patients in the US, whereas auto-immune diseases were responsible for 
27% in younger and 7% in older patients, and infectious nephritis were rare with 
4.5% versus 2% in younger versus older patients, respectively. Thus, drugs are 
much more frequent causes of AIN in older patients, likely related to the higher 
frequency of polypharmacy in this age group.

Among auto-immune cases, sarcoidosis is usually more frequent than Sjögren 
syndrome, followed by TINU and IgG4 related disease, and more rarely ANCA 
vasculitis. Among infectious cases, bacteria are rarely causative nowadays given the 
wide antibiotic availability, whereas virus and infections such as toxoplasma, myco-
plasma and tuberculosis are more frequent causes of AIN particularly in immuno-
compromised patients.

Granulomatous IN is a specific and rare type of IN. Drug-induced granulomatous 
IN are still most often reported, followed by sarcoidosis in western countries. In a 
series of granulomatous nephritis in HIV patients in Cape Town, tuberculosis 
explained 60% of the cases, followed by drugs (20%), which was confirmed in India.

Altogether drug-induced AIN is the most common type of AIN worldwide, fol-
lowed by immunologic causes and infections. Depending on the population studied, 
the proportion of infectious cases may display more variability.

Table 2 Acute interstitial nephritis etiology

Medication 71–90%
   Antibiotics: Beta Lactams, quinolones, rifampicin, sulfonamides, vancomycin, tetracycline, 

isoniazid
   NSAIDS
   Proton pump inhibitors
   Others: Allopurinol, acyclovir, furosemide, thiazides, phenytoin, carbamazepine
Immunological 5–20%
   Sarcoidosis
   Sjögren
   TINU
   IgG4
   ANCA vasculitis
   Systemic lupus erythematosus
Infectious 4–17%
   Virus: Cytomegalovirus, Epstein-Barr, hantavirus, human immunodeficiency virus, 

polyomavirus
   Bacteria: Brucella, campylobacter, Escherichia coli, Legionella, Salmonella, Streptococcus, 

Staphylococcus, Yersinia, Leptospira, Syphilis, Yersinia, Diphtheria
   Other: Tuberculosis, Toxoplasmosis, Mycoplasma

S. de Seigneux and L. Berchtold
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4  Drug Induced AIN

Drug induced AIN is by far the most frequent etiology of the disease in most series. 
The first cases of drug induced AIN were described in 1968 followed by several 
reports and case series. Among incriminated drugs, antibiotics (mainly penicillin) 
and NSAIDs are associated to the highest risk. More recently proton pump inhibi-
tors (PPIs) were incriminated, with the first case reported in 1992. Since then, the 
role of PPI in AIN has been increasingly recognized. In the US case series of 133 
biopsy proven AIN, antibiotics were responsible for 49% of drug-induced cases, 
whereas proton pumps inhibitors (PPIs) and NSAIDS were involved in 14% and 
11% respectively. Among antibiotics, penicillin was most often incriminated, fol-
lowed by quinolones and cephalosporins. The causative drugs also vary according 
to specific populations. In older patients, antibiotics and proton pump inhibitors 
were more frequently identified than NSAIDs. This may reflect an increased expo-
sure of older patients to PPIs and antibiotics, or a higher susceptibility of this popu-
lation to these molecules. In HIV positive patients, NSAIDS and trimethoprim/
sulfamethoxazole were the most frequent offending agents in a US series, whereas 
Indinavir was more often reported in France and Rifampicin in patients from Cape- 
Town with tuberculosis co-infection.

In more recent series, the emergence of IN related to checkpoints inhibitors is 
increasing in oncological patients, and PPI seem to play an important predisposing 
factor. These drugs are peculiar since they probably enhance the risk of AIN related 
to other causes and drugs. The prevalence of the complication is likely underesti-
mated because of variable biopsy policies.

Thus, AIN causative drugs are usually found among antibiotics, PPIs and 
NSAIDs, with varying prevalence depending mostly on exposure.

5  Endemic Nephritis

When considering IN epidemiology, endemic nephritis deserves a specific mention. 
Also named Chronic kidney disease of unknown origin (CKDu) or chronic intersti-
tial nephritis in agricultural communities (CINAC), these epidemic nephritides can 
occur worldwide and are usually related to a toxic or environmental factors, identi-
fied or not (Table 3). CKDu is a diagnosis of exclusion in patients with CKD accord-
ing to KDIGO criteria, without evidence of a recognized cause such as diabetes, 
hypertension or glomerulonephritis and is usually related to interstitial disease. 
These diseases appear responsible for an important increase in CKD incidence over 
the past 20 years in low to middle income countries and are restricted to specific 
geographical areas. For example, “Itai-Itai disease” was attributed to cadmium 
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intoxication and “Chinese herb nephropathy”, and “Balkan nephropathy” were 
attributed to aristocholic acid. More recently, the Meso-American nephritis and 
CKDu were described extensively in some parts of El Salvador, Nicaragua, Sri- 
Lanka, and India. CKDu prevalence is largely unknown. In El Savador between 
1990 and 2009, CKD prevalence increased to 18% of the population, with a 7-fold 
increase in CKD related mortality. Similarly, a 3-fold increase in mortality was 
described in Nicaragua. In North Central Sri Lanka, in the same period of time, a 
prevalence of 13% in females and 17% in males of CKDu was reported. A similar 
high prevalence of CKDu was described in India in 2010, explaining up to 40% of 
reported CKD cases depending on regions. In Egyptian dialysis centers, up to 27% 
percent of ESRD are attributed to CKDu. The pathophysiology of these endemic 
nephritis is not completely resolved but heavy metals, pesticides, heat-induced 
dehydration, and some infections have been linked to these cases, characterized by 
a high prevalence restricted to some geographic areas.

6  Conclusion

Overall, AIN is a frequent cause of AKI, with an incidence increasing with time. 
Although immunological diseases and infections are important causes of the dis-
ease, most cases are nowadays driven by drugs or toxic exposure. This explains 

Table 3 Endemic nephritis

Name Endemic areas
Etiology 
confirmed Risk factors

Itai-Itai disease Japan Cadmium Water – Crops- Mining pollution
Balkan endemic 
nephropathy 
(BEN)
Or
Chinese herb 
nephropathy

Serbia Bulgaria 
Croatia Romania 
Bosnia

Aristocholic 
acid

Wheat

Meso-american 
nephropathy 
(MEN)

Nicaragua
El Salvador
Costa Rica

Unexplained Sugarcane, heat stress, agrochemical 
exposure, heavy metals exposure, 
genetic predisposition, alcohol “LIJA” 
consumption

Sri Lanka CKDu Sri Lanka Unexplained Agricultural works, heat stress, 
agrochemical exposure, heavy metals 
exposure, genetic predisposition, 
alcohol/betel/tobacco

India CKDu
(Uddanam 
Nephropathy)

India Unexplained Agricultural workers
Heat stress
Agrochemical exposure
Heavy metals
Genetic predisposition
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variations with time and with the studied population. The epidemiology of CIN is 
less well described and would certainly deserve more studies.
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Pathogenesis of Acute Tubulointerstitial 
Nephritis

Abraham W. Aron, Namrata Krishnan, and Anushree C. Shirali

1  Introduction

General immunology concepts will be reviewed in order to provide an understand-
ing of the inflammatory mechanisms underlying the specific etiologies of acute 
tubulointerstitial nephritis (ATIN). Subsequently, the mechanisms underlying spe-
cific etiologies will be discussed in greater depth.

The immune system has classically been defined as having two subsystems 
 of innate and adaptive immunity. The innate immune system governs an antigen- 
independent response generated by dendritic cells (DCs) and other antigen- 
presenting cells (APC) recognizing non-self- ligands. After processing  antigen, APC 
are capable of activating T cells and B cells in an antigen-specific, major histocom-
patibility (MHC) restricted manner. In particular, DCs reside in all tissue types and 
are involved in immune surveillance and tolerance. DCs probe their environment 
via stellate projections and take up antigen-containing extracellular fluid via phago-
cytosis, pinocytosis, and receptor mediated endocytosis. Processed antigens are 
expressed on the DC surface via MHC II after which DCs migrate to lymph nodes 
and interact with naive CD4+ T cells.

Kidney DCs are restricted to the tubulointerstitial compartment where they form 
a contiguous surveillance network and closely associate with renal tubular epithelial 
cells (RTEC). DCs express the pattern recognition receptor (PRR), toll-like receptor 
(TLR), which recognize pathogen associated molecular patterns (PAMPs) and dam-
age associated molecular patterns (DAMPs) allowing for rapid initiation of an 
immune response. As the name suggests, PAMPs are associated with specific mol-
ecules expressed on various pathogens whereas DAMPs are intracellular molecules 
released by damaged cells.
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TLR activation initiates an intracellular signaling cascade via MyD88, which 
activates the transcription factor NF-κB leading to the expression of pro- 
inflammatory cytokines including TNF-α and IL-6. In addition, PAMPs and DAMPs 
acting as TLR ligands can lead to the activation of inflammasomes. Inflammasomes 
are an assembly of scaffolding proteins that allow the activation to caspase-1 and 
signaling via IL-β and IL-18, leading to pyroptosis (inflammatory cell death). 
Importantly, IL-1β increases nuclear translocation of NF-κB and increases the che-
moattractant, MCP-1.

In an inflammatory milieu, renal tubular epithelial cells (RTECs) can also pres-
ent antigens via MHC II, allowing identification by infiltrating CD4+ T cells. 
Interferon-γ (INF-γ), which is released by activated T cells, can increase expression 
of MHC II on RTECs. Additionally, RTECs can produce inflammatory cytokines 
such as IL-1, TNF-α and IL-6 in addition to cell adhesion molecules and chemoat-
tractants including MCP-1, further promoting immune cell infiltration and 
inflammation.

With prolonged inflammation, the tubulointerstitial compartment can undergo 
fibrosis via epithelial to mesenchymal transformation (EMT), characterized by the 
transformation of epithelial cells into fibroblasts (Fig. 1). EMT is involved in organ-
ogenesis, tumor development, and fibrosis. EMT is regulated by TGF-β which, 
through signaling via Smad, MAPK and PI3k/Akt, leads to the translation of profi-
brotic and apoptotic genes. A hallmark of EMT is the reduced expression of cell 
adhesion molecules (E-cadherin) by epithelial cells and an increased expression of 
mesenchymal markers (α-SMA, vimentin and fibronectin). This is followed by actin 

Proinflammatory
milieu

E-Cadherin

Expression of
profibrotic

genes

Smad

MAPX

PI3k/
Akt

Loss of E-Cadherin

Receptor

Recorganization of
actin cytoskeleton

TGF-b

TGF-b

Disruption of basement membrane

Fig. 1 Simplified schematic of epithelial to mesenchymal transformation (EMT). Pro- 
inflammatory milieu leads to expression of multiple pro-inflammatory cytokines including TGF- 
Upon binding to the TGF- Receptor various signaling pathways including Smad, MAPK and 
PI3K/Akt are activated which leads to the loss of epithelial markers such as E-Cadherin and loss 
of cell-cell adhesion. In addition, there is expression of profibrotic genes and mesenchymal mark-
ers leading to a morphological transformation and eventual fibrosis
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reorganization, disruption of the tubular basement membrane, increased cell migra-
tion, and invasion to the surrounding tissue. TLR signaling, TNF-α, INF-γ, IL-6 and 
IL-1β can all stimulate TGF-β transcription and TGF-β receptor expression on 
RTEC and stabilize the profibrotic transcription factor Snail via NF-κB.

Cell lineage studies demonstrate that 36% of renal fibroblasts are derived from 
proximal tubule cells. This reduction in epithelial phenotype and increased fibro-
blast phenotype has also been observed in human kidney biopsy specimens. 
Antigen-sensitized T lymphocytes can induce fibroblast proliferation and collagen 
formation. Interstitial matrix can be laid down with fibrosis evident in as little as 3 
weeks after the onset of inflammation.

2  Immune ATIN

With its large blood supply and concentrating ability, the kidney is exposed to cir-
culating self and non-self antigens. Filtered proteins are taken up by the megalin/
cubulin complex in the proximal tubule, broken down into peptides and released 
into the circulation.

Antigens are processed by DC and expressed on their cell surface via MHC II 
allowing them to interact with CD4+ T cells in  local lymph nodes (Fig. 2). In a 
process known as peripheral tolerance, no immune response is elicited without the 
proper inflammatory costimulatory mileu, which prevents the activation of T cells 
when APC presents native or innocuous proteins and their fragments. The immune 
system has regulatory “checkpoints” including inhibitory receptors on T cells 
including programmed death protein-1 (PD-1) and CTLA-4 to prevent activation by 
autoantigens.

Effector T cells become tolerized via several pathways including binding of 
PD-1 to its cognate ligand PD-L1 on DC. Regulatory T cells (Treg) are essential in 
this process as they inhibit the maturation of renal DC and expression of proinflam-
matory cytokines in a CTLA-4 dependent fashion. Experiments in mouse models of 
AKI demonstrate that Treg depletion leads to a significant increase in inflammatory 
response after ischemia reperfusion injury. Drugs can interfere with this process of 
antigen presentation, recognition, and tolerance, which can lead to immune cell 
infiltration of the renal parenchyma.

When immature DC sense danger signals via PRR or process non-self antigens, 
they are activated and undergo maturation, resulting in the secretion of pro- 
inflammatory cytokines including TNF- α, interferons and IL-6. DC co-stimulatory 
molecule expression is enhanced which allows for CD4+ T cell activation once they 
are in close proximity to local lymph nodes. CCR7 expression is also increased in T 
cell rich areas of local lymph nodes which allows for DC migration. Activated 
CD4+ T cells then leave their lymph node, enter the circulation, and search out their 
antigen.

The hallmark lesions of ATIN on kidney biopsy are tubulitis and interstitial 
inflammation with edema. The infiltrate is composed of mostly mononuclear cells 
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with CD4+ T cells comprising the majority cell type. Monocytes, B cells, eosino-
phils, and plasma cells can also be found in smaller numbers. The number of these 
infiltrating immune cells in kidney biopsy specimens correlates inversely to kidney 
function.

3  Allergic ATIN

Allergic ATIN is commonly referred to as allergic interstitial nephritis (AIN) and is 
caused by a hypersensitivity reaction to an exogenous substance, such as a medica-
tion or infection. This substance can be recognized as an antigen via molecular 
mimicry to a kidney antigen or be modified after its metabolism to elicit an immune 
response.

Normal

P-I

Hapten

MHC

Antigen

TcR

TcR

Neoantigen

Hapten

Native
Protein

TcR

T
Cell

T
Cell

T
Cell

DC
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a b

c

Fig. 2 Simple schematic of T Cell activation in drug induced ATIN. (a) Normal response. DC 
processes foreign antigen and expresses it to T cells via MHC II, binding to the TcR and eliciting 
a response. (b) Hapten response. Drug or foreign substance acts as a neoantigen, binding to a 
native protein creating a hapten which can bind to and activate the TcR. (c) P-I concept. Drug or 
foreign substance can bind directly to and activate the TcR without any need for modification. 
Please note, this is a simplified diagram, co-stimulatory molecules have been purposely omitted for 
simplicity. Abbreviations: DC= dendritic cell. TcR= T cell receptor MHC = Major histocompati-
bility complex
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Drug-induced allergic ATIN is a Type B idiosyncratic immune reaction, described 
as a delayed type IV hypersensitivity reaction with typical onset around 7–10 days 
after exposure. For a drug to be recognized by the immune system as an allergen, it 
usually must first undergo modification.

Covalent binding of a neoantigen to protein causes a conformational change 
leading to its immune recognition (Fig.  2). This neoantigen-protein complex is 
known as a hapten. Haptens can elicit an antibody-mediated reaction through direct 
recognition or molecular mimicry via structural similarity to a native antigen. 
β-lactam antibiotics form haptens by binding lysine residues on albumin where 
molecular mimicry against a renal tubular basement membrane antigen is induced 
by methicillin.

Allergens can act as pro-haptens that are processed in the liver to haptens via 
the insertion or demasking of functional groups (Phase I reaction) or conjugation 
with small molecules such as glucuronic acid, glutathione, acetate or sulfate 
(Phase II reaction). The drug sulfamethoxazole is metabolized to nitroso-sulfa-
methoxazole, which acts as a hapten after binding to cysteine residues on host 
proteins. Genetic polymorphisms of phase II reaction enzymes may determine 
adverse drug reactions in certain populations. In a cohort of patients with sulfon-
amide induced Stevens- Johnson syndrome, 90% were found to have a slow acety-
lation phenotype.

An allergen may also directly stimulate T cells by binding to and activating the 
T cell receptor (TcR) or MHC directly, bypassing traditional processing in what is 
known as the p-i concept (Fig. 2). This is seen in carbamazepime hypersensitivity.

T cells that react against a specific drug can be identified in-vitro via a lympho-
cyte transformation test (LTT) where patient T cells are exposed to disks impreg-
nated with candidate drugs and inflammatory cytokines are measured. Drug specific 
T cells are found circulating in patients with ATIN. Based on T cell receptor pheno-
type, subpopulations of circulating drug reactive T cells were found in kidney 
biopsy T cell infiltrates suggesting that the culprit drug or its associated hapten is 
present within the kidney.

NSAIDs, in addition to acting as haptens may cause ATIN via other immune 
mechanisms. NSAIDs inhibit cyclooxygenase and subsequently shift the conver-
sion of arachidonic acid from prostaglandins to the chemoattractant leukotrienes 
possibly explaining the T cell predominant infiltrate often seen on biopsy.

ATIN has been well described in patients receiving immune check point inhibi-
tors (ICI). which inhibit CTLA-4, PD-1, or PD-L1 and allow activation of anti- 
tumor T cell immunity. As mentioned previously, both CTLA-4 and PDL-1 are 
integral in maintaining tolerance to innocuous antigens within the kidney. 
Interestingly, ATIN from ICI can have a significant delay from initial exposure 
(21–245 days) and can occur up to 63 days from drug discontinuation. This is sig-
nificantly different from the typical course of traditional drug induced ATIN and 
suggests that ICIs uniquely exert their adverse effect through loss of tolerance to 
antigens processed by the kidney.
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4  Toxic ATIN

Most of the world uses botanicals as medicinals and some have been linked to nephro-
toxicity. Environmental pollutants such as heavy metals can contaminate the surround-
ing soil or directly expose workers who are in contact with these substances (Table 1).

4.1 Aristolochic Acid

4.1.1 Cellular Toxicity and Inflammation and Fibrosis

Aristolochic acid (AA) is the cause of both Chinese herbal nephropathy and Balkan 
endemic nephropathy; characterized by severe tubulointerstitial disease. The former 
may develop acutely with large ingestions of AA leading to rapid development of 
CKD while the latter has a more indolent course due to longer duration of low level 
exposure. AA nephropathy pathogenesis can be divided into 3 main phases: cellular 
toxicity, inflammation, and fibrosis.

4.2  Cellular Toxicity

AA are compounds found in plants from the genus Aristolochia which contain more 
than 500 species and have long been used for medicinal purposes. Several hepatic 
enzymes are involved in AAs metabolism including NADPH, NQO1, and CYP 

Table 1 Pathogenesis, histology and systemic involvement of toxic interstitial nephropathies

Disorder Pathogenesis
Renal histological 
characteristics

Other organ 
involvement

Chinese Herbal 
Nephropathy/
Balkan Endemic 
Nephropathy

Acute or chronic poisoning 
by aristolochic acid leading 
to oxidative stress, 
inflammation and fibrosis.

Chronic interstitial 
nephritis. Interstitial 
fibrosis. Variable cellular 
infiltration.

Urothelial 
carcinoma

Cadmium and 
Lead 
Nephropathy

Depletion of intracellular 
antioxidants (i.e. 
metallothionein) leading to 
oxidative stress. Disruption 
of cell adhesion molecules 
and calcium homeostasis.

Proximal tubular injury. 
Intranuclear inclusion 
bodies. Nonspecific 
interstitial nephritis

Abdominal pain. 
Arthralgia/myalgia. 
Anemia. Gout 
(Lead). 
Osteomalacia/
osteoporosis 
(Cadmium)

Lithium 
Nephropathy

Inhibition of the enzyme 
GSK3 involved in epithelial 
cell function and cell cycle 
progression. Also disrupts 
microtubules involved in 
AQ2 trafficking leading to 
cyst formation

Distal tubule/collecting 
duct microcysts. 
Interstitial fibrosis/
tubular atrophy. 
Glomerulosclerosis

Nephrogenic 
diabetes insipidus. 
Tremor/ataxia/
confusion.

Abbreviations: AQ2 aquaporin, GSK3 glycogen synthase kinase 3
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P450. AA undergo aerobic and anaerobic metabolism and are reduced to aristolac-
tam I (AAI) and aristolactam II (AAII) respectively. AAI and AAII are then trans-
ported out of the liver and reabsorbed by the kidney via organic anion transporters 
(OATs) in the proximal tubule.

AA metabolites cause oxidative stress by depletion of the intracellular antioxi-
dant glutathione,. In cell culture studies, AA induces endoplasmic reticulum stress, 
mitochondrial dysfunction, and apoptosis. Pretreatment with antioxidants N-acetyl- 
cysteine and glutathione inhibit AA induced apoptosis suggesting an important role 
of reactive oxygen species (ROS) in the pathogenesis of AA nephropathy.

4.3  Inflammation and Fibrosis

With 3 days of AA administration, rats demonstrate proximal tubulopathy and tubu-
litis with monocytic and macrophage infiltration as well as increased expression of 
inflammatory cytokines and activation of the inflammasome. This is in contrast to 
the acellular infiltration typically seen in human biopsy specimens, though this may 
be reflective of delayed presentation in the disease course.

Both mouse and cell culture models have demonstrated increased expression of the 
profibrotic cytokine, TGF-β after exposure to AA resulting in profibrotic gene expres-
sion (α-SMA and vimentin) which also suggests the presence of EMT (5, 129, 150, 154).

4.4  Heavy Metals

People are exposed to heavy metals as environmental pollutants and occupational 
hazards. While many heavy metals can cause kidney injury; the divalent metals, 
cadmium (Cd) and lead (Pb) are the most well-described causes of tubulointerstitial 
disease.

4.5  Transport and Uptake

Cd is absorbed in the small intestine via the divalent metal transporter (DMT-1), which 
displays high affinity for other divalent. Once absorbed, Cd binds primarily to albumin 
and is transported to the liver where it increases the transcription of metallothionein 
(MT), a cysteine-rich protein that protects against heavy metal toxicity by intracellular 
sequestration. In normal hepatocyte turn over or injury, Cd-MT complexes are released 
into the circulation, freely filtered at the glomerulus and subsequently reabsorbed by the 
megalin/cubulin complex in the proximal tubule (PT). MT knockout mice still demon-
strate Cd uptake into the PT suggesting that Cd also circulates in a MT-independent 
manner. These forms of circulating Cd are also filtered and reabsorbed along the neph-
ron likely via ZnT1 (Zinc transporter 1), DMT-1 and ATP-binding cassette (ABC) type 
transporter family suggesting that zinc may be able to outcompete Cd uptake.
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Pb is also absorbed by DMT-1 in the intestine where it is quickly transported by 
erythrocytes bound to δ-aminolevulinic acid dehydratase (ALAD); higher concen-
trations of Pb can induce the expression of Pb binding protein. The exact mecha-
nism of PT uptake of Pb has yet to be elucidated but may involve receptor-mediated 
endocytosis or utilization of calcium channels. Pb inclusion bodies in PT are often 
seen on biopsy, potentially representing Pb-protein complexes with proteins such as 
α-microglobulin, diazepine-binding inhibitor and thymosin β-4.

4.6  Toxicity

Heavy metals can cause cellular injury through oxidative stress, mitochondrial dam-
age, and alterations in intracellular calcium homeostasis leading to inflammation 
and fibrosis.

Cd can cause proximal tubulopathy via disruption of cadherin cell adhesion mol-
ecules by binding to the extracellular calcium binding domain and interfering with 
intracellular signaling of β-catenin, influencing control of the cell cycle and apopto-
sis. This leads to the loss of epithelial cell polarity and basolateral specificity of the 
Na/K ATPase. Cd and Pb binding to intracellular thiol containing substances deplete 
antioxidants MT and glutathione and generate ROS leading to oxidative stress and 
apoptosis which can be attenuated by the administration of N-acetyl-cysteine in-vitro.

Intracellular Cd and Pb accumulation leads to mitochondrial damage via altera-
tions in intracellular calcium homeostasis, likely through interactions with the 
CaSR and calmodulin. Intracellular Cd and Pb can also modulate the activity of 
MAP Kinases involved in regulation of apoptosis.

Furthermore, exposure to Pb and Cd can increase expression of pro- inflammatory 
and fibrotic cytokines including NF-κB and TGF-β; mice exposed to Cd demon-
strate an increase transcription in genes involved in EMT.

4.7  Lithium

Lithium (Li) is effective treatment for bipolar disorder though chronic use is associ-
ated with nephrogenic diabetes insipidus and chronic tubulointerstitial disease. 
Additionally, microcysts originating from distal tubules and collecting ducts 
are common.

Li is freely filtered at the glomerulus, >80% is reabsorbed at the PT by the sodium 
hydrogen antiporter, NHE3 and the remainder is taken up by epithelial sodium chan-
nel (ENaC) in the distal nephron. ENaC has a higher affinity for Li than sodium, 
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allowing Li to accumulate to toxic levels in the RTEC. The basolateral Na/K ATPase 
has low affinity for Li which further hinders its exit from the cell.

Li inhibits the enzyme GSK3, which is involved in regulation of epithelial func-
tion, cell survival, and cell cycle progression. GSK3 interacts with the microtubules 
involved in ciliary function and interferes with aquaporin 2 water channel traffick-
ing which is suggested to be the mechanism of Li-induced microcyst formation. In 
addition, Li can affect cell signaling pathways involved in fibrosis and EMT.

5  Metabolic ATIN

Many metabolic end products are filtered and excreted by the kidney though these 
substances are not always innocuous. Under normal conditions, they are primarily 
located intracellularly and their release into the extracellular space can be recog-
nized as a danger signal in the proper inflammatory milieu, leading to activation of 
the immune system (Table 2).

Table 2 Pathogenesis, histology and systemic involvement in metabolic interstitial nephropathies

Disorder Pathogenesis
Renal histological 
characteristics

Other organ 
involvement

Urate 
Nephropathy

Oxidative stress causing 
endothelial dysfunction 
leading to vasoconstriction, 
glomerular hypertension and 
increased renin/
AII. Activation of TLRs. 
Possible direct DC stimulation 
and TcR activation.

Interstitial fibrosis. Focal 
interstitial inflammation 
with giant cells

Gout. Nephrolithiasis.

Oxalate 
Nephropathy

Deposition as calcium oxalate. 
Activation of inflammasome.

Oxalate crystal 
deposition 
(+birefringence with 
polarized light) with 
giant cell reaction. 
Non-specific tubular 
atrophy and interstitial 
fibrosis.

Systemic deposition 
of calcium oxalate if 
primary oxalosis is 
underlying etiology. 
Nephrolithiasis.

Kaliopenic 
Nephropathy

Increased renin/AII leading to 
increased fibrosis. Increased 
ammoniagenesis may lead to 
direct activation of alternative 
complement pathway via 
direct activation of C3 by 
ammonia.

Vacuolization of 
proximal and distal 
tubules. Lymphocytic 
infiltrate. Interstitial 
fibrosis. Kidney cysts.

Dependent upon 
cause of hypokalemia 
(malnutrition, 
spurious diuretic use).

Abbreviations: AII angiotensin II, DC dendritic cell, TcR T cell receptor, TLR toll-like receptor
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5.1  Uric Acid

Uric acid (UA), a product of purine metabolism, has long been implicated as a cause 
of crystal nephropathy and CKD. An autopsy study in the 1960s demonstrated 50% 
of patients with gout had evidence of glomerular, vascular or tubulointerstitial 
lesions in their kidneys. However, asymptomatic, severe hyperuricemia in healthy 
subjects is associated with development of hypertension and CKD, suggesting a 
mechanism of injury outside of UA crystal deposition. The majority of UA is fil-
tered by the glomerulus where it is reabsorbed in the proximal tubule via the urate 
anion transporter 1 (URAT1).

UA causes kidney injury via two main mechanisms: a. hemodynamic/endothe-
lial injury and b. activation of the innate and adaptive immunity. In animal models, 
hyperuricemia has been shown to increase renal cortical vasoconstriction, glomeru-
lar hypertension, afferent arteriolar thickening and increase renin and angiotensin II 
levels. This occurs via activation of NADPH oxidase leading to the generation of 
ROS and reduction in nitric oxide production causing endothelial dysfunction 
through mitochondrial damage. Interestingly, this is in direct opposition to UA’s 
role in the serum where it functions as an antioxidant.

Most UA is intracellular, though it can be released into the extracellular space by 
damaged cells where it acts as a DAMP and TLR ligand and subsequently activates 
the inflammasome. Activation leads to further expression of inflammatory cyto-
kines. In addition, the generation of ROS leads to increased apoptosis via MAPK 
signaling in PT cells. Blockade of TLR2, TLR4 and their adaptor protein MyD88 
can blunt the expression of these proinflammatory cytokines and reduce macro-
phage infiltration whereas blockade of NADPH oxidase, administration of the anti-
oxidant NAC and inhibition of UA uptake via probenecid and losartan, can reduce 
ROS, proinflammatory cytokine production and apoptosis.

This proinflammatory environment induced by UA leads to the expression the 
chemoattractant MCP-1 and subsequent T cells and macrophages infiltration of the 
kidney. Furthermore, UA can directly stimulate DC maturation and TcR activation 
suggesting independent activation of the adaptive immune system.

Through increased expression of NF-κB and transcription factors Snail/Slug, UA 
has been able to induce EMT and fibrosis. Interestingly, manipulation of histone 
methylation has been shown to augment inflammation and fibrosis in response to UA 
suggesting a potential role for epigenic modifications in chronic hyperuricemia.

5.2  Oxalate

Hyperoxaluria can be primary (due to genetic mutations affecting enzymes involved 
in oxalate and glyoxylate metabolism) or secondary (due to increased oxalate con-
sumption or intestinal absorption). Oxalate can complex with calcium leading to 
systemic deposition, inflammation, and fibrosis in organs including the kidney (oxa-
late nephropathy).
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Circulating oxalate is excreted by the PT via the OAT, SCL26a6, where it forms 
calcium oxalate and crystalizes around proteins such as osteopontin that then bind 
to CD44 leading to endocytosis and expression of the TNF-receptor. Once endocy-
tosed, calcium oxalate can lead to ROS generation, necrosis, and release of ATP, 
which acts as DAMPs and activate the inflammasome. Additionally, interstitial cal-
cium oxalate phagocytosed by resident DC can also lead to inflammasome activation.

5.3  Hypokalemia

Early pathologic studies of patients with chronic hypokalemia and CKD described 
vacuolization of the proximal and distal tubules, significant interstitial fibrosis with 
lymphocytic infiltrate, juxtaglomerular apparatus hypertrophy (JGA) and develop-
ment of kidney cysts.

Animals fed low potassium diets demonstrate increased renin, prostaglandin, 
intrarenal ACE, and angiotensin II expression as well as increased capillary loss, 
inflammatory cytokine expression and macrophage infiltration on biopsy. 
Angiotensin II and aldosterone are known to mediate activation of TGF-β, which 
may explain the increased fibrosis associated with chronic hypokalemia. Lastly, 
hypokalemia-induced ammoniagenesis may lead to activation of the alternative 
complement pathway by ammonia’s ability to interact with C3’s reactive thiolester 
bond, which may explain the increased tubular C3 deposition on biopsy. Although 
the exact mechanism of kaliopenic nephropathy remains elusive, existing data sug-
gest that chronic hypokalemia activates the RAAS system and ammoniagenesis; 
responses that become maladaptive over time.

6  Genetic ATIN

6.1  Karyomegalic Interstitial Nephritis

Karyomegalic interstitial nephritis (KIN) is a rare cause of hereditary chronic inter-
stitial nephritis, characterized by the presence of enlarged, hyperchromatic and dys-
plastic nuclei in proximal and distal RTE cells (Table 3). Liver and lung involvement 
is seen in half of the cases, with skin, brain and digestive tissues less frequently 
involved. The kidney manifestations tend to be the most severe leading to tubular 
degeneration, interstitial fibrosis, and CKD. Tubular karyomegaly is also seen with 
viral infections (cytomegalovirus, adenovirus, polyoma virus), medications (ifos-
famide, cisplatin) and mycotoxins such as Ochratoxin.

Pathogenesis of KIN has been linked to bi-allelic autosomal recessive mutations 
in the Fanconi anemia-associated nuclease 1 (FAN1) gene, which is an important 
DNA inter-strand crosslink repair gene in the Fanconi anemia DNA damage 
response pathway. Despite its name, FAN1 gene mutation is not associated with a 
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Fanconi anemia phenotype as its role in DNA crosslink repair is distinct from the 
other genes implicated in Fanconi anemia pathogenesis. FAN1 is an endonuclease 

Table 3 Genetic defects, pathogenesis and histology in genetic interstitial nephropathies

Disorder Genetic defect Pathogenesis
Renal histological 
characteristics

Other organ 
involvement

Karyomegalic 
Interstitial 
Nephritis

Bi-allelic 
autosomal 
recessive 
mutations in 
the Fanconi 
anemia- 
associated 
nuclease 1 
(FAN1) gene

Mutations in 
FAN1, an 
endonuclease that 
facilitates DNA 
crosslink repair, 
increase 
susceptibility of 
RTECs to DNA 
damage (ploidy)

Enlarged, 
hyperchromatic and 
dysplastic nuclei in 
RTECs (tubular 
karyomegaly),
tubular degeneration, 
interstitial fibrosis, 
and CKD

Liver, lung, skin 
involvement.
Linked to 
hereditary 
colorectal 
cancer, 
microcephaly, 
and bone 
marrow failure.

Familial 
Nephronophthisis

AR (NPHP1- 20 
genes) that 
encode 
nephrocystin 
protein. 
NPHP1 
homozygous 
deletion most 
frequent 
(~20%).

Defects in 
Nephrocystin 
which is involved 
in primary cilia, 
centrosome, and 
basal body 
functions, result 
in a ciliopathy 
and defective 
cellular signaling.

Corticomedullary 
kidney cysts, chronic 
tubulointerstitial 
nephritis (TIN), 
tubular basement 
membrane 
disruption, and 
tubular atrophy

Retinitis 
pigmentosa, 
hepatic fibrosis, 
situs inversus, 
skeletal and 
cardiac defects, 
cerebellar 
hypoplasia, and 
mental 
retardation

TINU syndrome Linkage to 
several HLA 
genes (detailed 
in text suggests 
genetic 
susceptibility.

Immune- 
mediated injury 
(cell and 
humoral) in 
response to an 
environmental 
trigger

Predominantly 
lymphocytic and 
monocytic 
interstitial infiltrate 
(indicative of a cell 
mediated process). 
Modified CRP may 
be a target antigen 
for antibody 
mediated injury

Bilateral 
anterior uveitis

ADTKD-UMOD Autosomal 
dominant gene 
mutations in 
UMOD.

ADTKD-UMOD 
mutations result 
in misfolded 
proteins that 
activate an ER 
stress response 
resulting in 
mitochondrial 
and cellular 
dysfunction and 
inflammation and 
interstitial fibrosis

Progressive 
tubulointerstitial 
damage and fibrosis 
without glomerular 
involvement and 
ultimate progression 
to ESKD

Gout

Abbreviations: ADTKD autosomal dominant tubulointerstitial kidney disease, AR autosomal 
recessive, CKD chronic kidney disease, ER endoplasmic reticulum, ESKD end stage kidney dis-
ease, NPNH Nephronophthisis, RTECs renal tubular epithelial cells, TINU tubulointerstitial 
nephritis and uveitis, UMOD uromodulin
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that prevents genotoxin induced polyploidy by facilitating DNA crosslink repair. 
Given the kidney’s role as a systemic filter, FAN1 mutations could increase the sus-
ceptibility of RTE cells to environmental genotoxin-induced renal DNA damage 
(ploidy) resulting in KIN. High doses of cisplatin at 20 mg/kg resulted in develop-
ment of AKI in wild type mice as well as FAN1-/- knockout mice. However, chronic 
injection of cisplatin at 2 mg/kg induced KIN in FAN1-/- mice within 5 weeks but not 
in wild type mice, suggesting the role of FAN1 in genotoxin induced DNA repair 
process in the kidney and development of KIN. In addition to KIN, FAN1 gene 
mutations have been linked to hereditary colorectal cancer, developmental defects 
such as microcephaly and bone marrow failure.

6.2  Familial Nephronophthisis

Nephronophthisis (NPHP) is the most common monogenic cause of end-stage kid-
ney disease (ESKD) in patients <30 years of age and is histologically marked by 
corticomedullary kidney cysts, chronic tubulointerstitial nephritis (TIN), tubular 
basement membrane disruption, and tubular atrophy (Table 3). NPHP is an autoso-
mal recessive, genetically heterogenous disorder, linked to over 20 genes 
(NPHP1-20) that encode nephrocystin protein involved in primary cilia, centro-
some, and basal body functions. NPHP1 homozygous deletion is the most fre-
quently implicated in this disorder (~20%) while the other mutations account for 
<3% each. In the remainder (~30%), genetic defect may be unknown. Primary cil-
ium is a sensory organelle that regulates intracellular signaling, cell polarity, cell 
cycle and function. Genes linked to NPHP result in a ciliopathy and defects in cel-
lular signaling pathways such as noncanonical Wnt and sonic hedgehog pathways. 
In the kidney, the inability of ciliary mechanosensors to accurately assess tubular 
luminal flow rates results in dysregulated tissue growth and kidney cyst formation.

NPHP displays phenotypic variability ranging from urinary concentrating defects 
and bland urinalysis to kidney cysts progressing to kidney atrophy and ESKD. Extra- 
renal manifestations are prevalent (~23% in NPHP1 and ~66% in those without 
NPHP1), and include retinitis pigmentosa, hepatic fibrosis, situs inversus, skeletal 
and cardiac defects, cerebellar hypoplasia, and mental retardation. Due to the non- 
specific clinical and biopsy findings as well as significant overlap with other ciliopa-
thies, precise diagnosis may require genetic analysis. Although NPHP is categorized 
alongside medullary cystic kidney disease, the latter is an autosomal dominant dis-
order with onset of ESKD in adulthood.

6.3  Tubulointerstitial-Uveitis Syndrome (TINU)

TINU syndrome is a multisystem autoimmune disease that primarily manifests as 
bilateral anterior uveitis and TIN (Table 3). Initially described in 1975, around 200 
cases of TINU have been reported worldwide since. Both genetic and environmental 
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factors have been linked to its pathogenesis. TINU has been reported with certain 
infections (Campylobacter jejuni, Epstein-Barr virus, Human T-lymphotropic virus 
type 1, etc.) and chemical exposures (non- steroidal anti-inflammatory drugs, herbal 
formulation Goreisan). Reports of familial clustering of the disease and linkage to 
several HLA genes such as HLA DRB1*14, DQA1*01:04, DQA1*04:01, DRB1*14, 
DRB1*0102 suggests genetic susceptibility. Immune-mediated injury (cell and 
humoral) in response to an environmental trigger is central to the pathogenesis of 
TINU. The predominantly lymphocytic and monocytic interstitial infiltrate found in 
the kidney interstitium of patients with TINU is indicative of a cell mediated process. 
High levels of antibodies against modified C-reactive protein (CRP) have been 
detected in patients with TINU. Interestingly, these antibodies co- localize in kidney 
and ocular tissue leading to the theory that modified CRP may be a target antigen in 
the disease. Other antibodies such as anti-nuclear, anti-neutrophil cytoplasmic, and 
anti-glomerular basement membrane antibody have been detected in patients with 
TINU, however their significance is unclear. TINU has several overlapping features 
with sarcoidosis and Sjogren’s syndrome which may make the diagnosis challenging.

6.4  Autosomal Dominant Tubulointerstitial Kidney 
Disease (ADTKD)

In recent years, ~5% of monogenic causes of CKD have been attributed to ADTKD, 
a group of disorders characterized by progressive tubulointerstitial damage and 
fibrosis without glomerular involvement and ultimate progression to ESKD 
(Table 3). Mutations in at least five different genes including UMOD, MUC1, REN, 
HNF1B and, more rarely, SEC61A1 have been implicated. These proteins have sev-
eral renal and extra-renal functions. Pathogenesis of ADTKD-UMOD is the most 
extensively studied and will be briefly described here. UMOD encodes uromodulin, 
a kidney-specific protein secreted by the RTEC of the thick ascending loop and 
early distal convoluted tubule. UMOD mutations result in misfolded proteins that 
accumulate within the endoplasmic reticulum (ER) in large amounts, activating an 
ER stress response that leads to impaired autophagy, mitochondrial and cellular 
dysfunction and ultimately, inflammation and interstitial fibrosis. For a detailed dis-
cussion of ADTKD, the reader is referred to an excellent review on the topic.

7  Infiltrative ATIN

While all cases of ATIN involve infiltration of the tubulointerstitium by inflamma-
tory cells, certain systemic diseases associated with multi-organ pathology appear 
to induce inflammatory infiltration in kidney, via putative autoimmune mechanisms. 
Among these, Sjogrens syndrome, sarcoidosis, systemic lupus erythematosus 
(SLE), and IgG4-related disease (IgG4-RD). Hematological malignancies such as 
leukemia can also cause infiltrative ATIN but we will limit this discussion to auto-
immune systemic diseases (Table 4).
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7.1  Sjogren’s Syndrome

TIN in Sjogren’s syndrome involves an infiltrate rich in T and B-cells and plasma 
cells, that eventually leads to fibrosis and CKD. These infiltrates resemble those 
seen in the salivary glands and other organs more typically affected by Sjogren’s. 
The inciting factor for kidney involvement likely occurs outside the kidney, with 
factors as diverse as viral and bacterial infections exposing epithelial neoantigens in 

Table 4 Pathogenesis, histology, and systemic involvement in infiltrative interstitial nephropathies

Disorder Pathogenesis
Renal histological 
characteristics

Other organ 
involvement

Sjogren’s 
syndrome

Environmental triggers 
expose neoantigens in 
salivary gland that activate 
lymphocytes in genetically 
susceptible patients. These 
activated lymphocytes cause 
kidney injury.

Interstitial infiltrate rich in T 
and B-cells and plasma 
cells, interstitial fibrosis and 
CKD

Salivary glands

Sarcoidosis ? Environmental trigger (i.e. 
bacterial infection); 
Vimentin has been 
implicated as an 
autoantigen. A variety of 
immune cells including 
antigen presenting cells and 
CD4+ cells are involved.

Non-caseating granulomas 
with lymphoplasmacytic 
interstitial infiltrate

Eye, skin, lung

Systemic 
Lupus 
Erythematosus

Multiple mechanisms 
including antibody mediated 
injury against an in-situ 
antigen (e.g. anti-vimentin 
antibodies); innate 
immunity via toll-like 
receptors; cytokine 
mediated injury (IFN- 
α,IL-6). Binding of 
anti-ds-DNA to RTECs has 
been implicated in some of 
these processes.

Plasma and B-cell rich 
interstitial infiltrate

Multi-organ 
involvement 
including brain, 
lungs, liver, skin

IgG4 disease Clonal expansion of 
self-reactive B cells results 
in activation of CD4+ T 
cells and recruitment of 
other immune cells 
(macrophages, follicular 
helper T cells, fibroblasts) 
and IgG4+ isotype 
switching resulting in direct 
cytotoxicity, and cytokine 
mediated injury

IgG4+ plasma cells 
scattered throughout the 
interstitium and often, 
IgG4+ immune complex 
deposition in tubular 
basement membranes. 
Storiform fibrosis is a 
characterizing feature.

Multi-organ 
involvement 
including liver, 
gastrointestinal 
tract, lymph nodes

Abbreviations: CKD chronic kidney disease, RTECs renal tubular epithelial cells
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salivary glands of genetically susceptible individuals. Glandular epithelia in 
Sjogren’s have also been shown to express HLA-DR, potentially highlighting a role 
of antigen presentation by epithelial cells to T-cells and B-cells. These activated 
lymphocytes access the general circulation and deposit in various organs including 
the kidney. Additional kidney injury may result from autoantibodies binding to 
transporters common to salivary gland and kidney epithelia, such as H+/ATPase. 
This can cause local destruction of kidney tissue and release novel kidney antigens 
targeted by T and B-cells.

7.2  Sarcoidosis

Kidney sarcoidosis is characterized by granulomatous ATIN. Non-caseating granu-
lomas are also present in other organs including lung, skin, and eyes. The trigger is 
unclear though bacterial infections have been implicated in pulmonary sarcoid. A 
variety of immune cells are critical to granuloma formation including antigen pre-
senting cells and CD4+ T-cells. The inciting antigens are not definitively identified 
but in pulmonary sarcoid, increasing attention has been focused on vimentin, a fila-
ment protein. Vimentin is also expressed in kidney tubules and interstitium and is 
upregulated in states of regeneration, repair and even EMT, making it conceivable 
that as with pulmonary sarcoid, it acts as an autoantigen in kidney sarcoidosis. 
Tumor necrosis factor (TNF) may also play a role in the pathogenesis of kidney 
sarcoidosis, as demonstrated by anti-TNF therapy inducing granulomatous changes 
similar to sarcoidosis.

7.3  Systemic Lupus Erythematosus (SLE) Nephritis

While primarily thought of as a glomerular disease, SLE nephritis (LN) may also 
involve the tubulointerstitium and lupus TIN is associated with progressive kidney 
disease. In contrast to glomerulonephritis, lupus TIN is characterized by a plasma 
and B-cell rich infiltrate. Germinal center-like as well as B and T cell aggregates 
have been noted within these infiltrates, leading to the idea of in situ antigen driving 
the inflammatory response. Indeed, cytoplasmic antibodies have been detected in 
patients with lupus TIN that show local rather than circulating clonal expansion. 
These antibodies display antigen specificity for vimentin, suggesting that as with 
kidney sarcoidosis, a protein expressed in the tubulointerstitium stimulates 
inflammation.

Innate immunity via toll-like receptors (TLRs) may also play a role in lupus 
TIN. TLR9 expression on RTECs is upregulated in experimental murine models of 
lupus TIN and in kidney biopsies from patients with lupus TIN. Antibodies against 
double stranded (ds) DNA reflect disease activity in patients with lupus and bind 
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directly to RTECs. Notably, dsDNA binding activates TLR9, suggesting another 
pathway for a pathogenic role in lupus TIN.

Cytokine activation may also be involved in lupus TIN. Type 1 interferons (IFN), 
particularly IFN-α, are recognized as central inflammatory mediators in SLE and 
are secreted by RTECs, but a specific role in lupus TIN is not defined. However, 
anti-dsDNA antibody binding to RTECs results in IL-6 secretion and higher levels 
of IL-6 tubulointerstitial staining correlates with worsening TIN scores. Similarly, 
TNF expression in proliferative LN is associated with worsening TIN as well as 
glomerulonephritis.

7.4  IgG4 Disease

IgG4 related disease (IgG4RD) has a heterogeneous presentation ranging from solid 
mass formation to lymphoplasmacytic cell infiltration in various organ systems, 
including the kidney. In IgG4 TIN, the disease is defined by IgG4+ plasma cells 
scattered throughout the interstitium and often, IgG4+ immune complex deposition 
in tubular basement membranes. The interstitial infiltrate can occur on a background 
of swirl-like fibrosis known as storiform fibrosis.

The proposed mechanism behind IgG4RD centers around the clonal expansion 
of self-reactive B cells. Antigen-specific B cell expansion is critical for antigen pre-
sentation to and activation of CD4+ T cells with activity in various tissues, includ-
ing the kidney. In addition to cytotoxic effector functions that lead to direct tissue 
damage, these activated T cells also stimulate a cytokine rich environment that can 
recruit other immune cells, including macrophages. Furthermore, other cytokines 
can act on resident fibroblasts to create local fibrosis.

Other immune cells that are involved in the pathogenesis of IgG4RD include fol-
licular helper T (Tfh) cells, which are found in extra-lymphoid or ectopic germinal 
centers (EGCs). EGCs have been described in IgG4RD affecting salivary glands but 
have also been less commonly noted in kidney IgG4RD.  Tfh cells interact with 
antigen- specific B cells in EGCs to encourage affinity maturation and IgG4+ iso-
type switching, both of which are also critical to clonal expansion of B-cells and 
plasma cells.
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Causes of Acute Tubulointerstitial 
Nephritis: Drugs

Fernando Caravaca-Fontán, Hernando Trujillo, and Manuel Praga

1  Introduction

Acute tubulointerstitial nephritis (ATIN) is an emerging cause of both acute kidney 
injury (AKI) and acute kidney disease (AKD). An increased incidence of ATIN has 
been reported in several studies, especially among older patients.

Drug-induced ATIN is the most common etiology, representing almost two- 
thirds of the cases. Drug-induced ATIN represents a dose-independent type IV 
hypersensitivity reaction that typically occurs in kidney parenchyma 7–10  days 
after the exposure to different agents. This hypothesis is supported by the fact that 
the interstitial infiltrate in ATIN is predominantly composed of T-lymphocytes, 
without a significant deposition of complement or immunoglobulins.

In the majority of cases, symptoms associated with ATIN are non-specific (mal-
aise, nausea-vomiting or flank pain). The classical triad of ATIN, comprising fever, 
rash and eosinophilia, is rare. However, it is observed more frequently in drug- related 
hypersensitivity reactions, particularly when beta-lactam antibiotics are involved.

Low-grade or intermittent fever can develop, but may also be absent in ATIN 
caused by some drugs. Skin rash is typically maculopapular or morbilliform, 
although diffuse erythroderma or toxic epidermal necrolysis can also develop.

Identification of the causative drug is often challenging, especially in patients 
exposed to polypharmacy. In fact, in a case series of drug-induced ATIN, the culprit 
drug could not be clearly identified in nearly 30% of cases. Oligo-symptomatic 
presentations of certain drug-induced ATIN often result in delayed diagnosis, and 
can also make it difficult to correctly identify the culprit drug.

Numerous agents have been incriminated in ATIN, although in short, almost any 
drug should be considered as suspected causative agent of an ATIN.  Significant 
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epidemiological changes have taken place in ATIN in recent years, due to the emer-
gence of novel causative drugs such as proton-pump inhibitors, 5-aminosalicylates, 
or newer anticancer therapies. This chapter aims to provide an update on the differ-
ent etiologies and pathogenic mechanisms underlying drug-induced ATIN.

2  Antimicrobials

Antibiotics (including both beta and non-beta lactams) are frequently implicated in 
ATIN.  Table  1 summarizes the main antibiotic/antiviral drugs associated with the 
development of ATIN. Methicillin-induced ATIN has been considered for many years 
as the prototypical example of this entity, however, it is no longer used in clinical 
practice. Despite wider usage of other antimicrobials, cases of beta-lactam related 
ATIN continue to be reported. Hypersensitivity syndrome with fever, rash or eosino-
philia is found in a large percentage of these cases (>75%), and the presence of leuko-
cyturia and hematuria is also a common feature. Non-beta-lactam antibiotics such as 
fluoroquinolones –and especially ciprofloxacin–, are among the most common caus-
ative agents, with characteristic delayed onset of clinical manifestations, making its 
diagnosis a challenging task. Sulfonamides may induce ATIN more frequently in 
patients with human immunodeficiency virus (HIV), or immunocompromised patients 
such as allograft recipients. The intermittent use of rifampicin in the setting of myco-
bacterial infections may also cause ATIN, although, in contrast to other drugs, it 
occurs in a dose-dependent manner. In addition, rifampicin may also cause proximal 
tubular injury, and a severe kidney injury with the consequent need for dialysis. On the 
other hand, vancomycin may cause a variety of hypersensitivity reactions including 
ATIN. Antibiotics may also lead to non- necrotizing granuloma formation, with a 
shorter latency period compared to other medications.

HIV patients are particularly prone to ATIN and several antiviral agents have 
been associated with the development of this condition. When the kidney damage is 

Table 1 Antibiotics and anti-retroviral drugs associated with the development of acute 
tubulointerstitial nephritis

Antibiotics
   Penicillins: amoxicillin, ampicillin, aztreonam, benzylpenicillin, cloxacillin, methicillin, 

nafcillin, oxacillin, piperaciliza/tazobactam
   Fluoroquinolones: ciprofloxacin, levofloxacin, moxifloxacin, norfloxacin
   Cephalosporins: cefazolin, cefotaxime, cefoxitin, cefoxitin, cefuroxime, ceftriaxone, 

cephalexin
   Sulfonamides: trimethoprim-sulfamethoxazole
   Macrolides: azithromycin, clarithromycin, erythromycin, telithromycin
   Others: cefepime, chloramphenicol, clindamycin, colistin, colistin, doxycycline, ethambutol, 

gentamicin, griseofulvin, imipenem, isoniazid, linezolid, nitrofurantoin, polymyxin B, 
quinine, rifampicin, teicoplanin, vancomycin

Anti-retrovirals
   Abacavir, acyclovir, atazanavir, foscarnet, indinavir.

Adapted from Nast et al.
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not accompanied by granuloma formation, the underlying mechanism is thought to 
be a hypersensitivity reaction occurring 1–4 months after exposure. However, cer-
tain antiretrovirals such as atazanavir can induce chronic tubulointerstitial nephritis 
with progressive chronic kidney disease (CKD).

3  Non-steroidal Anti-inflammatory Drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly used in clinical set-
tings for the treatment of pain and several inflammatory conditions, and in most 
countries, they are available over-the-counter. NSAIDs are commonly implicated in 
the development of ATIN in both children and adults. In a large case series of drug- 
induced ATIN, NSAIDs represented the most frequent offending drug. Table 2 sum-
marizes different group of drugs associated with the development of ATIN.

Table 2 Miscellaneous group of drugs associated with the development of acute tubulointerstitial 
nephritis

Nonsteroidal anti-inflammatory drugs
   COX2 inhibitors: celecoxib, rofecoxib
   Others: aceclofenac, diclofenac, fenoprofen, flurbiprofen, ibuprofen, indomethacin, 

ketoprofen, meloxicam, naproxen, phenylbutazone
5-aminosalicylates
   Balsalazine, mesalazine, olsalazine, sulfasalazine.
Gastric secretion inhibitors
   Proton pump inhibitors: esomeprazole, lansoprazole, omeprazole, pantoprazole, rabeprazole.
   H2 antagonists: cimetidine, famotidine, ranitidine
Anticancer drugs
   Immune checkpoint inhibitors: atezolizumab, ipilimumab, nivolumab, pembrolizumab
   Tyrosine kinase inhibitors: sorafenib, sunitinib
   Others: adriamycin, alendronate, azathioprine, bacillus Calmette–Guerin, bevacizumab, 

bortezomib, carboplatin, gemcitabine, interleukin 2, ifosfamide, lenalidomide, methotrexate, 
pemetrexed, vemurafenib

Diuretics
   Thiazides: hydrochlorothiazide, indapamide, metolazone.
   Loop of Henle diuretics: furosemide, torasemide
   Potassium sparing: amiloride, triamterene
Antihypertensives
   Angiotensin-converting enzyme inhibitors: captopril, lisinopril
   Angiotensin receptor antagonists: candesartan, losartan
   Calcium channel antagonists: amlodipine, nifedipine
Anticonvulsants
   Carbamazepine, diazepam, lamotrigine, levetiracetam, phenobarbital, phenytoin, valproate
Other drugs
   Allopurinol, atorvastatin, carbimazole, chlorpropamide, exenatide, febuxostat, flecainide, 

gemfibrozil, leflunomide, metamizole, propranolol, propylthiouracil, risedronate, sildenafil

Adapted from Nast et al.
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Fewer extra-renal manifestations at the time of diagnosis, and longer latency 
periods from the exposure are peculiar features of NSAIDs compared with other 
common drug-induced ATIN. In addition, NSAID-induced ATIN can also be asso-
ciated with nephrotic syndrome when concomitant minimal change disease is pres-
ent. The exact mechanisms underlying this form of the disease are poorly understood, 
however, it is possible that the systemic release of cytokines and inflammatory fac-
tors by activated cells could alter the permselectivity of the glomerular filtration 
barrier.

Kidney biopsies of patients with NSAID-induced ATIN may show less intense 
interstitial inflammation compared to other forms of drug-induced ATIN, and eosin-
ophils may not be present.

Finally, selective cyclooxygenase 2 (COX-2) inhibitors (such as celecoxib or 
rofecoxib), although associated with less gastrointestinal side effects, can induce 
ATIN with a similar clinical pattern to that of non-selective NSAIDs. Rofecoxib is 
no longer available for therapy.

4  Proton-Pump Inhibitors

Proton-pump inhibitors (PPIs) are among the most widely used medications world-
wide and, as with NSAIDs, they are commonly used over-the-counter. In addition, 
these drugs are often used for prolonged periods of time. According to different case 
series, PPIs were found to be responsible for ATIN in 18–64% of the cases, espe-
cially in older patients. Indeed, a case-control epidemiological study found that cur-
rent PPI users >60  years old were at higher risk of ATIN compared to younger 
current users. The interval between PPI initiation and the onset of kidney abnor-
malities can oscillate between 1 week and 9 months. However, in clinical settings it 
is often difficult to establish a clear correlation between PPI treatment and ATIN and 
therefore, it is likely that the real prevalence of this complication may be 
underestimated.

The clinical presentation of PPI-induced ATIN is often nonspecific including 
asthenia or low-grade fever, with the classical triad of fever, rash, and eosinophilia 
found in less than 10% of the cases. The severity of the kidney damage in this set-
ting may be lower as compared to other drug-induced ATIN, but the longer duration 
of the exposure due to its delayed diagnosis may hamper the recovery of kidney 
function. One study found a predominance of Th1–Th17 lineage infiltration in a 
cohort of patients with PPI-induced ATIN, suggesting this could be the main type of 
cell-mediated inflammatory process, as opposed to the Th2-mediated response typi-
cally seen in “classic” allergic ATIN. Furthermore, patients carrying polymorphisms 
of the CYP2C19 enzyme may be more prone to develop PPI-induced ATIN due to 
higher blood levels of these drugs. The development of end-stage CKD in cases of 
PPI-induced ATIN is rare, although up to 50% of the cases may not fully recover 
kidney function.

F. Caravaca-Fontán et al.
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5  5–Aminosalicylates

The 5-aminosalicylates (5-ASA) such as mesalazine, sulfasalazine, or olsalazine, 
are frequently used to control symptoms of inflammatory bowel disease (IBD). 
Different types of kidney involvement have been reported in patients with IBD, with 
IgA nephropathy and interstitial nephritis the most common. 5-ASA-induced ATIN 
represents an idiosyncratic drug reaction, and it is most commonly found during the 
first year of treatment. The estimated incidence of kidney impairment among 
patients taking 5-aminosalicylates is 1 in 200–500 patients, although IBD itself may 
be associated with the development of interstitial nephritis. Hypersensitivity symp-
toms such as rash, fever and eosinophilia may be present after the onset of 5-ASA, 
whereas other patients develop a slowly progressive CKD. Thus, close monitoring 
of patients receiving treatment with 5-ASA is advocated for an early recognition of 
kidney function impairment.

6  Anticancer Drugs

Kidney disease is a relatively frequent complication among cancer patients, and has 
a significant impact in clinical practice. Importantly, several chemotherapeutic 
agents are cleared by the kidneys, which can limit its use, while a large number of 
anticancer drugs have also not been tested in clinical trials in patients with kidney 
disease. Moreover, a number of common underlying clinical characteristics of can-
cer patients, such as a trend towards hypoalbuminemia, reduced muscle mass, and 
polymedication may predispose them to develop different types of kidney injury 
such as ATIN. In the following lines, the different types of anticancer drugs that can 
potentially elicit an ATIN are reviewed (Table 2).

6.1  Immune Checkpoint Inhibitors

Over the last years, several important advances have taken place in the field of can-
cer immunotherapy, which have made it possible to expand the therapeutic arma-
mentarium and, in many cases, improved prognosis of some of these diseases. 
Immune checkpoint inhibitors (ICPI) such as ipilimumab (cytotoxic T-lymphocyte 
antigen 4 [CTLA-4] antagonist), nivolumab, pembrolizumab (programmed cell 
death-1 [PD-1] inhibitors), atezolizumab, and durvalumab (programmed cell death 
ligand 1 [PD-L1] inhibitors), have revolutionized cancer therapy. However, these 
advances have also brought an increased incidence in drug-related side effects. The 
skin, gastrointestinal tract, lungs, and endocrine system are commonly involved in 
the setting of ICPI therapy. In addition, ICPI may induce AKI in around 1–29% of 
the cases, although the true incidence may be underestimated. ATIN is the most 
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common type of kidney disease, although other forms such as pauci-immune glo-
merulonephritis, podocytopathies or even C3 glomerulopathy have been reported. 
Hence, cancer patients with kidney impairment and/or proteinuria should undergo a 
careful evaluation for potential underlying causes, and a kidney biopsy should be 
performed when possible.

In ICPI-induced ATIN the reported interval between drug initiation and the onset 
of kidney-related abnormalities ranges from 1 to 24 months, and extrarenal mani-
festations such as hypophysitis or colitis may precede AKI. Interestingly, the con-
comitant use of PPI in patients under treatment with ICPIs has been associated with 
a higher risk of ATIN. Although the exact pathogenic mechanism has not been fully 
deciphered, it has been suggested that ICPI could lead to loss of immune tolerance 
and subsequent activation of memory T-cells, previously primed by other haptens, 
including medications. Of note, a failure to achieve kidney recovery after an ICPI- 
induced ATIN has been associated with higher mortality in some studies. Moreover, 
up to one-quarter of the patients in which ICPI are rechallenged may develop recur-
rent AKI.

6.2  Tyrosine Kinase Inhibitors

Tyrosine kinase inhibitors (TKIs) such as imatinib, gefitinib, erlotinib, sorafenib or 
sunitinib are a group of agents whose mechanism of action consists of a competitive 
inhibition of adenosine triphosphate at the catalytic binding site of tyrosine kinase. 
Thus, TKIs block the receptors of numerous growth factors involved in cell prolif-
eration and reparative processes. ATIN has been described in the setting of treat-
ment with sorafenib and sunitinib.

6.3  Platinum Agents

Nephrotoxicity is a well-known side effect of platinum agents such as cisplatin or 
carboplatin. Conversely, the incidence of this adverse event is less frequent with 
third generation agents such as oxaliplatin. Platinum agents can also induce 
ATIN. Several cases of oxaliplatin-related ATIN have been described, often associ-
ated with systemic symptoms such as malaise, fever or skin rash.

6.4  Ifosfamide

Ifosfamide is a broad-spectrum alkylating agent, used in both solid and hematologic 
malignancies. Treatment with ifosfamide has been associated with both ATIN and 
chronic TIN through mechanisms that are poorly understood but appear to be dose 
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related. Remarkably, ifosfamide-induced ATIN is characterized by the presence of 
kariomegalic changes in tubular epithelial cells. The reported kidney prognosis is 
variable, although an incomplete recovery of kidney function is common.

6.5  Other Anticancer Agents

Several other anticancer drugs have also been associated with the development of 
ATIN. Bortezomib, a proteasome inhibitor, mainly used in multiple myeloma or 
monoclonal gammopathy of renal significance has exceptionally been associated 
with ATIN with granuloma formation.

Lenalidomide is an immunomodulatory agent, used in a wide range of tumors, 
but mainly in hematological diseases such as multiple myeloma or myelodysplastic 
syndromes. Lenalidomide has also been associated with ATIN, often associated 
with skin rash.

Pemetrexed is a multitargeted antifolate that inhibits different enzymes involved 
in DNA synthesis. Pemetrexed typically induces tubular necrosis or interstitial 
fibrosis, although the development of ATIN and chronic TIN has also been described.

The BRAF inhibitors, such as vemurafenib or dabrafenib, have been associated 
with the development of AKD within the first 3 months of treatment. It has been 
suggested that the concomitant presence of eosinophilia in these cases may reflect 
the development of an ATIN.

Finally, the intravesical instillation of bacillus Calmette–Guerin (BCG) in nonin-
vasive transitional cell carcinoma bladder have also been associated with ATIN, 
with or without chronic TIN and non-necrotizing granuloma.

7  Other Drugs

Virtually any drug can potentially elicit an ATIN (Table 2). Apart from the afore-
mentioned agents, ATIN can also develop with several antihypertensive drugs –such 
as captopril, losartan or nifedipine–, anticonvulsants –such as carbamazepine, leve-
tiracetam or phenytoin–, urate lowering drugs –such as allopurinol or febuxostat–, 
among others. Diuretics (thiazides, loop, and potassium-sparing diuretics), apart 
from causing afeasibly reversible increase in serum creatinine, may rarely cause 
ATIN. Kidney function impairment is typically identified 4–10  weeks after the 
onset of diuretic treatment, and the associated symptoms may be variable. 
Fortunately, kidney outcomes are generally favorable.

In addition, the drug reaction with eosinophilia and systemic symptoms (DRESS 
syndrome), a drug-induced hypersensitivity reaction characterized by fever, rash, 
eosinophilia, and multiple organ involvement, can also be associated with ATIN in 
10–30% of cases. Allopurinol, anticonvulsant drugs, and antibiotics are the drugs 
most frequently involved in this syndrome.
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8  Conclusions

ATIN is a common cause of AKI and AKD. Clinicians should be aware of the pos-
sibility of a drug-induced ATIN particularly in patients exposed to multiple medica-
tions. Kidney biopsy provides the definitive diagnosis of ATIN. Early discontinuation 
of the culprit drug is the mainstay of therapy, although the identification of this drug 
is often challenging in clinical practice.
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Viral-Induced Tubulointerstitial Nephritis

Emmanuelle Plaisier and Pierre Ronco

Viruses account for a substantial proportion of causes of acute interstitial nephritis 
(AIN). Kidney injury may be the consequence of cell damage from direct viral 
infection, and/or secondary to viral-induced immune response targeting the kidney 
tissue. Viral pathogens causing AIN are distinct between immunocompetent sub-
jects and immunocompromised patients, resulting in distinct clinical and histopath-
ological presentation and outcome. Nonspecific interstitial inflammation may also 
represent a secondary pathological feature in acute ischemic or toxic tubulopathy 
occurring in several viral diseases, such as Ebola, Dengue disease or COVID 19, 
that will not be discussed in the chapter.

1  Hantavirus Nephropathy

Hantaviruses (HV) represent the leading cause of viral-induced AIN in immuno-
competent subjects, causing hemorrhagic fever with renal syndrome (HFRS) in 
Eurasia and cardiopulmonary syndrome in America. Puumala hantavirus serotype is 
endemic in Central and Northern Europe with annual cases exceeding 1000 per 
country and is responsible for a milder form of HFRS recognized as “nephropathia 
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epidemica” (NE). NE develops after a 2–4 weeks incubation phase and is typically 
associated with fever, flu-like symptoms, acute kidney injury (AKI), and thrombo-
cytopenia. One third and about half of subjects show respiratory symptoms and 
transient visual loss, respectively. Renal manifestations typically includes hematu-
ria, proteinuria ranging from 1 to 4 g/day combining both albuminuria and low 
molecular weight proteinuria, and AKI of variable severity. Oliguria first occurs, 
with peak of serum creatinine typically observed after 7 days, followed by polyuria 
and spontaneous remission within 3 weeks. Only about 5% of patients require tran-
sient kidney replacement therapy.

Kidney biopsy typically shows large foci of interstitial hemorrhages in the 
medulla, which are considered the most specific pathological finding of Hantavirus 
nephropathy and more rarely extended to the cortex along with mild to moderate 
polymorphic interstitial inflammation containing lymphocytes and macrophages, 
and mild to diffuse acute tubular necrosis. A pathological study of 17 NE cases addi-
tionally points out to the presence of microvascular inflammation that fills the corti-
cal peritubular capillaries and medullary vasa recta with swelling and detachment of 
the endothelial cells, this observation being consistent with the endothelial tropism 
of HV. Ultrastructural analysis may reveal focal to diffuse podocyte foot process 
effacement, responsible for albuminuria commonly observed in NE. Diagnosis of 
NE is firmly established by routine enzyme-linked immunosorbent assay test detect-
ing IgG and IgM antibodies against HV.  Treatment of NE is symptomatic as no 
specific antiviral drug is currently available. Large European cohorts of NE have 
reported excellent long-term kidney outcome regardless of the severity of AKI at 
presentation. By contrast to NE, severe forms of Hantavirus nephropathy are 
observed with other HV serotypes including Dobrava and New world in America, 
mostly causing multiorgan dysfunction and associated with a high mortality rate.

2  Human Immunodeficiency Virus (HIV) Infection

A spectrum of kidney diseases including AIN is observed in HIV-positive individu-
als, occurring as the consequence of either viral replication, immunodeficiency, 
opportunistic diseases including infections and malignancies, or drug toxicity. 
Immune reconstitution inflammatory syndrome (IRIS), and diffuse infiltrative lym-
phocytosis syndrome (DILS) are systemic syndromes caused by HIV-induced 
immune dysregulation. In both diseases, kidney involvement typically shows a his-
tological pattern of AIN.

IRIS represents a dysregulated inflammatory response occurring shortly after 
antiretroviral therapy (ART) initiation in patients with severe lymphopenia (CD4 
count bellow 50/mm3) and preexisting latent or shortly treated opportunistic infec-
tion (most commonly Mycobacterium Tuberculosis, Mycobacterium Avium, cryp-
tococcus, JC virus). Organ-limited or systemic manifestations (lymphadenopathy, 
organomegaly, lung disease, serositis…) with constitutional symptoms are usually 
observed. Most of the reported cases of AIN occurred in systemic forms of 
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mycobacterial- related IRIS. Kidney manifestations typically include AKI, protein-
uria of 1–4  g/day, and bilateral kidney enlargement. Histopathological analysis 
reveals acute granulomatous interstitial nephritis with dense mononuclear intersti-
tial infiltrates mainly composed of macrophages, T lymphocytes and non- caseating 
granuloma. Short course of prednisone, anti-microbial therapy, and maintenance of 
ART are usually efficient to reverse kidney injury. Atypical presentation or outcome 
should prompt the search for an alternative cause of acute interstitial nephritis, in 
particular drug-induced AIN.

DILS is a rare syndrome characterized by CD8+ T-cell lymphocytosis with 
CD8+ T-cell organ infiltration, mostly affecting uncontrolled and/or untreated HIV- 
positive individuals, with high HIV viral load. It usually presents with sicca signs, 
salivary gland enlargement, lymphadenopathy, and extra-glandular organ involve-
ment including lung, nervous systems, and digestive tract. Less than 10% of patients 
develop a kidney disease characterized by AKI, tubular proteinuria, leukocyturia, 
hematuria, and distal tubular dysfunction with metabolic acidosis, hyperkaliemia, 
low level of renin and aldosterone, and polyuria. Nephromegaly may also be pres-
ent. Kidney biopsy shows AIN with dense interstitial mononuclear infiltrates pre-
dominantly composed of CD3+CD8+ T lymphocytes, plasma cells and monocytes, 
without granuloma formation. Tubulitis is commonly observed, as well as some 
degree of interstitial fibrosis and tubular epithelial atrophy notably affecting distal 
tubules. Although corticosteroids can effectively control the manifestations of 
DILS, incomplete recovery or relapse upon discontinuation may occur despite ART 
use. Table 1 displays the features of AIN in the setting of IRIS or DILS in HIV- 
positive patients.

Table 1 Features of AIN in IRIS and DILS in HIV-positive patients

Characteristic IRIS DILS

HIV status Recent ART initiation Uncontrolled HIV 
infection despite 
long-term ART

Predisposing factors Exposure to infectious (typically 
tuberculosis) antigen before ART

HLA-DR5D4+

Clinically Patient in the restoration phase of 
immunity

Sicca syndrome
Parotid enlargement

Labs Hematuria, Sterile pyuria
Proteinuria (>0.3 g/day)

Hematuria, Sterile pyuria, 
Proteinuria (>0.3 g/day)
Functional tubular 
disorders

Pathology and 
predominant infiltrating 
cell lineage

Noncaseous granuloma
Diffuse and systemic CD4

Diffuse and systemic 
CD8

Treatment Antimicrobial chemotherapy, 
administration of steroids ± continuation 
or discontinuation of ART

Administration of steroids
Continuation of ART

DILS diffuse infiltrative lymphocytosis syndrome, IRIS immune reconstitution inflammatory syn-
drome, ART antiretroviral therapy
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While mostly classified as a glomerulopathy, HIV-associated nephropathy 
(HIVAN) is a pan nephropathy with the interstitial inflammation being out of pro-
portion to glomerular disease. Interstitial infiltrates in HIVAN are predominantly 
composed of CD4+ and CD8+ T lymphocytes, plasma cells and monocytes. In 
biopsy specimen with unsampled glomeruli, the presence of interstitial inflamma-
tion and microcystic tubular dilations should raise the suspicion of HIVAN in 
untreated and/or uncontrolled patient of African ancestry.

3  BK Virus-Associated Nephropathy

BK polyomavirus (BKV) causes frequent primary subclinical infections during 
childhood, spreads and infects renal tubular epithelial cells and epithelial cells of 
the urogenital tract, where it remains latent. Reactivation of BKV in immunocom-
promised individuals following solid organ transplantation (SOT) and hematopoi-
etic stem cell transplantation (HSCT) may cause serious complications, including 
BKV-associated nephropathy (BKVAN) mostly in kidney allograft, ureteric steno-
sis, or hemorrhagic cystitis.

BKVAN is an AIN that commonly occurs in the first 2 years after kidney trans-
plantation or following treatment of rejection. BKV viremia usually precedes the 
development of BKVAN by a median 8 weeks and early reduction of immunosup-
pression in viremic patients effectively prevent BKVAN.  The 2019 American 
Society of Transplantation Infectious Disease Community of Practice (AST-IDCOP) 
guidelines established quantitative BKV PCR in blood or plasma as the reference 
screening method and recommends monthly screening the first 9 months and every 
3 months until 2 years after kidney transplantation. Urinary cytology tests detecting 
infected renal tubular epithelial cells also named decoy cells, have been adopted as 
the first detection tests in some centers to reduce cost but are less sensitive than 
molecular screening, with variation due to operator-dependent performance.

BKVAN may be clinically silent or revealed by nonspecific signs including acute 
or progressive kidney graft dysfunction, tubular proteinuria, and hematuria. 
Definitive diagnosis of BKVAN is established by kidney allograft biopsy. Histologic 
changes include interstitial inflammatory infiltrate and tubular damage with tubuli-
tis. While these characteristics are similar to acute cellular rejection, two findings 
are highly suggestive of BKVAN, namely the presence of intranuclear inclusion 
bodies in tubular cells and positive immunochemical staining with antibody against 
SV40-T Ag. The Banff Working group on Polyomavirus Nephropathy has proposed 
a histologic Classification System for BKVAN which combines the quantification 
of intrarenal BKV viral load and the Banff interstitial fibrosis of cortical area score. 
This classification has delineated three histologic classes which are tightly corre-
lated with clinical presentation and kidney allograft function outcome.

Immunosuppression reduction remains the only consensual therapeutical 
approach in BKVAN, since no antiviral drug targeting BKV is currently available. 
Conversion to mTOR inhibitor has been proposed, based on experimental studies 
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and retrospective clinical data, but its impact on allograft function outcome need to 
be further demonstrated. Additional therapeutic options have been tested including 
intravenous immunoglobulin, cidofovir or leflunomide, with conflicting results.

BKVAN has been exceptionally reported in other SOT, while HSCT recipients 
are more likely to experience hemorrhagic cystitis. Kidney allograft dysfunction 
may rarely be the consequence of hydronephrosis due ureteral BKV infection 
inducing ureteral epithelial cells inflammation and stenosis.

4  Adenoviral Nephritis

Adenovirus (AdV) cause epidemics of self-limited infections in healthy subjects, 
mostly affecting the upper and lower respiratory tract, the cornea, and gut. In immu-
nocompromised patients, notably HSCT and SOT recipients, AdV reactivation or 
newly primary infection are responsible for severe and/or disseminated disease. 
Hemorrhagic cystitis is the most common urological manifestation in this context, 
presenting with fever, dysuria, and gross hematuria. AIN mostly occurs in kidney 
transplant recipients, more rarely in HSCT, and is suspected by the presence of 
hemorrhagic cystitis and acute graft dysfunction.

Allograft biopsy is required to distinguish AdV nephritis from AKI or acute 
rejection. AdV nephritis is associated with widespread and dense interstitial infil-
trates of T-lymphocytes, plasma cells and macrophages, sometimes forming granu-
lomatous inflammation with necrotizing foci. Acute tubular necrosis and tubulitis 
are commonly observed, and viral cytopathic effects may be observed in tubular 
cells, characterized by smudgy basophilic intranuclear inclusions with enlarged 
nuclei. Immunostaining for AdV shows nuclear and cytoplasmic staining of infected 
cells. AdV PCR testing in urine and plasma, together with histopathological analy-
sis allow to establish the diagnosis and sequential monitoring of the AdV viral load. 
Similar to BKVAN, reduction of immunosuppression is the cornerstone of AdV 
nephritis treatment. Adjunctive therapy such as IVIg, and/or antiviral agents such as 
cidofovir, ribavirin or ganciclovir have also been additionally proposed. AdV 
nephritis is usually reversible, while disseminated infection may be 
life-threatening.

5  Cytomegalovirus (CMV) Interstitial Nephritis

While CMV may cause severe tissue disease in immunocompromised hosts, nota-
bly in SOT recipients, invasive CMV disease of the kidney is rare, responsible for 
either glomerulopathy or tubulointerstitial nephritis, mostly in the kidney allograft. 
Histologic findings in CMV tubulointerstitial nephritis include interstitial inflam-
matory infiltrate composed of plasma cells and mononuclear cells with various 
degree of tubular injury. Presence of typical “owl’s eyes” intracellular inclusions in 
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tubular cells or/and interstitial cells is highly suggestive of CMV nephritis, con-
firmed by cellular positivity for CMV by immunochemistry. Coexistence of CMV 
nephritis and BKVAN has been reported, and pathological differentiation with acute 
cellular or humoral rejection may be challenging without IHC study specially when 
cytopathic effect is lacking. Intravenous ganciclovir is the gold standard therapy for 
in CMV nephritis, commonly allowing the recovery of the graft function.

Suggested Reading

 Cohen-Bucay A, Ramirez-Andrare SE, Gordon CE, Francis JM, Chitalia VC. Advences in BK 
virus complication in organ transplantation and beyond. Kidney Med. 2020;2:771–86.

 Daugas E, Plaisier E, Boffa JJ, Guiard-Schmid JB, Pacanowski J, Mougenot B, Ronco P. Acute 
renal failure associated with immune restoration inflammatory syndrome. Nat Clin Pract 
Nephrol. 2006;2:594–8.

 Gnemmi V, Verine J, Vrignaud L, Glowacki F, Ratsimbazafy A, Copin MC, et al. Microvascular 
inflammation and acute tubular necrosis are major histologic features of hantavirus nephropa-
thy. Hum Pathol. 2015;46:827–35.

 Hirsch HH, Randhawa PS. American Society of Transplantation Infectious Diseases Community 
of Practice (ASTIDCoP) BK polyomavirus in solid organ transplantation-guidelines from the 
American Society of Transplantation Infectious Diseases Community of Practice. Clin Transpl. 
2019;33:e13528.

 Nickeleit V, Singh HK, Dadhania D, Cornea V, El-Husseini A, Castellanos A, et al. The 2018 Banff 
Working Group classification of definitive polyomavirus nephropathy: a multicenter validation 
study in the modern era. Am J Transplant. 2021;21:669–80.

 Latus J, Schwab M, Tacconelli E, Pieper FM, Wegener D, Rettenmaier B, et al. Acute kidney injury 
and tools for risk stratification in 456 patients with hantavirus induced nephropathia epidemica. 
Nephrol Dial Transplant. 2015;30:245–51.

 Lusco MA, Fogo AB, Najafian B, Alpers CE. AJKD atlas of renal pathology: adenovirus infection. 
Am J Kidney Dis. 2018;71:e1–2.

 Outinen T, Makelä S, Clement J, Paakkala A, Pörsti I, Mustonen J. Community acquired severe 
acute kidney injury caused by hantavirus-induced hemorrhagic fever with renal syndrome has 
a favorable outcome. Nephron. 2015;130:182–90.

 Rane S, Nada M, Minz M, Sakhuja V, Joshi K. Spectrum of cytomegalovirus-induced renal pathol-
ogy in renal allograft recipients. Transplant Proc. 2012;44:713–7.

 Swanepoel CR, Atta MG, D’Agati VD, Estrella MM, Fogo AB, Naicker S, et al. Kidney disease 
in the setting of HIV infection: conclusions from a kidney disease: improving global outcomes 
(KDIGO) controversies conference. Kidney Int. 2018;93(3):545–59.

 Swanson KJ, Djamali A, Jorgenson MR, Misch EA, Ghaffar A, Zhong W.  Cytomegalovirus 
nephritis in kidney transplant recipients: epidemiology and outcomes of an uncommon diagno-
sis. Transpl Infect Dis. 2021;23(5):e13702. https://doi.org/10.1111/tid.13702.

 Veer M, Abdulmassih R, Como J, Min Z, Bhanot N. Adenoviral nephritis in a renal transplant 
recipient: case report and literature review. Transpl Infect Dis. 2017;19:e12716.

 Wyatt CM, Klotman PE, D’Agati VD. HIV-associated nephropathy: clinical presentation, pathol-
ogy, and epidemiology in the era of antiretroviral therapy. Semin Nephrol. 2008;28(6):513–22.

E. Plaisier and P. Ronco

https://doi.org/10.1111/tid.13702


67

 Zafrani L, Coppo P, Dettwiler S, Molinier-Frankel V, Agbalika F, Guiard-Schmid JB, et al. 
Nephropathy associated with the diffuse infiltrative lymphocytosis syndrome. Kidney Int. 
2007;72:219–24.

 Zaidan M, Lescure FX, Brochériou I, Dettwiler S, Guiard-Schmid JB, Pacanowski J, Rondeau 
E, Pialoux G, Girard PM, Ronco P, Plaisier E.  Tubulointerstitial nephropathies in HIV-
infected patients over the past 15 years: a clinico-pathological study. Clin J Am Soc Nephrol. 
2013;8:930–8.

Viral-Induced Tubulointerstitial Nephritis



69© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
M. G. Atta, M. A. Perazella (eds.), Tubulointerstitial Nephritis, 
https://doi.org/10.1007/978-3-030-93438-5_6

Bacterial and Parasitic-Related 
Tubulointerstitial Nephritis

Nicola Wearne and Bianca Davidson

1  Introduction

Acute tubulointerstitial nephritis [TIN] is an important cause of acute kidney injury 
[AKI] and can progress to chronic kidney disease [CKD]. In a large, multicenter study, 
an overall prevalence of 2.7% was reported. However the true incidence is likely under-
estimated, as many are not referred for kidney biopsy. Drugs are cited as the most com-
mon cause of TIN, with infections reported less frequently. In a review of the reported 
literature, drugs were the leading cause of TIN in approximately 70% of cases with 
infections resulting in 4.0–15.6%. However, infections remain an important cause and 
are likely to be region specific.

2  Bacterial Causes of Interstitial Disease

The most common mechanisms by which bacteria cause AKI is from sepsis or sys-
temic inflammatory response syndrome [SIRS]. AKI can be exacerbated by multi- 
organ failure, hypotension, hemolysis or hepatorenal syndrome. Some bacteria have 
been specifically associated with acute TIN. These include Staphylococcus aureus 
and epidermidis, Salmonella typhi and paratyphi, Legionella spp, Yersinia entero-
colitica, Brucella spp, Campylobacter jejuni, and Corynebacterium diphtheriae. 
These bacteria directly invade the interstitium of the kidney either through ascend-
ing infection or hematogenous  spread. Activation of immune responses subse-
quently result in acute or chronic TIN.  Antimicrobial agents used to treat these 
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infections may also result in TIN. A high level of clinical suspicion, early detection, 
and management are essential to prevent ongoing kidney injury.

2.1  Mycobacterium tuberculosis

Granulomatous interstitial nephritis [GIN] is a variant of TIN where granulomas are 
seen in the interstitium of the kidney often surrounded by inflammatory cells. The 
current published literature reports GIN to occur in 0.5–1.37% of patients undergo-
ing kidney biopsy. Although sarcoidosis and drugs are often cited as the commonest 
cause in developed countries, tuberculosis [TB] is the most common cause in 
regions endemic with Mycobacterium tuberculosis, and heightened where human 
immunodeficiency virus [HIV]/TB coinfection occurs. In 2019, people living with 
HIV accounted for 85% (3.5 million) of the total TB infections. Of the 3.5 million, 
three countries; India, Tanzania, and South Africa accounted for 25%, 17% and 
14%, respectively.

Kidney involvement from TB includes localized genitourinary disease, GIN, and 
GIN occurring from TB immune reconstitution inflammatory syndrome [IRIS]. The 
impaired CD4 T-cell function seen in untreated HIV with low CD4 counts, alters 
cytokine secretion leading to poorly formed granulomas. Antiretroviral therapy 
restores the host’s ability to form granulomata which may lead to an intense para-
doxical reaction improving granuloma formation resulting in TB-IRIS. A high 
degree of clinical suspicion is required as a diagnosis to the etiology of GIN can be 
challenging.

2.2  Leptospirosis

Leptospirosis is a zoonotic disease endemic to tropical and temperate regions that is 
caused by a spirochete; Leptospira interrogans. The rat is the major reservoir excret-
ing spirochetes in the urine. The spectrum of kidney injury in humans includes mild 
proteinuria, urinary sediment abnormalities, tubular dysfunction, and AKI predomi-
nantly due to acute TIN. Leptospira enter the host’s kidney by penetrating the capil-
lary lumen, adhering to tubular epithelium, and subsequently invading the kidney 
interstitium. An outer membrane protein of the spirochete actives the immune response 
via toll-like receptors, ultimately leading to varying degrees of lymphoplasmacytic 
interstitial nephritis.  However, the mechanisms for the tubulointerstitial damage 
remains multifactorial including hemodynamic instability, hyperbilirubinemia, rhab-
domyolysis, immune-mediated inflammation, and direct nephrotoxicity by the spiro-
chete. Kidney involvement usually accompanies pulmonary hemorrhage and liver 
dysfunction.
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2.3  Leprosy

Kidney involvement in leprosy is characterized by epithelioid granulomas. The 
bacilli of Mycobacterium leprae may also be seen within the kidney parenchyma. 
Kidney involvement is characterized by hematuria, mild proteinuria, and renal tubu-
lar dysfunction. It can also lead to chronic TIN and amyloidosis progressing to 
CKD. The mechanism of kidney disease is likely associated with immunological 
phenomena. Leprosy nephropathy has become a milder disease, which tends to 
recover after specific treatment.

3  Parasitic Causes of Interstitial Nephritis

Currently there are 342 identified parasites, of which 20 cause disease in humans 
and may lead to kidney disorders. The four parasites that cause the most significant 
kidney pathology include malaria, schistosomiasis, filariasis, and leishmaniasis 
which are classified as neglected tropical disease by the World Health Organization 
[WHO]. The geographical distribution of these parasites is demonstrated in Fig. 1.

Malaria is the most life-threatening. In 2019, the WHO estimated 229 million 
cases of malaria worldwide with over 409,000 reported deaths with the African 
region carrying a high share of the global burden. Malaria-associated AKI has been 
reported to occur in over 40% of patients with severe malaria. Table 1 outlines how 
malaria and other major parasites affect the interstitium resulting in kidney dysfunc-
tion. Schistosomiasis affects more than 200 million people worldwide and it is 
endemic in Africa, South America and, the Far East (Fig.  1). Current WHO 

Filariasis

Malaria

Schistosomiasis

Leishmaniasis

Fig. 1 Geographic distribution of the four commonest parasites that affect the kidney. World map 
with outlined countries depicting the geographic regions where parasites are found. The high-
lighted areas demonstrate areas of highest burden
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estimates state that 112 and 54 million people are infected with Schistosomiasis 
haematobium and mansoni respectively. Of the infected subjects, 60% are symp-
tomatic and 10% have kidney dysfunction (Table  1). Leishmaniasis is linked to 
environmental changes such as deforestation, building of dams, irrigation schemes, 
and urbanization. An estimated 700,000 to 1 million new cases occur annually. Only 
a small fraction of those infected by Leishmania parasites develop disease. Finally, 
worldwide, 893 million people in 49 countries remain threatened by lymphatic fila-
riasis and require preventive chemotherapy to stop the spread of this parasitic infec-
tion (Table 1).

3.1  Mechanisms by Which Parasites Affect the Kidney

The mechanisms by which host-parasite interactions cause kidney injury are multifacto-
rial. The interstitial injury from the parasite may occur from three main mechanisms. (1) 
Direct invasion of the kidneys or urinary tract. For example, Schistosoma ova directly 
invade the kidney and produce a delayed hypersensitivity reaction leading to granuloma 
formation. The second mechanism results from acute systemic effects. Malaria demon-
strates this as it leads to hemodynamic instability, increased oxidative stress from hemo-
lysis, and cytoadherence leading to microvascular disruption and rarely rhabdomyolysis. 
The 3rd mechanism is immune mediated inflammation that results from adaptive 
immune system activation, parasite related injury from host evasion, and antibody pro-
duction (IgE) with complement activation from alternative and classical pathways. 
Parasites are also able to evade host immune detection by various mechanisms including 
the acquisition of host antigens (e.g., schistosomiasis) and down-regulation or suppres-
sion of monocytes (e.g., leishmaniasis,  schistosomiasis).

4  Conclusion

Drugs are the most common cause of TIN. However, bacteria and parasites may 
play a more prominent role in endemic areas. Jha et al. emphasizes the differences 
in environmental risk factors for kidney disease worldwide. With global travel and 
migration these infections should be considered as part of the diagnosis of kidney 
dysfunction, in patients who have recently travelled or previously lived in endemic 
areas. Parasites and bacteria can affect the interstitium by (1) direct invasion (2) 
systemic effects and (3) by immune mediated inflammation. Importantly antibiotics 
and antiparasitic treatment can also cause TIN. These may also include over the 
counter medications, herbal, and local traditional remedies.

Bacterial and Parasitic-Related Tubulointerstitial Nephritis
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Tubulointerstitial Nephritis 
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1  Introduction

Many systemic autoimmune diseases have been associated with the development of 
tubulointerstitial nephritis (TIN), including sarcoidosis, Sjogren’s syndrome, sys-
temic lupus erythematosus (SLE), tubulointerstitial nephritis and uveitis syndrome 
(TINU), and ANCA-associated vasculitis (AAV) (Table  1). Underlying autoim-
mune disease may account for up to 5% of biopsy proven interstitial nephritis. The 
histopathological findings of TIN due to autoimmune disease are largely in common 
with those due to other causes such as drug induced or idiopathic. When disease 
presents acutely, edema, tubular injury, and cellular infiltrate are present; inflamma-
tion may be granulomatous. More chronic findings include a persistent cellular 
infiltrate, tubular atrophy, and interstitial fibrosis. Tubulointerstitial disease may be 
a secondary phenomenon, occurring in response to glomerular disease, or can occur 
in isolation. The pathogenesis of interstitial inflammation in the absence of glo-
merular disease is complex and incompletely understood, although there are several 
suggested pathogenic mechanisms involving both the innate and adaptive immune 
systems, which are common to many autoimmune and systemic diseases. These 
may include direct antibody-mediated damage, or immune complex deposition, 
with antibodies directed against an antigen located on or secreted by the tubules. 
Cellular immunity has also been shown to play a role; HLA subtypes are associated 
with various underlying diseases, and activated T cells are often present in inflam-
matory infiltrate. Dendritic cells are also likely to be important in pathogenesis by 
presenting tubular antigens to infiltrating T cells.
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2  Sarcoidosis

Sarcoidosis is a multi-system disorder of unknown etiology which is characterized 
by the presence of non-caseating granulomas. It has been described to occur at any 
age, but is most common in adults under the age of 50 years. It is slightly more com-
mon in females, and more common in certain ethnic groups, such as African- 
Americans and Scandinavians. The disease has also been described to affect certain 
ethnic groups more severely, with extra-thoracic manifestations more common in 
Puerto-Ricans, African-Americans, and Scandinavians.

The pathogenesis of sarcoidosis is incompletely understood; this may be in part 
due to the heterogeneity of the disease, and historically imprecise definitions used 
for diagnosis. Despite a large multi-center case-control study carried out by the 
National Institutes for Health (NIH) in the USA, no defined etiological agent, and 
no genetic locus for disease susceptibility has been identified. An infectious agent 
has been implicated as a trigger; presentation is more common in winter and early 
spring, and there are reports of community outbreaks suggesting disease is either 
spread person to person or by exposure to a common environmental agent. 
Mycobacterium spp and Cutibacterium acnes (formerly Propionibacterium acnes) 
are the most commonly implicated infectious agents. The transmission of sarcoid-
osis by solid organ transplant, including cardiac and lung, provides further evidence 
for an infectious etiology. Heavy metals and dust exposure have also been suggested 
as responsible agents, and exposure to metal dusts such as beryllium or zirconium 
can result in disease which is clinico-pathologically indistinguishable from sarcoid-
osis. It is suggested that phagocytosis and presentation of an unknown environmen-
tal antigen by macrophages and dendritic cells to CD4+ T cells then leads to TH1 
cytokine production, such as interleukin-(IL-)2 and interferon (IFN-)γ, and subse-
quent granuloma formation. Increased circulating IL-17 and TH17 positive cellular 
infiltrates in affected organs have been identified, but the full role of this axis has yet 
to be identified. Patients with sarcoid have been shown to have a decreased CD4:CD8 
T cell ratio in the peripheral blood due to sequestration of CD4+ cells in affected 
organs, and hypergammaglobulinemia due to generalized B cell hyperactivity is 
also common.

The respiratory tract is the commonest site of disease in sarcoidosis, with nearly 
all patients exhibiting pulmonary involvement at some point. Even those with pre-
dominantly extra-thoracic disease usually have evidence of subclinical pulmonary 

Table 1 Autoimmune diseases associated with TIN

More common Less common

Sarcoidosis Cryoglobulinemia
Systemic lupus erythematosus Primary biliary cholangitis
TINU Inflammatory bowel disease
Sjogren’s syndrome Idiopathic hypocomplementemic TIN
ANCA-associated vasculitis Relapsing polychondritis
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features. Outside the lungs, sarcoidosis can involve most organ systems including 
heart, skin, eyes, nervous system, liver, spleen, lymph nodes, bone marrow, salivary 
glands, joints, muscles, and genito-urinary tract. Hypercalcemia due to production 
of calcitriol by activated macrophages in granulomas is common. Sarcoidosis is a 
diagnosis of exclusion, and is based on suggestive clinical and radiological findings, 
the presence of non-caseating granulomas on biopsy, and the exclusion of other 
granulomatous disorders, particularly those due to infectious agents such as TB.

Kidney involvement leading to an impairment of excretory function in sarcoid-
osis is most commonly due to nephrocalcinosis, nephrolithiasis, and dehydration 
secondary to hypercalcemia. The presence of interstitial nephritis on kidney biopsy 
from a single case was first described in 1955 and has been identified in several 
subsequent small case series. Estimates of incidence vary widely and has been 
described to be 0.18% in one large biopsy case series. Subclinical disease is likely 
to be common however, as incidence of up to 40% is reported in post-mortem series. 
Glomerular involvement in sarcoidosis is rare; focal segmental glomerulosclerosis 
(FSGS), vasculitis, membranous nephropathy, mesangioproliferative GN (MPGN), 
and IgA nephropathy have all been described, but disease confined to the tubuloin-
terstitial compartment is more common. Most patients with interstitial nephritis due 
to sarcoidosis will also have systemic, extra-renal manifestations of disease although 
there are a few small case series describing patients with kidney limited disease. 
There are also cases whereby the identification of TIN has led to a subsequent diag-
nosis of sarcoidosis. As such, a proportion of cases which are diagnosed as idio-
pathic granulomatous TIN may be in fact due to a first presentation of sarcoidosis.

2.1  Pathology

The inflammatory infiltrate in TIN due to sarcoidosis is classically described to be 
confined to the kidney cortex but can also occur throughout the kidney parenchyma. 
In some studies cellular infiltrate is noted to be widespread, affecting >50% of the 
tissue. Granulomas are present in 70–80% of cases (Fig. 1). Sarcoid is described to 
be responsible for 28–50% of cases of granulomatous interstitial nephritis (gTIN) 
with the main differential diagnoses being drugs and TB. In keeping with sarcoid 
granuloma in other organs, T cells are mainly CD4+. An eosinophilic infiltrate is 
generally rare. Chronic features of tubular atrophy and fibrosis are common. The 
clinical features are variable. In one case series of 21 patients with sarcoid biopsied 
for AKI, only four patients had evidence of gTIN. However, others have reported 
series of patients with gTIN due to sarcoid in which all patients have derangement 
of excretory kidney function, including some patients in whom the indication for 
kidney biopsy was AKI. The most common urinary abnormality is moderate pro-
teinuria; sterile pyuria and microscopic hematuria may also be present. Serum ACE 
levels may be normal. Gallium scanning has been used to show foci of inflammation 
in the kidney; however this too may be normal.
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2.2  Treatment and Prognosis

Corticosteroid therapy is the main treatment strategy in patients with TIN and sar-
coidosis, with most case series reporting patients showing stabilization or improve-
ment of kidney function. In general, high dose corticosteroids (1 mg/kg up to 60 mg 
daily) are used followed by corticosteroid taper. Often patients will relapse upon 
rapid cessation of corticosteroid treatment, although this usually responds to a rein-
troduction of corticosteroids. Lifelong low dose corticosteroids may be required for 
patients with frequent relapses. There are isolated case reports of steroid sparing 
agents such as methotrexate, azathioprine, mycophenolate mofetil, or anti-TNF 
therapy being used with successful outcomes.

In general, kidney outcomes are good with over 85% of patients responding to 
corticosteroid treatment, including reports of patients requiring kidney replacement 
therapy (KRT) recovering independent kidney function. Patients with evidence of 
significant interstitial fibrosis or tubular atrophy on biopsy often respond less well 
to treatment. In a case series of native and transplant kidney biopsy findings, only 2 
of 2331 patients receiving a kidney transplant (over 10 years) had lost their native 
kidney function due to confirmed renal sarcoidosis. There is little evidence on the 
outcomes of kidney transplantation in patients whose native kidney disease was due 
to sarcoidosis; post-transplant recurrence was detected in one of the two patients in 
this series. In this case the biopsy was taken incidentally at time of hernia repair, and 
the patient had stable graft function. Another case series of 18 patients with sarcoid-
osis who underwent kidney transplant described recurrence of disease in five 
patients, with kidney involvement in three patients.

a b

Fig. 1 (a) High power and (b) Low power photomicrographs of kidney biopsy sections from 
patients with sarcoidosis showing a granulomatous tubulointerstitial nephritis. Images show mono-
nuclear cell infiltrate and large non-caseating granulomas (black arrows). (Image courtesy of Prof 
H. T. Cook)
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3  Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease associ-
ated with loss of tolerance to nuclear antigens and production of autoantibodies to 
them. Immune complex deposition occurs, leading to activation of complement and 
inflammatory cascades. Around 40% of patients with SLE have kidney disease at 
the time of diagnosis, and up to 60% may have kidney involvement at some point in 
their disease course. SLE is more prevalent in women of reproductive age, and in 
non-white individuals. Among those with SLE, younger age, male gender, and 
African, Asian or Hispanic ethnicity, are associated with increased likelihood of 
lupus nephritis (LN).

Lupus nephritis is classified histologically into five main types with differing 
pathology and clinical features. Tubulointerstitial involvement in LN is common 
and may be found in 50–70% of patients; however, classifications of LN focus pre-
dominantly on glomerular lesions. Tubulointerstitial damage has been associated 
with more severe glomerular lesions in LN in some but not all studies, and there are 
also reports of severe TIN occurring in the absence of glomerular disease. It is well 
recognized that tubulointerstitial damage can play an important role in predicting 
disease outcomes; in one study, 37% of patients with severe interstitial infiltrate 
progressed to kidney failure within 2 years.

3.1  Pathology

Lupus TIN may be a manifestation of a localized immune process, in contrast to the 
glomerular lesions which are thought to be dependent on systemic autoimmunity. 
Tubulointerstitial infiltrates in LN are often composed of B and T lymphocytes, 
including T follicular helper cells (TFH), and can undergo organization into struc-
tures resembling secondary lymphoid organs with a central core of follicular den-
dritic cells (DCs). There is some evidence that these lymphoid structures are 
functional, with local proliferation and perpetuation of the immune response occur-
ring in germinal centers. One study suggested that, in a small number of patients in 
whom repeat biopsy was available, these aggregates showed higher organizational 
structure over time despite immunosuppressive treatment. Immune complexes are 
often seen along the tubular basement membrane (TBM) and, in keeping with 
immune complexes found elsewhere in SLE, they are composed of IgG, IgM, C1q, 
C3, C5–9 and, rarely IgA. Some studies have suggested that immune complexes in 
the interstitium are associated with more severe inflammation, although this has not 
been confirmed in others.
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In keeping with the possibility of differing pathogenic mechanisms mediating 
disease in the glomerulus and tubulointerstitium, there are reports of different anti-
body isotypes between the two compartments in the same patient. One study has 
described that B cells in tubulointerstitial infiltrates appear antigenically restricted 
to cytoplasmic antigens, and identified vimentin, a filament protein secreted by acti-
vated macrophages, as the most common target. High serum anti-vimentin antibod-
ies were shown to correlate with severe tubulointerstitial infiltrate and identified a 
group of patients resistant to conventional treatments. Anti-vimentin antibodies 
have also been described in a number of other contexts, including autoimmune dis-
eases such as sarcoidosis, and transplantation rejection, suggesting that anti- 
vimentin antibodies may represent an immune response to chronic kidney 
inflammation in a number of settings. Other potential autoantibodies which may 
mediate the development of tubulointerstitial injury in lupus nephritis include 
dsDNA Ab, which have been shown to directly bind to and activate proximal tubular 
epithelial cells (PTEC), leading to pro-inflammatory cytokine production. 
Autoantibodies against acute phase proteins such as C reactive protein (CRP) and 
pentraxin 3 have also been identified and shown to correlate with tubulointerstitial 
damage, suggesting a potential role in lupus TIN.

3.2  Treatment and Prognosis

Cases of isolated TIN are too variable and insufficient in number to guide specific 
treatment strategies. In most cases corticosteroids have been used with improve-
ment in kidney function, although cases are also described where no treatment was 
used with improvement in kidney function, although not back to previous baseline. 
Where GN and TIN co-exist, treatment strategy is usually guided by the classifica-
tion of the glomerular disease. There are several studies showing that the degree of 
TIN in LN identifies patients at risk of progression to kidney failure to a greater 
degree than glomerular classification, leading some authors to suggest that patients 
with both GN and TIN should be treated with the most intensive therapeutic 
interventions.

4  Tubulointerstitial Nephritis and Uveitis

The syndrome of tubulointerstitial nephritis and uveitis (TINU) was first described 
by Dobrin in 1975 in two children who presented with acute kidney injury (AKI) 
due to eosinophilic TIN, together with uveitis, bone marrow granulomas, hyper-
gammaglobulinemia and an acute phase response. No underlying etiological agent 
was identified, and it was proposed as a new syndrome, termed TINU. Since then, 
there have been several reported cases and small case series, although granulomas 
are not always described as present. TINU is a diagnosis of exclusion, as other 
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conditions such as granulomatosis with polyangiitis, sarcoidosis, or toxoplasmosis 
may also be associated with TIN and uveitis. A recent systematic review identified 
592 patients with TINU described in the literature to date. Females were more com-
monly affected than males, and there were equal numbers of cases described in 
children and in adults.

The etiology of TINU has not been identified. There is likely genetic susceptibil-
ity to developing TINU; cases have been reported in monozygotic twins and sibling 
pairs. There are reported HLA associations including DRB1*14 and DQA1*01:04 in 
one series of 31 patients with TIN, 20 of whom had TINU. DRB1*0102, DQA1*01, 
and DQB1*05 have been identified in another series of 18 patients. It has been sug-
gested there is an infectious trigger to TINU as patients often have prodromal flu- 
like symptoms, and TINU has been diagnosed in patients with numerous infectious 
illnesses including TB, EBV, herpes zoster, HTLV, and campylobacter. Drug expo-
sure has also been implicated, including NSAIDs and antibiotics. TINU has also 
been reported in association with relapsing polychondritis.

Patients with TINU usually have prodromal flu-like symptoms of fever, malaise, 
arthralgia, and anorexia. Uveitis and ocular symptoms commonly occur after the 
onset of kidney disease and have been described to relapse. Uveitis is commonly 
bilateral and anterior, although all of the uveal tract may be affected. Patients with 
TINU often have evidence of AKI. Moderate proteinuria is common as is evidence 
of proximal tubular dysfunction. There are several case reports of Fanconi syn-
drome. Most patients have evidence of hypergammaglobulinemia and an acute 
phase response.

Diagnosis of TINU is currently a diagnosis of exclusion, although it has been 
suggested that serum Krebs von den Lunge-6 (KL-6) may be useful as a diagnostic 
marker; however one study has found it is not specific to TINU and that other causes 
of TIN may also result in increased levels. Differentiating TINU from sarcoid may 
be difficult, and some authors suggest that TINU represents an atypical or early 
presentation of sarcoidosis. Mandeville et  al. have developed diagnostic criteria 
using clinical features from 133 patients identified in 2001.

4.1  Pathology

There is some evidence that TINU is an autoimmune process. Many studies have 
suggested that an autoantibody against a common antigen in the renal tubular and 
ciliary epithelium may be responsible, and have demonstrated antibody deposition 
along the TBM.  Other studies, however, have only identified the presence of 
 deposited antibody along the TBM infrequently. Patients with TINU often have 
autoantibodies including ANCA, Rheumatoid factor, anti-GBM antibody, and 
ANA.  Antibodies against CRP have been identified in TINU and shown to co- 
localize with modified CRP in kidney and ocular tissue. HLA associations suggest 
that cellular immunity is important in the pathogenesis of TIN and there may be a 
skew to a TH1/TH17 axis. The interstitial infiltrate in TINU is predominantly CD3+ T 
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lymphocytes, with macrophages, plasma cells and eosinophils (Fig.  2). In some 
studies CD4+ cells have been shown to predominate and in others CD8+ cells. 
Tubulitis and interstitial edema is often present. Granulomas have been described in 
around 10% of cases.

4.2  Treatment and Prognosis

In keeping with other rare diseases, there is no evidence based protocol for the treat-
ment of TINU. Most cases are treated with oral glucocorticoids with taper based on 
response to treatment. Second line, a variety of different immunosuppressive agents 
have been used including methotrexate, cyclosporine, mycophenolate mofetil and 
cyclophosphamide. In general, responses to treatment are good, both in terms of the 
uveitis, and kidney disease. Excretory kidney function has been shown to improve, 
even in cases where the patient was receiving RRT. There are cases of progression 
to CKD, and systematic review has identified adult age at onset, and the presence of 
uveitis beyond the anterior chamber, as risk factors for this. There are reports of 
patients progressing to develop kidney failure but this is rare. Topical corticoste-
roids have been described as treatment for isolated uveitis when kidney disease is in 
remission. Uveitis often follows a relapsing-remitting course, and corticosteroid 
sparing agents may be required to avoid high cumulative glucocorticoid doses and 
resultant side effects.

5  Sjogren’s Syndrome

Primary Sjogren’s syndrome (pSS) is a progressive autoimmune disorder of the 
exocrine glands, characterized by lymphocytic infiltration, particularly of the sali-
vary and lacrimal glands. Patients typically present with sicca syndrome of dry eyes 
and dry mouth, which is present in >90% of cases. Extraglandular manifestations 

a b c

Fig. 2 Photomicrographs of kidney biopsy section from a patient with tubulointerstitial nephritis 
and uveitis. (a) Low power image showing widespread tubulointerstitial mononuclear cell infiltrate 
with separation of the tubules, tubular atrophy and interstitial edema. Red cell casts can be seen 
within tubular lumens. (b) High power image showing the presence of tubulitis. (c) 
Immunoperoxidase staining for CD3 identifying widespread infiltrate of CD3+ cells (brown stain-
ing). (Image courtesy of Prof H. T. Cook)
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are described in around 25% of patients and can occur in multiple organ systems, 
including TIN, interstitial lung disease, arthritis, cutaneous vasculitis and peripheral 
neuropathy. Approximately 5% of patients with pSS will develop lymphoma. 
Sjogren’s syndrome has one of the highest female: male imbalances of all autoim-
mune diseases, with a ratio of up to 15–20:1  in large studies. Those with non- 
European backgrounds are more commonly affected. Sjogren’s syndrome frequently 
co-exists with other autoimmune diseases, including SLE, rheumatoid arthritis, and 
systemic sclerosis. The most frequent age of clinical onset of disease is in the sixth 
decade, although the autoantibodies characteristic of disease are frequently present 
for many years prior to clinical onset.

The etiology of Sjogren’s syndrome is not fully understood but it is thought to be 
triggered by an environmental factor, likely to be a viral infectious agent, in a sus-
ceptible individual. A large GWAS study in patients of European ancestry has iden-
tified that HLA-DQB1, and polymorphisms in other loci involved in the innate 
immune response such as IRF5 and TNIP1, and adaptive immunity such as STAT4, 
BLK, IL12A and CXCR5, are associated with disease. Although many studies have 
suggested a role for a viral trigger in disease pathogenesis, no single viral trigger has 
been identified. Viruses, such as EBV often target salivary glands, and EBV DNA is 
localized in ectopic lymphoid tissue which is present in some patients with 
pSS. EBV DNA has been found in the renal tubules of patients with pSS, but also in 
cases of chronic TIN due to other causes, suggesting it may play a non-specific role 
in interstitial inflammation.

Sjogren’s syndrome is often referred to as an autoimmune epithelitis; epithelial 
cells are thought not only to be the target of an injurious response but also to per-
petuate the autoimmune response by presenting antigen. Epithelial cell activation 
and injury as a result of viral infection is thought to promote release of pSS associ-
ated autoantigens such as Ro and La, and chemokines/chemoattractants. This then 
leads to an influx of dendritic cells which secrete IFNα and other cytokines leading 
to influx of lymphocytes and secretion of B cell activating factors. Immune com-
plexes form which lead to a positive feedback loop maintaining production of IFNα. 
Type 1 interferon pathways have been shown to be implicated in pathogenesis in 
many studies; IFNα secreting cells are present in biopsy tissue and transcriptional 
analysis has identified an IFN signature in both biopsy tissue and the peripheral 
blood. The presence of circulating autoantibodies to the nuclear proteins Ro and La 
is a key diagnostic feature of pSS. However, these autoantibodies do not seem to 
play a directly pathogenic role beyond the formation of immune complexes leading 
to TLR and Fc receptor engagement and an IFNα response.

5.1  Pathology

Estimates of the incidence of kidney involvement vary widely between studies, 
likely due to differing definitions of disease, and its subclinical presentation in some 
cases. In some series it has been estimated to be as high as 40%. TIN is the most 
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common kidney lesion seen in pSS and is found in around 75% of patients who 
undergo kidney biopsy. The cellular infiltrate is predominantly CD4+ T cells with 
smaller numbers of CD8+ T cells and infrequent B cells. Tubular immune complex 
deposits are uncommon but when present have been described to co-localize with 
areas of tubular atrophy and fibrosis. Tubular dysfunction is common in pSS with 
renal tubular acidosis, Fanconi syndrome and nephrogenic diabetes insipidus all 
described. These conditions often do not correlate with the histological findings of 
TIN, and in some studies are more common in younger patients, or in those with 
CKD. A defect in urinary concentrating ability is the most common abnormality 
and is present in up to 80% of patients; distal RTA (dRTA) is the second most com-
mon abnormality, present in up to 70% in some studies. Patients with dRTA may be 
asymptomatic or present with hypokalemic symptoms including paralysis. Dynamic 
testing may be required for diagnosis when the dRTA is incomplete. Patients may 
also develop nephrocalcinosis or stone disease secondary to dRTA. Proximal tubu-
lar dysfunction is estimated to be present in 10–40% of patients, but full Fanconi 
syndrome is rare. Approximately 25% of patients will have evidence of GN, either 
in isolation or along with TIN. It is thought to occur later in the disease course than 
TIN, and GN is predominantly immune complex mediated, with MPGN due to 
cryoglobulinemia the most common histopathological lesion.

5.2  Treatment and Prognosis

A range of immunosuppressive agents have been used in pSS, with some assessed 
in randomized controlled trials; however none are of proven benefit. In case series 
of patients with TIN due to pSS, the majority of patients have been treated with 
corticosteroids, some with additional immunosuppressive agents. Cyclophosphamide, 
rituximab, azathioprine, and hydroxychloroquine have all been used in small num-
bers. CKD is common but kidney failure due to pSS is rare. Kidney outcomes are 
similar in patients with TIN compared to those with GN, but some case series have 
identified higher mortality in those with GN, possibly due to increased immunosup-
pression used in these patients. Patients may also need treatment for disorders of 
tubular function.

6  ANCA-Associated Vasculitis

The anti-neutrophil cytoplasm antibody (ANCA) associated vasculitides (AAV) are 
a group of rare systemic autoimmune diseases characterized by the presence of 
circulating ANCA to myeloperoxidase (MPO) or proteinase-3 (PR3) and the pres-
ence of necrotizing inflammation of small blood vessels. The three clinical syn-
dromes of AAV are granulomatosis with polyangiitis (GPA), microscopic 
polyangiitis (MPA) and eosinophilic GPA (EGPA) and there is wide variation in 
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clinical presentation both in organ involvement and disease severity. There are also 
cases of vasculitis limited to the kidney. There is a slight male preponderance in the 
incidence of AAV and incidence increases with age. Disease is much less common 
in non-Caucasian and non-Asian populations and clinical presentation varies 
between ethnic groups. There are well described genetic and environmental associa-
tions with AAV although its etiology is not fully understood. Large GWAS studies 
have identified HLA associations including HLA-DP (in patients with PR3-ANCA 
specificity) and HLA-DQ (in patients with MPO-ANCA specificity). Infection has 
been shown in several studies to precede disease relapse, and in patients with ENT 
disease nasal carriage of Staphylococci correlates with disease relapse. Molecular 
mimicry or anti-idiotype antibodies have both been suggested as potential 
mechanisms.

Anti-neutrophil cytoplasm antibodies have been shown to be directly pathogenic 
in several clinical and pre-clinical studies and can activate primed neutrophils and 
monocytes leading to ROS and cytokine production, NETosis and increased endo-
thelial adhesion. NETs in particular have been shown to be mediators of vascular 
damage but may also play a role in the loss of tolerance to ANCA antigens. There 
are many studies in preclinical models, and clinical studies, identifying a role for the 
complement cascade, particularly the alternative pathway.

6.1  Pathology

The main kidney histological lesion in AAV is that of a pauci-immune GN; glo-
merular disease has been classified into crescentic, focal, mixed, and sclerotic dis-
ease, which can be used to predict disease outcomes. Patients will often have 
interstitial inflammation associated with GN but isolated TIN is rare. Patients with 
GPA and EGPA may have granulomatous TIN and there is often an eosinophilic 
infiltrate (Fig. 3). In one case series of 63 patients with EGPA, 28 patients (44%) 
had evidence of GN accompanied by TIN, and 6 (9.5%) had isolated TIN. Three 
biopsies had evidence of granuloma formation. The TIN in this cohort was often 
significant, affecting >25% of the cortical area, and was predominantly eosino-
philic. In patients with MPA and GPA interstitial infiltrate has been described to be 
periglomerular, particularly around glomeruli with severe crescents or sclerosis. 
Infiltrate is described to be predominantly CD3+ T cells, with a predominance for 
CD8+ over CD4+ cells. B cells, CD68+ monocytes/macrophages, and neutrophils 
may also be present. Patients who are MPO-ANCA positive often have greater 
degree of tubulointerstitial inflammation or scarring.

Isolated TIN in patients with AAV other than EGPA is rare and there are only a 
small number of cases reported. Most of these cases were in patients with MPO- 
ANCA specificity, although there is a reported case of a PR3-ANCA positive patient 
with isolated TIN and granuloma formation. It has been suggested that peritubular 
capillaritis and tubulitis might lead to the interstitial infiltrate in cases with isolated 
TIN. Low affinity ANCA recognizing tubular antigens or direct tubular cell injury 
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by ANCA activated leucocytes have been suggested as potential mechanisms by 
others. There are also several cases described of TIN in AAV which may be of drug 
induced etiology, but where a role for AAV cannot be ruled out.

6.2  Treatment and Prognosis

In patients with co-existing GN and TIN, patients are treated based on their glo-
merular disease. Current treatment strategies are supported by the findings of sev-
eral high quality randomized controlled trials and usual treatment to induce 
remission is high-dose glucocorticoids and either rituximab or cyclophosphamide. 
Isolated TIN has in general been treated with less intensive regimens, usually corti-
costeroid monotherapy, although additional agents have been added in more severe 
cases. In most cases of TIN there is improvement in excretory kidney function.

a

b

Fig. 3 (a) 
Photomicrograph of kidney 
biopsy section from a 
patient with EGPA and 
eosinophilic 
tubulointerstitial nephritis. 
Widespread cellular 
infiltrate is seen with 
frequent cells with typical 
eosinophil morphology 
(Black arrow). (b) 
Photomicrograph of kidney 
biopsy section from a 
patient with MPA showing 
medullary angiitis with 
interstitial hemorrhage and 
polymorphonuclear 
leucocyte infiltration. 
(Image courtesy of Prof 
H. T. Cook)
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7  Other Autoimmune Diseases

Essential mixed cryoglobulinemia (EMC) is characterized by the presence of 
serum immunoglobulins which are capable of precipitating in the cold. Mixed cryo-
globulins are immune complexes formed of either monoclonal and polyclonal (type 
II) or polyclonal (type III) immunoglobulin. Hepatitis C infection is thought to 
account for 60–90% of cases in some populations but not all. In some populations 
Hepatitis C infection is the underlying cause in less than 40% of cases. In non- 
infectious cases, the predominant kidney lesion is MPGN, seen in over 90% of cases 
in one series. Over 50% of patients will have evidence of TIN, usually secondary to 
glomerular lesions, with lymphoid nodules present in some cases. The interstitial 
infiltrate in EMC is predominantly CD3+ T lymphocytes and monocytes. If hepati-
tis C infection is present then treatment is with anti-viral therapy. In non-infectious 
cases, where kidney involvement is serve, treatment is with corticosteroids and 
cyclophosphamide, or rituximab, sometimes with the addition of plasma exchange.

Primary biliary cholangitis (PBC) is an auto-immune cholestatic liver disease. It 
predominantly affects women in middle age and over 95% of patients have circulating 
anti-mitochondrial antibodies. It is characterized by T cell infiltration and destruction 
of small bile ducts leading to cholestasis, cirrhosis and liver failure. An infectious 
agent is thought to trigger disease, possibly via a mechanism of molecular mimicry. 
Distal RTA is common in patients with PBC, and is present in around 30% of patients 
with advanced liver disease. It is often of no clinical significance. A small number of 
cases of TIN associated with PBC have been described, sometimes in association with 
Fanconi syndrome; all cases were in female patients. TIN may be more likely to occur 
in the early phase of disease prior to the development of hepatic dysfunction or cir-
rhosis. Interstitial infiltrate is predominantly lymphocytic and can be severe. Some 
studies have also identified the presence of IgM+ plasma cells. Patients in most reports 
were treated with corticosteroids with the majority responding to treatment.

Inflammatory bowel disease (IBD) is of complex etiology and there is some 
debate as to whether it truly represents an autoimmune disease. A likely mechanism 
for disease is an altered response to the gut microbiome triggering chronic inflam-
mation and involving both the innate and adaptive immune system. Altered T cell 
function has been implicated in disease pathogenesis. Kidney disease is common in 
patients with IBD and is present in up to 25% in some case series. TIN in IBD may 
occur largely due to the use of 5-aminosalicylic acid (5-ASA), with all cases in one 
recent series demonstrating histological evidence of gTIN and prior exposure to this 
agent. However there are several reported cases of TIN in patients not receiving 
5-ASA, including in those who were treatment naïve and where kidney and bowel 
disease presented concurrently. In these cases, biopsy showed a predominantly lym-
phocytic infiltrate, often with granuloma formation. Some studies have suggesting 
cross-reacting T cell responses with a tubulointerstitial antigen may be mediating 
disease. Patients are usually treated with corticosteroids, often with an additional 
agent. Response to treatment is often limited, with several reported cases describing 
progression to kidney failure.
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Idiopathic hypocomplementemic interstitial nephritis is a rare autoimmune 
cause of isolated TIN. There is thought to be some overlap with IgG4-related dis-
ease, particularly in historically described cases, although there are case descrip-
tions which do not fulfil the criteria for IgG4RD. There are limited cases described 
in the literature, but patients are more likely to be male and in middle to older age 
groups. Kidney biopsy demonstrates tubular basement membrane IgG, and often 
C3, deposition with lymphocytic interstitial infiltrates. Treatment is usually with 
corticosteroids and patients often have significant kidney impairment which pro-
gresses despite treatment.

8  Conclusions

Tubulointerstitial nephritis can be found in a diverse range of systemic autoimmune 
diseases and there may be common immunopathological mechanisms which under-
lie its development. In patients with autoimmune disease there should be a high 
index of suspicion for TIN as early disease may be asymptomatic and kidney biopsy 
is needed to confirm the diagnosis. Most cases are treated with corticosteroids, 
sometimes with steroid sparing agents. Response to treatment is variable and differs 
between underlying conditions.
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IgG4-Related Tubulointerstitial Kidney 
Disease
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1  Overview of IgG4-Related Disease (IgG4-RD)

IgG4-related disease (IgG4-RD) is a systemic immune-mediated process that was 
first recognized as an IgG4-associated process in the pancreas (autoimmune pan-
creatitis). The inflammation can cause a variety of signs and symptoms also depend-
ing upon which organ system is involved. Most patients have a multi-organ disease 
process. Wallace et al. have recently described and proposed four disease pheno-
types: those affected by (1) pancreato-hepato-biliary disease, (2) retroperitoneal 
fibrosis and/or aortitis, (3) head and neck-limited disease, and (4) classic Mikulicz 
syndrome (i.e., symmetric enlargement of the lacrimal and major salivary glands) 
with systemic involvement. Kidney involvement occurred most commonly (36%) 
as part of the Mikulicz syndrome phenotype, and least commonly (7%) in the head 
and neck-limited disease phenotype. The stereotypical patient is a middle-age to 
older man. Wallace et al. are also the authors of the most recent guidelines for the 
diagnosis of IgG4-RD: “The 2019 American College of Rheumatology/European 
League Against Rheumatism Classification Criteria for IgG4-Related Disease”. In 
addition to inclusion criteria, this classification includes absolute clinical, sero-
logic, radiologic, and pathologic exclusion criteria, with the goal of reducing 
misdiagnosis.

The histology of IgG4-RD encompasses the different organs possibly involved. 
There are three major histologic features recognized as characteristic of IgG4-RD, 
regardless of the location, and those are (1) a dense lymphoplasmacytic infiltrate, 
(2) a background of “storiform” fibrosis, and (3) obliterative phlebitis in organs 
where large veins are present within the parenchyma. In the right clinical context, 
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the presence of at least two of these three findings would support IgG4-RD. However, 
there is variability among solid organs and in some, such as lungs, and lacrimal and 
minor salivary glands, this typical histology may not be present.

The prevalence of IgG4-RD is still difficult to assess and is probably underesti-
mated due to the challenge of recognizing it; however, awareness among health care 
providers and suspicion and identification of the condition are increasing, likely 
allowing a more realistic epidemiologic assessment in the future.

2  IgG4-Related Kidney Disease (IgG4-RKD)

The kidney is a frequently involved organ (IgG4-related kidney disease, IgG4- 
RKD), reported in approximately 25% of the cases, in a context of a systemic dis-
ease as well as a single-organ condition. The most common pattern of injury seen in 
IgG4-RKD is a plasma cell-rich tubulointerstitial nephritis (IgG4-TIN). The pro-
cess can cause mass-like foci of inflammation and fibrosis. Normal kidney paren-
chyma may be present between the single foci. Primary glomerular involvement has 
been reported, particularly in the form of IgG4-related membranous glomerulone-
phritis. Although the main topic of this chapter will be IgG4-TIN, membranous 
glomerulonephritis will be briefly discussed. Occasionally, retroperitoneal fibrosis 
and/or aortitis at the level of the kidney/ureters can also be associated with obstruc-
tive uropathy with associated acute kidney injury (AKI).

3  Clinical Manifestations of IgG4-RKD

A variety of clinical signs and symptoms can characterize IgG4-RKD. Most com-
monly, kidney dysfunction is the initial manifestation; this may be acute or chronic. 
Patients may present with kidney mass lesion(s) with or without accompanying 
kidney dysfunction. Less commonly, proteinuria (due to membranous glomerulone-
phritis) prompts further clinical evaluation. Depending upon which kidney compart-
ment is mostly affected, clinical findings may be different.

3.1  IgG4-Tubulointerstitial Nephritis

IgG4-RKD more often involves the tubulointerstitial compartment and patients can 
present with electrolyte imbalances and metabolic acidosis, which can all be part of 
the spectrum of signs and symptoms of IgG4-TIN. Hypocomplementemia can also 
be detected, and occurs more commonly with IgG4-TIN than when other organs are 
involved by IgG4-RD.
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3.2  IgG4-Related Membranous Glomerulonephritis

When primary glomerular involvement is present (as the only finding or with con-
current IgG4-TIN), the most common pattern of injury is membranous glomerulo-
nephritis, which in this disease is termed IgG4-related membranous 
glomerulonephritis (IgG4-MGN). Patients will likely present with increased serum 
creatinine and nephrotic range proteinuria with or without nephrotic syndrome. 
Importantly, PLA2R antibodies, positive in many cases of primary membranous 
glomerulonephritis, are generally not detected in IgG4-related MGN. In both condi-
tions, a kidney biopsy is warranted to establish the diagnosis. Although often 
detected, increased serum IgG4 may not be present at the time of clinical presenta-
tion or kidney biopsy, and increased IgG4 is not specific for IgG4-related disease. 
Approximately 30% of patients with IgG4-RKD have a positive ANA, but this is 
usually low titer. ANCA (anti-MPO or anti-PR3) positivity is an exclusion criterion 
for IgG4-RD.

Kidney dysfunction may not be the initially observed abnormality bringing the 
patient to the clinician’s attention. Occasionally, imaging studies performed for 
other reasons could reveal a mass-forming lesion in the kidney. In these instances, 
the suspicion of a malignancy leads to the kidney biopsy. Impaired kidney function 
may or not be present when kidney lesions/abnormalities due to IgG4-TIN are 
detected by imaging. For a more detailed description of possible radiological find-
ings in the setting of IgG4-TIN, we refer the reader to the following section entitled 
“Radiologic findings in IgG4-TIN”. Note that, the classical radiological features 
discussed here are due to the expansile nature of the abundant interstitial fibrosis 
characterizing IgG4-TIN; thus, if IgG4-RKD is limited to the glomerulus (i.e. IgG4- 
related MGN), imaging might not be contributory. Also, the ability to appreciate 
renal parenchyma lesions by imaging studies implies a more florid and extended 
interstitial process. The absence of radiologic abnormalities does not exclude a 
diagnosis of IgG4-TIN.

As already mentioned, many patients (approximately 80%) with kidney involve-
ment will likely have additional organ(s) affected and possibly symptomatic. At the 
time of kidney biopsy, having up to 2–3 additional organs involved is very possible. 
Pancreas, liver/biliary tracts, and retroperitoneal region are common other sites 
affected.

4  Radiologic Findings in IgG4-TIN

More than half of patients with IgG4-RKD have kidney abnormalities on imaging 
studies. Of the cases that show radiographic abnormalities, contrast-enhanced com-
puted tomography and magnetic resonance are about equal in detecting the charac-
teristic features of IgG4-TIN. Recognized findings include multiple and bilateral 
low-density lesions, mostly localized superficially in the renal cortex. These lesions 
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have been further classified according to four patterns: small nodules (<1 cm), well- 
defined or ill-defined round lesions (Fig.  1), well-defined wedge-shaped lesions 
(Fig. 2) or diffuse patchy distribution. Sometimes, one of the lesions dominates over 
the others causing a mass effect and distorting the renal contour. Besides direct 
kidney involvement, “pararenal” signs have also been observed, such as a rim of 
soft tissue surrounding the kidney, bilateral renal sinuses nodules and diffuse thick-
ening of the renal pelvic wall.

5  The Spectrum of the Pathology of IgG4-RKD

Based upon the compartment/s affected, IgG4-RKD can have multiple different his-
tological findings.

5.1  Tubulointerstitial and Vascular Involvement

IgG4-TIN is a plasma cell-rich TIN characterized by variable degrees of interstitial 
inflammation associated with an expansile fibrotic process. Figure  3(a–c) shows 
these peculiar features that can be appreciated on light microscopy. The inflamma-
tion is usually composed of mononuclear cells, some eosinophils and abundant 
polytypic plasma cells. The fibrosis, sometimes so-called “storiform” for its pecu-
liar pattern of growth, pushes the atrophic tubules apart from each other and destroys 
some of them while expanding. The interstitial stromal cells are spindled cells that 
can form fascicles and on high-power may show mild nuclear atypia. For these rea-
sons, it may be hard to distinguish IgG4-TIN from a heavily inflamed inflammatory 

Fig. 1 This CT abdomen 
with contrast shows a 
round low density in the 
left kidney (within the 
circle). (Courtesy of Dr. 
Naoki Takahashi, Mayo 
Clinic)
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Fig. 2 This CT abdomen 
with contrast shows a 
wedge-shaped low density 
in the right kidney (within 
the circle). (Courtesy of 
Dr. Naoki Takahashi, 
Mayo Clinic)

a b

c

Fig. 3 Classic histological features of IgG4-TIN. Part a shows the expansile interstitial fibrosis 
admixed with inflammation and associated with atrophic tubules with thickened basement mem-
brane. Appreciable is the spindly appearance of this interstitial process. Part b is a high-power view 
that highlights the plasma cell component of the interstitial inflammatory process. Part c shows 
foci of mononuclear cell tubulitis (all pictures are PAS stain)
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myofibroblastic tumor (IMT), particularly in a needle core biopsy. IMTs will not 
have abundant IgG4-positive plasma cells within their inflammatory infiltrate and 
many will show positive cytoplasmic/membranous staining with anaplastic lym-
phoma kinase (ALK) immunostain (reflecting an ALK-1 rearrangement). This dif-
ferential diagnosis is important to keep in mind, also to recall how exuberant the 
tumor-like growth pattern of the interstitial fibrosis can be in IgG4-TIN. Imaging 
might also be helpful in distinguishing between IgG4-TIN and IMT (multiple ver-
sus single lesion, respectively).

In addition to the variable degree of interstitial inflammation, lymphocytes and/
or plasma cells have been observed infiltrating the tubular epithelium (lymphocytic 
and plasma cell tubulitis, respectively), in most cases.

Vascular involvement is present in IgG4-RD.  Obliterative phlebitis has been 
described in kidney specimens that contain larger veins, although phlebitis is very 
uncommon in IgG4-TIN. The kidney is an exception in that, within the parenchyma, 
there are no large veins. However, a few arteries are usually sampled even within a 
needle core biopsy and arteritis may be identified. Indeed, Sharma et al. reported a 
case of IgG4-TIN with severe plasma cell-rich arteritis. As distinct from ANCA- 
associated vasculitis, fibrinoid necrosis/karyorrhectic debris of the arterial wall is 
not present in IgG4-plasma cell arteritis.

To support the diagnosis of IgG4-TIN, immunohistochemical studies with IgG 
and IgG4 stains are essential (Fig.  4a, b). The proposed diagnostic criteria from 
Raissian in 2011 include a moderate increase number of IgG4-positive plasma cells, 
greater than 10/high-power field, in the most concentrated field. This may translate 
into an increased IgG4/IgG plasma cell ratio (>40%); however, there is yet no estab-
lished cut off for the IgG4/IgG ratio in the kidney as has been proposed in other 
organs. The final diagnosis should be based on the constellation of histological, 
radiological, laboratory, and clinical findings. Other inflammatory conditions that 

a b

Fig. 4 IgG and IgG4 immunohistochemistry in a case of IgG4-TIN. Part a shows a high-power 
view of a field rich in IgG-positive plasma cells (approximately 70–80/HPF). The same field is 
represented in part b and stained with IgG4. The number of IgG4-positive plasma cells is greater 
than 10/HPF; the IgG4/IgG ratio is approximately 20%. This finding should be interpreted in con-
junction with histological, radiological, clinical and/or laboratory data
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can cause increased IgG4+ plasma cells– in particular ANCA associated interstitial 
inflammation – need to be excluded before making a diagnosis of IgG4-TIN.

On immunofluorescence, there are numerous immune complex deposits (mani-
fest as granular staining) along the tubular basement membranes that stain for IgG, 
kappa and lambda, usually with lesser staining for C3 (Fig. 5). Trace/weak granular 
staining with C1q, IgM and IgA can also be occasionally appreciated. After per-
forming IgG subclasses, the deposits show dominant staining with IgG4 with vari-
able intensity of the remaining subclasses. Immune complex deposits may be seen 
in the interstitium and Bowman’s capsule, but usually in IgG4-TIN the glomeruli 
have no deposits. Electron microscopy will confirm the presence of amorphous 
electron-dense immune deposits in the thickened tubular basement membranes and 
interstitium (Fig. 6).

The differential diagnosis of IgG4-TIN is broad and includes IMT, as previously 
discussed. There are other histological entities that can show increased IgG4-
positive plasma cells in the interstitium. ANCA-associated granulomatosis with 
polyangiitis (GPA) can be mass-forming and can have an increased number of 
IgG4-positive plasma cells as well as dense interstitial fibrosis. However, different 
from IgG4-TIN, necrosis and karyorrhectic debris are often seen in GPA (in the 
interstitium and/or arterial walls) and there are no tubulointerstitial immune com-
plex deposits. Multicentric Castleman disease is often seen in immunocompromised 
patients (HIV-positive) and it is associated with HHV-8 infection; it can have an 
increased number of IgG4-positive plasma cells but the expansile fibrosis and the 
tubulointerstitial immune deposits would not be present. The entity known as 

a b

c d

Fig. 5 Immunofluorescence findings in IgG4-TIN. Parts a–d illustrate granular immune deposits 
along the thickened tubular basement membranes. In the background, interstitial immune deposits 
can also be appreciated. (All pictures taken at 40×)
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idiopathic hypocomplementemic interstitial nephritis, described before IgG4-TIN 
was recognized, likely represents IgG4-TIN. Other disease processes in the differ-
ential diagnosis of IgG4-TIN are: Sjogren syndrome-associated TIN, which does 
not usually show increased IgG4-positive plasma cells but will sometimes have 
tubular basement membrane immune deposits; lupus nephritis may present with 
tubular basement membrane immune deposits but is usually associated with glo-
merular (mesangial and/or capillary wall) deposits as well, and is not characterized 
by the expansile fibrosis; chronic pyelonephritis can present as a mass on imaging 
studies but histologically will likely show many neutrophils within the interstitial 
inflammatory infiltrate as well as possible neutrophilic casts; lymphoma could also 
present as a mass, however, monoclonality by immunohistochemistry and/or molec-
ular testing will support such a diagnosis over IgG4-TIN. Although rare, syphilitic 
infection of the kidney could also be considered in the differential, as it may be 
associate with a plasma cell-rich mononuclear cell interstitial nephritis, interstitial 
fibrosis and membranous nephritis. However, there should be very few IgG4-
positive interstitial plasma cells and no tubulointerstitial immune deposits. Other 
infectious processes, such as HIV, and drugs should also be in the differential of 
IgG4-interstitial nephritis.

5.2  Glomerular Involvement

The most common glomerular disease in IgG4-RD is IgG4-related MGN. On light 
microscopy, findings overlap with primary membranous nephropathy and are those 
of thickened glomerular basement membranes with subepithelial immune deposits 
seen with special stains (negative on silver, “pinholes”, and fuchsinophilic on 

a b

Fig. 6 Electron-dense amorphous tubular basement membrane deposits. Part a shows lower 
power view of the electron-dense deposits along the thickened tubular basement membrane. Part b 
is a high-power view that highlights no substructure
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trichrome). On immunofluorescence studies the subepithelial deposits stain for IgG, 
C3, kappa, and lambda, and can be IgG4-dominant, identical to primary (idiopathic) 
membranous nephropathy. IgG4-related MGN may or may not occur in conjunction 
with IgG4-TIN. The differential diagnosis includes primary or other forms of sec-
ondary MGN; clinical correlation becomes extremely important.

6  Treatment and Prognosis of IgG4-RKD

All symptomatic patients should undergo treatment. If not contraindicated, steroids 
(prednisone) alone are generally the first approach to induce remission. The vast 
majority of patients show a brisk response with improvement of symptoms, radio-
graphic features, and laboratory findings. If a multi-drug approach is needed, immu-
nosuppressants and/or biologic agents (i.e. azathioprine, mycophenolate mofetil, 
and rituximab) should be added. The duration of the treatment depends upon the 
clinical response, and remission is obtained when there are resolution of symptoms 
and improvement/normalization of the laboratory and radiologic alterations. 
Maintenance therapy could be adopted (with glucocorticoid or with a steroids-free 
protocol), as relapsing disease is a well-known complication after discontinuation 
of treatment. However, there is no consensus in this regard. If a patient is or becomes 
refractory to the therapeutic approach chosen, different immunosuppressants and 
combinations can be attempted.

The prognosis of IgG4-RKD is variable. The severity of the fibrosis has been 
proposed to play a role, as it has been shown in the salivary glands and an earlier 
intervention can improve the outcome. Still, even in patients with IgG4-TIN and 
severe interstitial fibrosis and tubular atrophy on kidney biopsy show a response to 
steroid or other immunosuppressive treatment. Transplant is a consideration in end- 
stage kidney disease due to IgG4-RKD. Recurrence of IgG4-TIN post-transplant is 
rare: there has been only one observed and reported case of recurrent IgG4-TIN in 
the kidney transplant, and this occurred in the setting of chronic antibody-mediated 
rejection, and so this may have been the result of under-immunosuppression.

7  The Pathogenesis of IgG4-RD

The immunopathogenesis of IgG4-RD includes the important role played by the 
B-cells. It has been shown that there is an oligoclonal expansion of a subset of cir-
culating plasmablasts with an activated phenotype, along with production, expres-
sion, and secretion of IgG4. These cells are generated in a T-cell-dependent manner 
and show enhanced somatic hypermutation within heavy chain variable and frame-
work regions. Pillai et al. illustrated a possible model of pathogenesis. The hypoth-
esis is that after exposure to some still-to-be-identified antigen, cytotoxic CD4+ and 
CD8+ T-cells and activated B-cells/plasma cells infiltrate the tissue, perpetuating an 
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exaggerated inflammatory response. In this context of tissue damage, the B-cells 
may start presenting self-antigens on specific HLA class II molecules to the cyto-
toxic CD4+ and CD8+ T-cells which would be reactivated at tissue site. Finally, the 
polarized T-cells would induce apoptotic cellular death, and the secretion of cyto-
kines by these immune cells would induce healing fibrosis. Circulating T follicular 
helper-2 cells seem to be involved in IgG4 class-switching of the B-cells through 
the production of interleukin-4. Interestingly, the IgG4 molecules are thought to be 
recruited to downregulate the inflammation; they weakly activate the complement 
cascade and do not participate to antibody-dependent cell-mediated cytotoxicity. 
The specificity of the HLA class II molecule would explain the propensity of only 
some subjects to develop IgG4-RD. The inflammation and autoimmunity specu-
lated could explain the well-documented response of IgG4-RD to steroids and other 
immunosuppressant drugs, as well as the relapse once the therapy is withdrawn. 
Also, this disarray of immunity could explain some propensity to develop other 
autoimmune or chronic allergic processes. Many questions remain and deserve fur-
ther investigation, including why and how this disease forms inflammatory mass 
lesions with peculiar fibrosis, what are the antigens involved in disease pathogene-
sis, and what is the role of tissue immune complex deposits and IgG4 in this disease.
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Anti-Brush Border Antibody (ABBA)-
Associated Tubulointerstitial Disease

Laurence Beck and Tiffany Caza

Antibodies against components of the proximal tubular brush border have played a 
major role in experimental models of immune-complex mediated kidney disease. In 
particular, the Heymann nephritis model of membranous nephropathy was gener-
ated by immunizing Lewis rats against homogenates of brush border extract. The 
antibodies produced after immunization against brush border, in particular to a sub-
fraction known as Fx1a, were found to primarily target the brush border antigen 
gp330, now better known as megalin. In the rat, megalin is expressed by the glo-
merular podocyte as well as by proximal tubular brush border, presenting a target 
for circulating antibodies within the glomerulus that led to the subepithelial deposits 
characteristic of membranous nephropathy. Although these anti-megalin antibodies 
also targeted proximal tubule, this experimental model proved most useful for the 
understanding of the glomerular mechanisms leading to the nephrotic syndrome.

Megalin, more formally known as low-density lipoprotein (LDL)-related protein 
2 (LRP2), is a transmembrane receptor that, in a complex with cubilin (CUBN), is 
responsible for the endocytic uptake of multiple ligands by the proximal tubule. 
This 517  kDa glycoprotein has a very large extracellular domain that can bind 
diverse proteins such as albumin, lipoproteins, and vitamin-binding proteins. 
Dysfunction of the megalin-cubilin complex results of loss of albumin and other 
proteins into the urine due to deficient proximal tubular resorption. Mice geneti-
cally  deficient for megalin exhibit defective tubular function and proteinuria.  
Human genetic mutation involving LRP2 causes the Donnai-Barrow or 
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facio-oculo-acoustico-renal (DB/FOAR) syndrome associated with proteinuric 
 disease and developmental abnormalities while genetic mutation involving CUBN 
causes Imerslund-Gräsbeck syndrome (IGS) or selective vitamin B(12) (cobalamin) 
malabsorption with proteinuria.

Once megalin was identified as the antigenic target in the experimental model of 
membranous nephropathy, focus shifted to humans to see if there was any evidence 
for anti-megalin or anti-brush border antibodies. Two case reports from this period 
documented evidence of kidney disease associated with antibodies reactive with 
proximal tubular brush border, in a 34-year-old male with proteinuria and a 59-year- 
old male with kidney failure and a thymic tumor. Of note, both revealed segmental 
glomerular deposits as well as more uniform IgG- and C3-containing deposits in 
Bowman’s capsule. Despite these intriguing cases, it was quickly determined that 
the majority of human membranous nephropathy could not be explained by anti-
bodies to megalin, and there were no further descriptions of similar cases.

Decades later, and after the major target of human membranous nephropathy was 
found to be the phospholipase A2 receptor, Rosales and colleagues described a 
73-year-old male with rapidly-progressive kidney disease who was found to have 
tubulointerstitial nephritis with acute tubular injury, loss of proximal tubular brush 
border, and TBM deposits. Similar to the 1981 cases, this patient had some features 
of membranous nephropathy with segmental subepithelial deposits along glomeru-
lar capillary loops. The patient required hemodialysis and never recovered kidney 
function despite corticosteroid treatment. Four years later, the patient received a 
kidney transplant. Remarkably, within 7 weeks of transplantation, the same patho-
logic process occurred with the same features on biopsy. Pre- and post-transplant 
serum specimens reacted strongly with brush border by indirect immunofluores-
cence for IgG, suggesting the presence of circulating antibodies to a component of 
tubular brush border. Preliminary investigations did not identify the target antigen.

It was not until a detailed analysis of a cohort of similar cases was performed that 
the target antigen in anti-brush border antibody disease was identified to be LRP2. 
In this study, serum from several representative cases revealed IgG4 reactivity with 
a large protein present in extracts from human kidney cortex. Mass spectrometric 
analysis of candidate bands immunoprecipitated by human IgG suggested LRP2 as 
a likely target. Autoantibodies to LRP2, particularly to the N-terminal region of the 
protein, were found in the majority of cases. Co-localization of IgG and LRP2 by 
confocal immunofluorescence imaging showed that the IgG within TBM deposits 
co-localized with LRP2 only in this particular disorder and not in other pathological 
entities that can also show IgG-containing TBM deposits such as lupus nephritis, 
IgG4-related systemic disease, or BK polyomavirus nephropathy.

Common clinical and histopathologic features became evident from this case 
series. The ten patients were elderly with a mean age of 73 and the majority were 
male. They presented with acute kidney injury and sub-nephrotic levels of protein-
uria. Fifty percent progressed to end-stage kidney disease.

There is a spectrum of histopathologic severity in anti-brush border antibody 
disease, with the predominant finding being acute (Fig. 1a) or protracted tubular 
injury (Fig. 1b) without significant associated inflammation. Immunofluorescence 
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Fig. 1 Histopathology of tubular injury in anti-brush border antibody disease. (a) Acute tubular 
injury and interstitial edema, H & E, scale bar = 50 μm (b) Protracted pattern of tubular injury 
showing interstitial fibrosis separating simplified tubular profiles, Masson-Trichrome, scale 
bar = 100 μm (c) Immunoglobulin staining of the proximal tubular brush borders and tubular base-
ment membranes, scale bar = 50 μm (d) LRP2 immunofluorescence within tubular basement mem-
brane deposits, scale bar = 20 μm (e) IgG seroreactivity against proximal tubular brush borders by 
indirect immunofluorescence, scale bar = 50 μm (f) Normal human serum lacks IgG reactivity 
against proximal tubular brush borders, scale bar = 50 μm

Anti-Brush Border Antibody (ABBA)-Associated Tubulointerstitial Disease
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for IgG, kappa light chain, and lambda light chain shows granular TBM deposits 
and is positive along the proximal tubular brush borders (Fig. 1c). LRP2 staining is 
positive within TBM deposits along the same distribution as IgG (Fig. 1d). Patient 
sera shows reactivity against the proximal tubular brush borders in the same distri-
bution as IgG on biopsy (Fig. 1e), while normal human serum does not highlight 
brush borders (Fig. 1f).

In addition to tubulointerstitial injury, a majority of patients have glomerular 
involvement with deposition of IgG immune complexes along the glomerular base-
ment membranes (Fig.  2a) and along Bowman’s capsule (Fig.  2b). A segmental 
membranous glomerulopathy is frequently present with subepithelial IgG immune 
deposits within some capillary loops (Fig. 2c, d, f). LRP2 is seen only rarely within 
the glomerular capillary loop deposits (Fig. 2e), with negative staining along glo-
merular capillaries in the majority of cases. It is plausible that a lack of staining 
could result from steric hindrance of existing autoantibodies and commercial anti- 
LRP2 antibodies or owing to the low expression level of LRP2 in podocytes.

A number of additional cases have been reported in the literature since this initial 
series, which have often shown disparate clinical presentations and collisions with 
other concurrent kidney diseases. While a majority of biopsies in the initial series 
demonstrated acute or protracted tubular injury without significant interstitial 
inflammation, cases of anti-LRP2 nephropathy have now been reported in the set-
ting of acute interstitial nephritis (AIN), including plasma cell rich AIN mimicking 
IgG4-associated kidney disease. There are two reported cases of anti-LRP2 
nephropathy in association with low-grade B-cell lymphomas (small lymphocytic 
lymphoma and lymphoplasmacytic lymphoma). Anti-LRP2 nephropathy has also 
been observed in the setting of lupus nephritis and minimal change disease. It is 
plausible that proteinuria may be necessary for autoantibodies to access the luminal 
brush border, which might explain collisions of ABBA with other proteinuric kid-
ney diseases.

The optimal treatment for anti-LRP2 nephropathy has not been defined and we 
are limited to anecdotal reports as to the success or failure of immunosuppressive 
therapy. Since it is assumed that the autoantibodies are directly pathogenic and lead 
to acute tubular injury and rapid loss of kidney function, treatments that can most 
quickly lead to autoantibody depletion should be considered. Corticosteroids alone 
do not seem to slow the disease process. Regimens with anti-B cell agents such as 
rituximab or pulse corticosteroids with alkylating agents have shown some limited 
success. A decline and disappearance of anti-LRP2 antibody titer (immunologic 
remission) was associated with stabilization of kidney function after treatment with 
corticosteroids and cyclophosphamide. Treatment with rituximab in the case associ-
ated with chronic lymphocytic leukemia resulted in stabilization of kidney function 
and a drop in ABBA titer.

Antibodies to other tubular elements can also rarely cause a tubulointerstitial 
nephritis. A 2016 report describes antibodies to the collecting-duct specific aquapo-
rin 2 that led to tubulointerstitial nephritis. The prevalence of this type of anti- 
tubular disease is unknown. Another entity is anti-TBM disease, of which the target 
is the ‘tubulointerstitial nephritis antigen’. It is identified by linear IgG, kappa, and 
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Fig. 2 Histopathologic characteristics of glomerular involvement in anti-brush border antibody 
disease. (a) IgG highlighting glomerular and tubulointerstitial deposits, scale bar = 50 μm. (b) 
Granular IgG staining along Bowman’s capsule, scale bar = 20 μm. (c) Capillary loop ‘holes’, 
Jones methenamine silver, scale bar = 20 μm. (d) Segmental distribution of IgG staining along 
glomerular capillary loops, scale bar  =  20 μm. (e) LRP2 immunostaining segmentally present 
along the glomerular basement membranes, Bowman’s capsule, and along tubular basement mem-
branes, scale bar = 20 μm. (f) Electron photomicrograph displaying subepithelial electron-dense 
deposits

Anti-Brush Border Antibody (ABBA)-Associated Tubulointerstitial Disease
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lambda light chain staining is along the TBM of the proximal tubules. This disease 
is rare but has been reported in both adults and children and can have concurrent 
glomerular deposits (Bowman’s capsule and subepithelial), similar to ABBA. There 
are additional autoimmune tubulointerstitial kidney diseases with TBM deposits, 
including idiopathic hypocomplementemic tubulointerstitial nephritis, tubulointer-
stitial nephritis in graft-versus-host disease, IgG4-related kidney disease, and lupus 
nephritis, for which the antigenic targets are largely unknown.

In summary, anti-brush border antibody disease or anti-LRP2 nephropathy is a 
disease of unclear prevalence that can be associated with rapid progression to end- 
stage kidney disease. As it more commonly occurs in the elderly, who may be less 
likely to undergo kidney biopsy, it may be underdiagnosed. Biopsy features that 
should raise suspicion for anti-LRP2 nephropathy include the presence of TBM 
immune deposits in association with both Bowman’s capsule and segmental glo-
merular subepithelial deposits, especially when accompanied by proximal tubule 
brush border IgG positivity. Serum reactivity to proximal tubule brush border on 
normal kidney sections is typically present, and the finding of circulating anti-LRP2 
or the presence of LRP2 within tubular deposits is diagnostic. When feasible, treat-
ment should be directed at reducing antibody levels through the use of immunosup-
pressive agents that can target B cells.

Suggested Reading

Beck LH Jr, Bonegio RG, Lambeau G, Beck DM, Powell DW, Cummins TD, Klein JB, Salant 
DJ. M-type phospholipase A2 receptor as target antigen in idiopathic membranous nephropa-
thy. N Engl J Med. 2009;361(1):11–21. https://doi.org/10.1056/NEJMoa0810457. PMID: 
19571279; PMCID: PMC2762083.

Caliskan Y, Caza T, Mosman A, Elawa U, Philipneri M, Martin K, Bastani B.  A case of 
immune complex mediated tubulointerstitial disease and nephrotic syndrome: anti LRP-2 
Nephropathy with diffuse podocyte effacement. J Nephrol. 2020. https://doi.org/10.1007/
s40620-020-00762-9. Epub ahead of print. PMID: 32472527.

Campbell RE, Uhlenhopp D, Shaw M, Dai DF, Sekar A. Anti-brush border antibody (ABBA)-
associated renal disease. QJM. 2020;113(8):561–2. https://doi.org/10.1093/qjmed/hcaa015. 
PMID: 31995201; PMCID: PMC7825481.

Christensen EI, Birn H. Megalin and cubulin: synergistic endocytic receptors in renal proximal 
tubule. Am J Phys. 2001;280:F562–73. https://doi.org/10.1152/ajprenal.2001.280.4.F562. 
PMID: 11249847.

Dinesh KP, Raniele D, Michels K, Avasare RS, Larsen CP, Kayton R, Khalighi MA, Andeen 
NK.  Anti-LRP2 nephropathy with abundant IgG4-positive plasma cells: a case report. Am 
J Kidney Dis. 2019;74(1):132–7. https://doi.org/10.1053/j.ajkd.2018.12.039. Epub 2019 Mar 
12. PMID: 30876746.

Douglas MF, Rabideau DP, Schwartz MM, Lewis EJ.  Evidence of autologous immune-
complex nephritis. N Engl J Med. 1981;305(22):1326–9. https://doi.org/10.1056/
NEJM198111263052206. PMID: 6457246.

Dvanajscak Z, Murphy JD, Larsen CP, Padala SA. Anti-brush border antibody disease (anti-LRP2 
nephropathy) associated with lupus nephritis. Kidney Int Rep. 2020;5(9):1590–4. https://doi.
org/10.1016/j.ekir.2020.06.025. PMID: 32954086; PMCID: PMC7486196.

L. Beck and T. Caza

https://doi.org/10.1056/NEJMoa0810457
https://doi.org/10.1007/s40620-020-00762-9
https://doi.org/10.1007/s40620-020-00762-9
https://doi.org/10.1093/qjmed/hcaa015
https://doi.org/10.1152/ajprenal.2001.280.4.F562
https://doi.org/10.1053/j.ajkd.2018.12.039
https://doi.org/10.1056/NEJM198111263052206
https://doi.org/10.1056/NEJM198111263052206
https://doi.org/10.1016/j.ekir.2020.06.025
https://doi.org/10.1016/j.ekir.2020.06.025


123

Gallan AJ, Garg A, Collins AB, Beck LH Jr, Trivin-Avillach C, Henriksen KJ, Chang A. Anti-LRP2 
nephropathy. Kidney Int Rep. 2020;5(12):2365–70. https://doi.org/10.1016/j.ekir.2020.09.011. 
PMID: 33305133; PMCID: PMC7710829.

Gamayo A, Hecox D, Dicker L, Vecchiarelli L, Raess PW, Khalighi M, Andeen NK.  Anti-
LRP2 nephropathy with concurrent kidney infiltration by lymphoma. Clin Kidney 
J. 2019;13(3):468–72. https://doi.org/10.1093/ckj/sfz166. PMID: 32701074; PMCID: 
PMC7367117.

Iványi B, Haszon I, Endreffy E, Szenohradszky P, Petri IB, Kalmár T, Butkowski RJ, Charonis 
AS, Túri S. Childhood membranous nephropathy, circulating antibodies to the 58-kD TIN anti-
gen, and anti-tubular basement membrane nephritis: an 11-year follow-up. Am J Kidney Dis. 
1998;32(6):1068–74. https://doi.org/10.1016/s0272-6386(98)70085-x. PMID: 9856526.

Kantarci S, Al-Gazali A, Hill RS, Donnai D, Black GCM, Bieth E, Chassaing N, Lacombe D, 
Devriendt K, Teebi A, Loscertales M, Robson C, Liu T, MacLaughlin DT, Noonan KM, Russell 
MK, Walsh CA, Donahoe PK, Pober BR. Mutations in LRP2, which encodes the multiligand 
receptor megalin, cause Donnai-Barrow and facio-oculo-acoustico-renal syndromes. Nat 
Genet. 2007;39:957–9. https://doi.org/10.1038/ng2063. Epub 2007 Jul 15. PMID: 17632512; 
PMCID: PMC2891728.

Katz A, Fish AJ, Santamaria P, Nevins TE, Kim Y, Butkowski RJ.  Role of antibodies to 
tubulointerstitial nephritis antigen in human anti-tubular basement membrane nephri-
tis associated with membranous nephropathy. Am J Med. 1992;93(6):691–8. https://doi.
org/10.1016/0002-9343(92)90205-p. PMID: 1466368.

Kerjaschi D, Farquhar MG. Immunocytochemical localization of the Heymann nephritis antigen 
(GP330) in glomerular epithelial cells of normal Lewis rats. J Exp Med. 1983;157:667–86. 
https://doi.org/10.1084/jem.157.2.667. PMID: 6337231; PMCID: PMC2186920.

Kerjaschi D, Farquhar MG. The pathogenic antigen of Heymann nephritis is a membrane glyco-
protein of the renal proximal tubule brush border. Proc Natl Acad Sci U S A. 1982;79:5557–61. 
https://doi.org/10.1073/pnas.79.18.5557. PMID: 6752952; PMCID: PMC346943.

Larsen CP, Trivin-Avillach C, Coles P, Collins AB, Merchant M, Ma H, Wilkey DW, Ambruzs JM, 
Messias NC, Cossey LN, Rosales IA, Wooldridge T, Walker PD, Colvin RB, Klein J, Salant DJ, 
Beck LH Jr. LDL receptor-related protein 2 (megalin) as a target antigen in human kidney anti-
brush border antibody disease. J Am Soc Nephrol. 2018;29(2):644–53. https://doi.org/10.1681/
ASN.2017060664. Epub 2017 Oct 26. PMID: 29074737; PMCID: PMC5791069.

Leheste JR, Rolinski B, Vorum H, Hilpert J, Nykjaer A, Jacobsen C, Aucouturier P, Moskaug 
J, Otto A, Christensen EI, Willnow TE. Megalin knockout mice as an animal model of low 
molecular weight proteinuria. Am J Pathol. 1999;155:1361–70. https://doi.org/10.1016/
S0002-9440(10)65238-8. PMID: 10514418; PMCID: PMC1867027.

Morrison EB, Kozlowski EJ, McPhaul JJ Jr. Primary tubulointerstitial nephritis caused by antibod-
ies to proximal tubular antigens. Am J Clin Pathol. 1981;75(4):602–9. https://doi.org/10.1093/
ajcp/75.4.602. PMID: 7013472.

Rosales IA, Collins AB, do Carmo PA, Tolkoff-Rubin N, Smith RN, Colvin RB. Immune complex 
tubulointerstitial nephritis due to autoantibodies to the proximal tubule brush border. J Am 
Soc Nephrol. 2016;27(2):380–4. https://doi.org/10.1681/ASN.2015030334. Epub 2015 Sep 2. 
PMID: 26334028; PMCID: PMC4731130.

Storm T, Emma F, Verroust PJ, Hertz JM, Nielsen R. A patient with cubulin deficiency. N Engl J 
Med. 2011;364:89–91. https://doi.org/10.1056/NEJMc1009804. PMID: 21208123.

Zhu X, Tu L, Liu S, You H, Xue J, Hao C. Complete remission of nephrotic syndrome in a young 
woman with anti-LRP2 nephropathy after immunosuppressive therapy. BMC Nephrol. 
2020;21(1):364. https://doi.org/10.1186/s12882-020-02027-w. PMID: 32831033; PMCID: 
PMC7446201.

Anti-Brush Border Antibody (ABBA)-Associated Tubulointerstitial Disease

https://doi.org/10.1016/j.ekir.2020.09.011
https://doi.org/10.1093/ckj/sfz166
https://doi.org/10.1016/s0272-6386(98)70085-x
https://doi.org/10.1038/ng2063
https://doi.org/10.1016/0002-9343(92)90205-p
https://doi.org/10.1016/0002-9343(92)90205-p
https://doi.org/10.1084/jem.157.2.667
https://doi.org/10.1073/pnas.79.18.5557
https://doi.org/10.1681/ASN.2017060664
https://doi.org/10.1681/ASN.2017060664
https://doi.org/10.1016/S0002-9440(10)65238-8
https://doi.org/10.1016/S0002-9440(10)65238-8
https://doi.org/10.1093/ajcp/75.4.602
https://doi.org/10.1093/ajcp/75.4.602
https://doi.org/10.1681/ASN.2015030334
https://doi.org/10.1056/NEJMc1009804
https://doi.org/10.1186/s12882-020-02027-w


125© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
M. G. Atta, M. A. Perazella (eds.), Tubulointerstitial Nephritis, 
https://doi.org/10.1007/978-3-030-93438-5_10

Transplant Rejection and Infection 
Associated Tubulointerstitial Nephritis
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1  Introduction

Tubulointerstitial nephritis (TIN) in kidney allografts is the third most common 
biopsy proven pathology after rejection and calcineurin inhibitor toxicity. It can be 
caused by a myriad of etiologies including systemic diseases like lupus, sarcoidosis, 
other autoimmune diseases and hereditary tubulointerstitial kidney disease, but is 
most commonly from infections, drugs, and rejection. While the histological pres-
ence of an interstitial mononuclear infiltrate and tubulitis points towards the unify-
ing pathological diagnosis of TIN- it can, however, be challenging to discern the 
presence of rejection from other causes. While there will be features with respect to 
patient history, characteristics, co-morbidities, and pathology that will aid in dif-
ferentiating causes that lead to TIN, investigating with a broad differential diagnosis 
is essential. This chapter will review the etiologies associated with TIN in kidney 
transplants, with a focus on rejection and infection.
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2  Transplant Rejection Associated 
Tubulointerstitial Nephritis

Organ rejection as a concept was introduced in 1902 by the French surgeon Alexis 
Carrel with use of the term biologic incompatibility. Histological descriptions of 
renal allograft rejections were first reported in 1967, however, a standardized clas-
sification for defining and grading of transplant rejection only came into effect in 
1991 with the Banff working group. The pathology of renal allograft rejections can 
extend into an isolated or combined involvement of the four components of the 
kidney- glomeruli, tubules, interstitium and vessels. The damage to these structures 
as a consequence of rejection can be cellular or antibody mediated, with the terms 
“acute” or “chronic” used in context of the period post transplantation and rejection 
activity. Acute cellular and antibody mediated rejection can occur independently or 
simultaneously.

Rejection associated TIN is usually a consequence of T cell-mediated (cellular) 
rejection (TCMR). There is a concerted reaction of the T cells with natural killer 
(NK) cells and macrophages against histocompatibility antigens present not only in 
the tubules and interstitium, but also, the endothelium of vessels. Human leukocyte 
antigen (HLA) mismatch involving A/B/DR is the main predictor of acute TCMR, 
with no predictive effect extended by panel reactive antibody and repeat transplan-
tation. In the post-transplant period, type and exposure of immunosuppressive ther-
apy determines risk of ACR, with the use of rabbit thymocyte globulin, tacrolimus, 
and mycophenolate mofetil associated with lower risk of TCMR.

2.1  Presentation

Episodes of acute rejection-associated TIN mostly occur within 12  months of 
engraftment, while most episodes after 1 year of transplantation occur as a conse-
quence of noncompliance or iatrogenic reduction in immunosuppression. Patients 
with acute rejection-associated TIN will mostly be asymptomatic and will be 
detected because of an explained worsening of renal function manifested by increase 
in serum creatinine with or without abnormalities on urinalysis (proteinuria, micro-
scopic hematuria and or leukocyturia). Occasionally, patients may present with gen-
eralized malaise, fever, oliguria and/or graft pain.

Plasma levels of donor-derived cell free DNA (dd-cfDNA) may be elevated in 
patients with acute TCMR-associated TIN, with a cut off >1% predictive of ACR- 
positive and negative predictive value for active rejection of 61% and 84%, respec-
tively. The dd-cfDNA may, therefore, serve as a non-invasive biomarker of ACR 
associated TIN.

Radiologic findings would be considered non-specific for discerning TCMR- 
associated TIN from other forms of rejection or acute kidney injury. Renal ultra-
sound may demonstrate increased graft size, with loss of corticomedullary junction, 
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prominent hypoechoic pyramids, and decreased echogenicity of the renal sinus, 
with doppler studies showing elevated resistive indices. Kidney biopsy continues to 
be the gold standard for diagnosis of rejection-associated TIN.

2.2  Pathology

Interstitial inflammation and tubulitis are primary lesions associated with acute 
TCMR. This includes interstitial infiltration with mononuclear cells, and, occasion-
ally eosinophils, and disruption of the tubular basement membranes by the infiltrat-
ing cells (ie, tubulitis).

Tubulitis can be a feature of acute and chronic active TCMR, characterized by 
presence of inflammatory cells between tubular epithelial cells. Tubulitis present in 
non-severely atrophic tubules would be indicative of acute TCMR (Fig. 1), whereas 
tubulitis involving both atrophic and non-atrophic tubules demonstrate evidence of 
chronic active TCMR.  The dominant inflammatory cells present in tubulitis are 
monocytes and lymphocytes, and less commonly plasma cells.

Similar to tubulitis, interstitial inflammation can be present in both acute and 
chronic active TCMR. In acute TCMR, inflammatory cell infiltration is present in 
the edematous stroma, associated with tubulitis of non-severely atrophic tubules 
(Fig. 2). Inflammatory cells in both the edematous and fibrotic stroma accompanied 
by tubulitis of atrophic and non-atrophic tubules, indicates chronic active 
TCMR. The infiltrating cells are most often lymphocytes and monocytes, but plasma 
cells, neutrophils, or eosinophils can also be present. T cells tend to infiltrate dif-
fusely or in scattered patterns, whereas B cells are often aggregated.

The presence of scattered mononuclear cell infiltrates without tubulitis can be an 
inconsequential finding in normal functioning renal allografts and in isolation is 

Fig. 1 T cell mediated 
rejection, severe tubulitis, 
with lymphocytes invading 
the epithelial tubular walls 
(arrow), associated with 
interstitial inflammation 
with lymphocytes (H&E, 
160X). (Image courtesy of 
Dr. Serena Bagnasco)
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insufficient for a diagnosis of acute TCMR. The presence of neutrophils is uncom-
mon and suggests the diagnosis of infection or ABMR.

Histologic criteria for diagnosing acute and chronic active TCMR according to 
Banff 2018 guidelines is presented in Table 1. A synopsis of threshold for Banff 
lesion scores in TCMR are highlighted in Table 2.

Fig. 2 T cell mediated 
rejection, interstitial 
inflammation and severe 
tubulitis (arrows) is present 
in non-severely atrophic 
cortical tubules. The 
interstitium shows active 
inflammation with 
lymphocytes and plasma 
cells and interstitial fibrosis 
(H&E 64X). (Image 
courtesy of Dr. Serena 
Bagnasco)

Table 1 Histologic criteria for diagnosing acute and chronic active T cell mediated rejection 
according to 2018 Banff guidelines

Active TCMR
Type Description Banff scores

Borderline Mild interstitial inflammation plus any tubulitis or significant 
interstitial inflammation

i0/i1 + t1/2/3 
or i2/3 + t1

IA Moderate tubulitis and at least moderate interstitial inflammation t2i2 or t2i3
IB Severe tubulitis and at least moderate interstitial inflammation t3i2 or t3i3
IIA Mild to moderate intimal arteritis v1
IIB Severe intimal arteritis (> 25% of the luminal area) v2
III Transmural arteritis and/or fibrinoid necrosis v3
Chronic active TCMR
IA Moderate tubulitis and at least moderate total cortical inflammation 

and at least moderate scarred cortical inflammation and other known 
causes ruled out

t2, ti ≥ 2, and 
i-IFTA ≥ 2

IB Severe tubulitis and at least moderate total cortical inflammation and 
at least moderate scarred cortical inflammation and other known 
causes ruled out

t3, ti ≥ 2, and 
i-IFTA ≥ 2

II Arterial intimal fibrosis with mononuclear cell inflammation, 
formation of neointima

cv1, cv2, or 
cv3

Abbreviations: cv, arterial fibrous intimal thickening; i, interstitial inflammation; i-IFTA, tubuloin-
terstitial inflammation (inflammation in areas of interstitial fibrosis and tubular atrophy); t, tubuli-
tis; TCMR, T cell-mediated rejection; ti, tubulointerstitial inflammation (inflammation in total 
parenchyma, including scarred and non-scarred cortex); v, intimal arteritis
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2.3  Treatment

Worse graft outcomes have been associated with higher histologic scores (i: intersti-
tial inflammation, t: tubulitis, v: intimal arteritis) and a later onset of rejection 
(>3 months posttransplant). In addition, higher histologic severity of acute TCMR 
(ie, Banff grade greater than IA) is associated with lower response rates to therapy.

The diagnosis of acute TCMR requires a histologic score of at least t2 and i2. 
Any scores below this (e.g., i1+t2 or i2+t1) are considered to be borderline rejec-
tion. Following are treatment recommendations for Banff grades that have evi-
dence of TIN:

 1. Borderline [Mild interstitial inflammation (<25% of nonsclerotic cortical paren-
chyma; i0 or i1) plus any tubulitis (t1, t2, or t3) or significant interstitial inflam-
mation (>25% of nonsclerotic cortical parenchyma; i2 or i3) plus foci of mild 
tubulitis (t1)]: the optimal strategy of treatment would be target higher calcineu-
rin inhibitor levels with or without increment in mycophenolate mofetil and ste-
roids. Some centers advocate treating borderline rejection as acute TCMR.

 2. Type IA: administer pulse intravenous glucocorticoids with subsequent oral 
taper, along with augmenting maintenance immunosuppression

 3. Type IB/II/III: in addition to treatment outlined for Banff IA, administer rabbit 
antithymocyte globulin for patients with no or few chronic histologic lesions 
(interstitial fibrosis/tubular atrophy [IF/TA], vascular intimal sclerosis, arteriolar 
hyaline thickening) presenting less than 1 year pots engraftment.

Table 2 Synopsis of threshold for Banff lesion scores in acute and chronic active T cell mediated 
rejection according to 2018 Banff guidelines

Banff lesion score Abbreviation 0 1 2 3

Interstitial 
inflammation

i <10% 10–25% 26–50% >50%

Tubulitis t None 1–4 mononuclear 
cells/tubular cross 
section or 10 tubular 
epithelial cells

5–10 >10 or foci of 
tubular basement 
membrane 
destruction with
i ≥ 2 and t2 
elsewhere

Intimal arteritis v None <25% luminal area 
lost

≥25% 
luminal 
area lost

Transmural and/or 
fibrinoid change 
and medial smooth 
muscle necrosis

Interstitial fibrosis ci ≤5% 6–25% 26–50% >50%
Tubular atrophy ct None ≤25% 26–50% >50%
Vascular fibrous 
intimal thickening

cv None ≤25% 26–50% >50%

Total inflammation ti <10% 10–25% 26–50% >50%
Inflammation in the 
area of interstitial 
fibrosis and tubular 
atrophy

i-IFTA <10% 10–25% 26–50% >50%
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A successful reversal of rejection has been defined as decrease in serum creati-
nine to within 10% of baseline level. Allografts with evidence of chronic injury and 
fibrosis are expected to have lower likelihood of reversal of allograft dysfunction 
with treatment.

3  Transplant Infection Associated 
Tubulointerstitial Nephritis

Tubulointerstitial nephritis can be a consequence of graft infection, with both viral 
and bacterial etiologies. Cytomegalovirus (CMV), BK and adenovirus represent the 
primary viral causes, whereas gram negative bacteria causing acute pyelonephritis 
can lead to TIN. Patient characteristics, time elapsed post transplantation, immuno-
suppression regimen/exposure and histologic features can aid in distinguishing 
these etiologies, in addition to specific microbiologic data. In this section, our focus 
will be on viral causes of TIN in renal allografts.

3.1  Cytomegalovirus Associated TIN

The predominant risk factor for CMV infection is the CMV serologic status of the 
donor(D)/recipient(R) pair. There is substantial risk of CMV reactivation in both 
CMV D+/R- and CMV D+/R+ patients, but CMV D+/R- patients are at higher risk 
of developing CMV infection than CMV R+ patients- reflecting that the source of 
majority of CMV infections is a seropositive donor. In patients with CMV reactiva-
tion, peak CMV loads are highest among CMV D+/R- patients. The incidence of 
these infections has significantly reduced with widespread adoption of CMV pro-
phylaxis during the early post-transplant phase.

3.2  Presentation

CMV associated TIN is usually a manifestation of tissue invasive CMV disease 
(clinical signs and symptoms of end organ disease) as opposed to CMV syn-
drome (presence of detectable viral replication in blood without invasive tissue 
disease).

Patients with TIN can present with fever, generalized malaise, arthralgia, leuko-
penia, and thrombocytopenia, with evidence of elevation of creatinine with or with-
out abnormalities on urinalysis. Symptoms of other organ involvement could be 
evident and present as following:

 1. Meningitis/encephalitis: headache, altered mental status; with demonstration of 
CMV in the cerebrospinal fluid.
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 2. Pneumonitis: cough, dyspnea; evidence interstitial infiltrates on radiologic imag-
ing and demonstration of CMV in bronchial-alveolar lavage.

 3. Gastrointestinal: nausea, vomiting and abdominal pain (colitis/enteritis, pancre-
atitis, hepatitis); elevation of lipase/amylase, alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST).

The serum/blood fluid and tissue demonstration of the virus is important for 
diagnosis of CMV associated TIN, especially given high degree overlap of histo-
logic features with rejection, drugs and other infectious processes. Tests of such as 
nucleic acid testing (NAT) using polymerase chain reaction (PCR) for CMV DNA 
is recommended over serologic testing or cell cultures.

CMV infection is associated with morbidity, allograft failure, and death in kid-
ney transplant recipients.

3.3  Pathology

A scattered pleomorphic infiltrate with lymphocytes, plasma cells, and macro-
phages is present. Tubulitis occurs with characteristic intranuclear glassy-appearing 
basophilic inclusions with surrounding halo (owl’s eye-type inclusion) and marked 
increase in the size of the cell (cytomegaly), particularly in tubular epithelial cells 
and in endothelial cells. A specific diagnosis is confirmed by immunohistochemical 
staining for CMV.

Acute TCMR-associated TIN can be distinguished from CMV by absence of 
viral cytopathic changes or positive CMV staining. Other viruses are diagnosed by 
specific immunohistochemistry or in situ hybridization.

3.4  Treatment

The treatment of CMV associated TIN is centered on reduction of immunosuppres-
sion and anti-viral treatment. Typically, cessation of anti-metabolites (mycophenolate 
mofetil or azathioprine) until completion of anti-viral therapy and eradication of the 
virus with re-initiation of lower doses only in those with very risk of rejection or recur-
rent glomerulonephritis with subsequent post-treatment monitoring of CMV is used. 
Commonly secondary prophylaxis with oral valganciclovir is used for 1–3 months.

3.5  BK Virus-Associated TIN

A member of the polyomavirus family, BK virus is present in renal tubular epithe-
lial and uroepithelial cells devoid of any associated clinical consequences in the 
majority of individuals, with a worldwide seroprevalence of 80–90%. In immuno-
compromised hosts, its reactivation predominantly causes renal manifestations 
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involving kidney, ureter, and bladder. Renal injury is mainly manifested histologi-
cally by TIN, with viral replication most commonly occurring in the first-year post 
engraftment. Based on multiple studies, it is estimated that 1–10% of kidney trans-
plant recipients will develop BK virus associated nephropathy (BKVAN), with 
highest incidence being 2–6 months post transplantation.

3.5.1  Presentation

The earliest manifestation of BK virus infection is asymptomatic viruria (35%)- 
detected only on screening. The majority of cases do not progress to viremia, with 
viruria being a sensitive marker progression to BKVAN albeit non-specific. Viruria 
is followed by an asymptomatic viremia (15%), which if sustained (longer than 
5 weeks), portends to a greater predictive value for development of BKVAN. The 
sensitivity, specificity, positive predictive value, and negative predictive values of a 
urine level of >9.5 log10 copies/mL were 70%, 70%, 53% and 83% for any viremia, 
and 91%, 66%, 33% and 98% for sustained viremia. TIN associated with BKVAN 
most commonly presents as asymptomatic elevation of creatinine with or without 
abnormal urinalysis. Urine microscopy may reveal renal tubular or uroepithelial 
cells containing intranuclear viral inclusions termed as decoy cells. Hemorrhagic 
cystitis and ureteral stenosis are rare manifestation of BK viral infection.

Unrelenting infection is associated with progressive allograft dysfunction and 
graft loss over period of months. Registry data showed that 3-year graft survival was 
significantly lower in recipients with BK nephropathy.

3.5.2  Pathology

The histology of BKVAN is represented by a patchy pleomorphic interstitial infiltrate 
with lymphocytes, plasma cells, and occasional neutrophils with accompanied inter-
stitial edema, tubulitis, and tubular injury. The infected tubular epithelial cells have 
enlarged nuclei with amorphous inclusions, with a ground-glass appearance with 
irregular central clearing, or a coarse vesicular appearance. BKVAN associated TIN 
has a predilection for distal tubules are involved more often than proximal tubules.

Medullary involvement in may be present in early stages, with subsequent afflic-
tion of parietal epithelial cells. Infected epithelial cell nuclei stain with antibody to 
the large T antigen of the SV40 virus, which serves as a surrogate marker of human 
polyomavirus infection (Fig. 3). Positive staining may be seen in the absence of 
nuclear enlargement or inclusions.

On immunofluorescence microscopy, the tubular basement membrane (TBM) 
demonstrates granular staining for IgG, C3, and C4d may be present in up to 
10–25% of cases. Polyomavirus particles (30–45  nm) are present in nuclei of 
infected cells, in a reticulate arrangement may be present on electron microscopy, 
with immune complex–type deposits are present along TBM (Latif et al. 199–207).
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3.5.3  Treatment

Reduction of immunosuppression in a stepwise fashion, as dictated by viral loads, 
is the initial recommended treatment in patients without concomitant rejection. This 
approach consists of immediate and indefinite discontinuation of the anti- metabolite, 
with subsequent reduction of the calcineurin inhibitor for sustained viremia 
which  has been shown to be safe and effective up to 10  years after transplanta-
tion. Other adjunctive treatments include intravenous immunoglobulin given immu-
nomodulatory properties. The use of cidofovir, leflunomide and quinolone 
antibiotics have been shown not to have clinical efficacy.

3.6  Adenovirus Associated TIN

The human adenovirus infection in patients with kidney transplants is usually a 
consequence of latent disease activation, with environmental or donor organ trans-
mission being reported. Urinary tract involvement occurs in 5% of kidney transplant 
recipients. Of those with disease, onset was within the first 3 months in 75% of the 
patients, and 97% were reported within 1 year. Allograft involvement, manifested 
by severe granulomatous TIN, occurs in <1%.

a b

Fig. 3 BK polyoma virus nephropathy. (a) basophilic nuclear inclusion in a tubular cell (arrow). 
(b) Immunostain for SV40 is positive in the nucleus of tubular cells infected by BK virus. (Image 
courtesy of Dr. Serena Bagnasco)
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3.6.1  Presentation

Initial presentation of an adenovirus-associated TIN is characterized by symptoms 
of a urinary tract infection. There is concomitant elevation of serum creatinine with 
sterile pyuria. Hemorrhagic cystitis is usually accompanied by allograft dysfunc-
tion. Confirmatory diagnostic testing involves adenovirus PCR quantification in 
urine and tissue biopsy.

Disseminated disease portends to high mortality. It can be present with extra- 
renal manifestations such as lymphopenia, pneumonitis, gastroenteritis and orchitis.

3.6.2  Pathology

Adenovirus associated TIN is evidenced by pleomorphic infiltrate composed of lym-
phocytes, histiocytes, plasma cells, and variable numbers of neutrophils, with inter-
stitial edema and hemorrhage (Fig. 4). In addition, viral cytopathic changes comprise 
of smudgy basophilic intranuclear inclusions with enlarged nuclei of infected cells. 
Similar to BK, the virus has a propensity to effect distal tubules (medulla) in com-
parison to proximal tubules. Concomitant acute tubular injury is present with frank 
tubular necrosis and may be associated with necrotizing interstitial granulomas. 
Severe granulomatous TIN is characteristic of adenovirus infection and is unlikely to 
be present with CMV and BK infections. Focal wedge-shaped necrosis may occur in 
renal parenchyma. Immunostaining for adenovirus shows strong nuclear and cyto-
plasmic staining in infected cells. With respect to electron microscopy, viral particles 
are seen in infected epithelial nuclei and cytoplasm and are nonenveloped with hex-
agonal outline and a diameter of 70–110 nm, aggregated in a crystalline array.

3.6.3  Treatment

The treatment is similar to the stepwise approach of reduction in immunosuppres-
sion employed in BKVAN. Severe disseminated disease may require treatment with 
cidofovir, which requires close monitoring of renal and hematological indices. 
Cidofovir has activity against all adenovirus serotypes and has also been used in 
combination with intravenous immunoglobulin.

4  Conclusion

It is the imperative for transplant physicians to be able to distinguish between vari-
ous causes of TIN. The spectrum of rejection to infection encompasses most of the 
pathologies that are encountered in transplant medicine in general. Being cognizant 
of distinguishing features of various presentations of TIN aids in expedient diagno-
sis and treatment, which in turn, leads to reduction in probability of short- and long- 
term graft dysfunction.
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Genetic forms of tubulointerstitial kidney disease are an important cause of tubu-
lointerstitial disease and may be more prevalent than currently recognized. Early 
diagnosis can help prevent inappropriate use of immunosuppressive therapy, help 
focus on extrarenal manifestations, and facilitate earlier planning for kidney 
transplantation.

1  Autosomal Dominant Tubulointerstitial Kidney 
Disease (ADTKD)

ADTKD is a clinical syndrome attributable to heterozygous mutations in at least 5 
genes (Table 1). Clinical characteristics of ADTKD are shown in Table 2.
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1.1  Clinical Description

ADTKD is characterized by elevated serum creatinine, family history of kidney 
disease, bland urine sediment, and normal to small kidneys, with—or more often 
without—bilateral cysts on imaging. It should also be considered in the absence of 
family history when other causes of non-glomerular progressive kidney disease are 
excluded or when extrarenal features consistent with ADTKD genetic subtypes 
such as gout or anemia are noted. End-stage kidney disease (ESKD) has been 
reported in young children in ADTKD-UMOD but more commonly impaired kid-
ney function is diagnosed in adolescence or early adulthood and ESKD occurs 
after age 30. Median age of ESKD is in the fifth decade for ADTKD-UMOD and 
ADTKD-MUC1 and may be similar for other forms. A urinary concentration 
defect which can lead to enuresis is frequently present in cases of ADTKD-
UMOD. This may contribute to mild, sub-clinical, chronic volume depletion that 
results in enhanced proximal tubule fluid and uric acid reabsorption, low fractional 
excretion of uric acid (FEUrate) <5%, hyperuricemia and gout. Gout is a common 
finding in ADTKD, particularly in ADTKD-UMOD, ADTKD-REN, and ADTKD- 
HNF1B, and can present in childhood prior to the diagnosis of kidney disease. 
Gout occurs earlier in ADTKD-UMOD than in ADTKD-MUC1 patients (30 vs. 
67  years). There are no other extrarenal manifestations of ADTKD-UMOD or 
ADTKD-MUC1.

ADTKD is one of multiple potential phenotypes that can result from heterozy-
gous HNF1B mutations (Table 3). ADTKD-HNF1B, a progressive tubulointerstitial 
kidney disease, typically manifests with bilateral kidney cysts, gout, hypomagnese-
mia and may have additional extra-renal manifestations. Extreme forms of ADTKD- 
HNF1B can present in utero with oligohydramnios, Potter’s sequence, and severely 
enlarged polycystic kidneys that may resemble autosomal dominant or recessive 
polycystic kidney disease. This may be explained through the transcriptional role of 
HNF1β as a master regulator of PKHD1 and PKD2 genes. Milder forms may be 
diagnosed in adulthood and progress slowly. HNF1B-related extra-renal 

Table 2 Characteristics of ADTKD

Autosomal dominant inheritance
Bland urine sediment
No proteinuria or only mild proteinuria
Progressive worsening of chronic kidney disease
Early-onset hyperuricemia or gout
Lack of significant hypertension in early stages
Urinary concentration defect, with polydipsia-polyuria in severe forms
Enuresis or nocturia in children
Early chronic kidney disease in severe forms in children
Normal or small-sized kidneys
Lack of exposure to medications causing tubulointerstitial nephritis
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manifestations include pancreatic hypoplasia, maturity onset diabetes of young type 
5 (MODY5), abnormal liver function tests, hyperparathyroidism, and gynecologic 
structural abnormalities. HNF1B mutations were found to explain the previously 
named renal cysts and diabetes syndrome (RCAD). Affected family members may 
have a varied presentation. For example, one family member may be asymptomatic, 
another family member may have hypomagnesemia and diabetes, and another fam-
ily member may have gout and chronic kidney disease.

Table 3 Kidney and extra-renal manifestations of HNF1β patientsa

Organ Comments

Kidney
Bilateral hyperechogenic kidneys
Bilateral cysts
Glomerulocystic disease
Multicystic dysplastic kidney
Single kidney
Horseshoe kidney
Oligomeganephronia
Hydronephrosis and megaureter
Chronic kidney disease
Hypomagnesemia
Hypokalemia
Chromophobe renal carcinoma 
(exceptional)

Most frequent cause of kidney dysplasia of monogenic 
origin
Normal or small sized kidneys
Amniotic fluid preserved in prenatal ultrasound
Renal failure in adults, rare in children
Electrolyte disorders mainly in adults

Development-psycho
Epilepsy
Autism spectrum disorder
Developmental delay

Present when HNF1β loss is associated with 17q12 
rearrangement

Genital
Bicornate uterus
Uterus didelphys
Double vagina
Vaginal hypoplasia & absent uterus
Cryptorchidism
Hypospadias
Epididymal cysts
Agenesis of the vas deferens

Mayer-Rokitansky-Küster-Hauser syndrome cases in 
HNF1β deletions

Endocrine
Early-onset diabetes (MODY-5)
New-onset diabetes after 
transplantation
Pancreatic cysts
Hypoplastic pancreatic body and tail
Hyperparathyroidism

<5% of MODY-type diabetes
Anticalcineuric drugs down-regulate
HNF1β

Digestive
Pancreatic exocrine dysfunction
Elevated liver enzymes (common)
Neonatal cholestasis (rare)

Casual finding, most patients asymptomatic

Others
Early-onset gout (hyperuricemia)

Gout precedes chronic kidney disease

aModified from Attanasio M et al. (2007)
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HNF1B mutations may alternatively result in congenital anomalies of the kidney 
and urinary tract (CAKUT). This may include renal hypoplasia, agenesis, multicys-
tic dysplastic kidneys, glomerulocystic kidney disease, horseshoe kidneys, and 
Müllerian duct abnormalities. When HNF1B loss is part of an approximately 
1.5 MB microdeletion syndrome of chromosome 17q12, additional features includ-
ing autism, attention-deficit/hyperactivity disorder (ADHD), and facial dysmor-
phism can also be seen.

ADTKD-REN is characterized by a slowly progressive chronic kidney disease, 
with most individuals proceeding to end-stage kidney disease after age 45 years, 
despite presenting in early childhood with CKD. Decreased production of normal 
renin results in mild hypotension, hyperkalemia, acidemia, hyperuricemia, and ane-
mia. Many of the clinical manifestations of this disorder can be treated with 
fludrocortisone.

ADTKD-SEC61A1 is a rare cause of ADTKD, with only two families described 
in the literature. Extrarenal features of one ADTKD-SEC61A1 family included con-
genital anemia, intrauterine growth retardation, and variable findings of cleft palate, 
velo-pharyngeal insufficiency, pre-axial polydactyly, and mild cognitive impair-
ment. The second family had diagnosis of CKD at a later age and neutropenia with 
recurrent cutaneous abscesses. Like ADTKD-REN, some cases had gout, and some 
showed evidence of hyperkalemia with inappropriately low renin and aldosterone 
when assayed.

1.2  Kidney Biopsy

Kidney biopsies show interstitial fibrosis, tubular atrophy, and thickened tubular 
basement membrane. Immunohistochemistry may show intracellular accumulation 
of the mutant protein, or in the case of ADTKD-REN reduced renin in the juxtaglo-
merular apparatus.

1.3  Epidemiology

The true prevalence of ADTKD remains unclear. ADTKD-UMOD accounted for 
35.1% of ADTKD cases in one large cohort study, with ADTKD-MUC1 accounting 
for 38.4% of UMOD-negative cases. HNF1B, REN, and particularly SEC61A1 are 
more rare causes of ADTKD; together they explain an undefined fraction of the 
remaining 30–40% of cases. In a cohort of 3315 patient with chronic kidney disease 
(CKD), 65% of whom had ESKD, 9.3% of all patients were found to have a mono-
genetic etiology, and UMOD was the sixth most common gene affected, explaining 
0.3% of the cohort. A study from England estimated that ADTKD-UMOD contrib-
utes to 1% of all CKD stage 3–5 patients, 2% of all ESKD, 9% of inherited kidney 
disease, and 56% of ADTKD, with an estimated population prevalence of 16 per 
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million for ADTKD and 9 per million for ADTKD-UMOD. These data make 
ADTKD the most common monogenetic kidney disease after ADPKD and collagen 
IV-related diseases. Overcoming challenges with molecular diagnosis, clinician rec-
ognition, and discovering additional disease genes will help to clarify the preva-
lence of this disease.

1.4  Pathophysiology

ADTKD-UMOD, ADTKD-MUC1, ADTKD-REN, and possibly other forms of 
ADTKD have intracellular accumulation of abnormal forms of highly expressed 
proteins and thus may be considered protein storage diseases. Uromodulin, also 
known as Tamm Horsfall protein, encoded by UMOD, is the most abundant protein 
in human urine. UMOD is highly expressed in the thick ascending loop of Henle 
(TAL) and early distal convoluted tubule (DCT). Approximately 60% of all patho-
genic UMOD mutations affect cysteine residues and therefore potentially affect 
disulfide bonds. Mucin-1, encoded by the MUC1 gene, is a heavily glycosylated 
protein strongly expressed along the distal nephron that can form polymers in the 
urine. Normally uromodulin and mucin-1 undergo membrane anchoring, folding, 
glycosylation, and quality control assessment in the endoplasmic reticulum (ER) 
and Golgi apparatus before trafficking to the apical membrane where a final extra-
cellular fragment is cleaved into the urine. Mutant uromodulin, or mucin-1 with a 
modified C-terminus (MUC1-fs) accumulate in cells. Further, mutant uromodulin 
has a dominant negative effect on wild-type uromodulin from the unaffected allele. 
In vitro, as well as mouse models of ADTKD, pathogenic mutations in Umod or 
Muc1 show activation of the unfolded protein response (UPR) pathway, ER stress, 
and at least in the case of Umod models, mitochondrial dysfunction. This is accom-
panied by transcriptional evidence of upregulation of inflammatory and fibrotic 
pathways.

ADTKD-REN results in intracellular accumulation of abnormal renin, leading to 
ER stress, and subsequent apoptosis. Subtypes have been defined based on whether 
the pathogenic mutation affects the signal peptide, pro-segment, or mature protein. 
Mutations in the mature protein have later onset of ESKD (mean age 63) without the 
anemia commonly seen in other forms. Extrarenal manifestations are attributable to 
impaired renin response to physiologic stimuli. Renin is an activator of the RAAS 
and is important during kidney development, blood pressure regulation, thirst regu-
lation, and modification of erythropoiesis. Renin-producing cells enhance erythro-
poietin secretion.

SEC61A1 encodes the core protein of the mammalian heteromeric ER transloca-
tion pore (translocon) through which newly generated secretory proteins enter the 
ER lumen and ER membrane. ADTKD-SEC61A1 cases with missense variants had 
mislocalization of SEC61A1 protein in the ER-Golgi intermediate compartment 
(ERGIC) and in the Golgi apparatus. A dysfunctional translocon may contribute to 
abnormal conformation, post-translational modifications, and trafficking of 
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secretory proteins including uromodulin, mucin-1, and renin. Truncating variants in 
SEC61A1 are reported to cause monogenic plasma cell deficiency or severe con-
genital neutropenia.

HNF1B, also known as TCF2, encodes the Hepatocyte nuclear factor 1β 
(HNF1β). ADTKD-HNF1B pathology is notably not due to protein accumulation, 
but from heterozygous loss of function, deleterious, or deletion mutations resulting 
in haploinsufficiency. HNF1β is a DNA-binding transcription factor which regu-
lates tissue-specific gene expression particularly during development of the kidney, 
the pancreas, genital organs, and to a lesser extent liver, during embryogenesis. 
HNF1β is required for branching morphogenesis, nephrogenesis, nephron pattern-
ing, and tubulogenesis;. Kidney-specific loss of Hnf1b in mice results in polycystic 
kidney disease. Moreover, HNF1β is involved in epithelial-mesenchyme transition 
(EMT) pathways, Wnt signaling, and kidney fibrosis via the TWIST2 transcriptional 
network, and abnormal TGF-β as has been shown in other forms of ADTKD.

1.5  Molecular Genetic Diagnosis

UMOD, MUC1, REN, HNF1B, and SEC61A1 are responsible for approximately 
two thirds of clinically suspected ADTKD cases, with other genetic causes yet to be 
identified. Typical next-generation sequencing-based methods, such as targeted 
gene panels or whole exome sequencing, reliably identify pathogenic variants in 
each of these genes except for pathogenic MUC1 variants. The most common 
pathogenic MUC1 variant is a cytosine duplication in the variable number of tan-
dem repeats (VNTR) region of the gene that results in a specific frameshift peptide 
(MUC1-fs). Because this is not detected by usual methods, MUC1 clinical genetic 
testing is typically performed only after a negative ADTKD gene panel. MUC1 
genetic testing is available without cost from the Broad Institute. Contact ableyer@
wakehealth.edu for information.

For ADTKD-UMOD, biopsy detection of intracellular uromodulin or reduction 
of urinary uromodulin has also been proposed; the former may not be reliable, how-
ever the latter is recommended in an algorithm for UMOD-score. Penetrance for the 
most well studied forms of ADTKD, ADTKD-UMOD and ADTKD-MUC1, is typi-
cally close to 100%. De novo variants in ADTKD genes may explain cases with 
apparent negative family history and are seen in up to 40% of all HNF1B -related 
cases. In cases where the pattern of inheritance is unknown, genetic causes of ado-
lescent forms of nephronophthisis should also be considered.

Decision making regarding genetic testing of children with this disorder is com-
plex, and input from a genetics counselor is important. In general, children should 
not undergo genetic testing for disorders in which there are no specific treatments 
available. Thus, for ADTKD-MUC1 and families with a later clinical presentation 
of ADTKD-UMOD, genetic testing should wait until the individual can fully par-
ticipate in decision making. For ADTKD-UMOD, genetic testing may be performed 
in childhood to prevent gout. For ADTKD-REN, genetic testing is advisable in 
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childhood due to many potential therapies. Genetic testing should also be consid-
ered for ADTKD-HNF1B, since early detection of extrarenal manifestations can be 
beneficial. As HNF1B can occur as part of the 17q12 deletion syndrome, a chromo-
somal microarray, multiplex ligation-dependent probe amplification (MLPA), or 
careful copy number variation analysis of high read depth next-generation sequenc-
ing is required.

1.6  Therapies

Currently no specific therapies for ADTKD are available. Allopurinol for hyperuri-
cemia and gout in ADTKD may slow disease progression but low purine diets are 
not recommended. In vitro studies showed colchicine, probenecid, topiroxostat, and 
the chaperone and ER-stress reducer Na+-4-phenylbutyrate (4-PBA) partially res-
cued accumulation of mutant uromodulin. The effect of 4-PBA could not be con-
firmed in vivo. Blocking the TNF-α signaling improved kidney function compared 
to untreated mutant mice. Topiroxostat, a xanthine oxidase inhibitor reduced apop-
tosis. Inhibitors of the mTOR pathway enhance autophagy and secretion of mutant 
UMOD.  For ADTKD-MUC1, a small molecule named BRD4780 was shown to 
enhance secretion of MUC1-fs secretion by targeting a cargo receptor called TMED9.

ADTKD-HNF1B patients may need treatment of hyperuricemia, hypomagnese-
mia, pancreatic dysfunction, and genital tract malformations. ADTKD-HNF1B 
patients may have a higher risk of new-onset diabetes after a kidney transplant 
(NODAT) as hypomagnesemia is an independent risk factor for NODAT.  These 
patients may benefit from other immunosuppression strategies such as belatacept, 
steroid-sparing regimens, or mTOR inhibitors.

ADTKD-REN and ADTKD-SEC61A1 patients benefit from erythropoietin ther-
apy to addresses anemia, and in some cases fludrocortisone to address volume 
depletion, acidosis, and hyperkalemia due to insufficient renin. During puberty ane-
mia often improves due to increased synthesis of sexual steroids. There is no risk of 
recurrence of the underlying kidney disease following kidney transplant in ADTKD.

2  Nephronophthisis

Nephonophthisis (NPHP) is an autosomal recessive kidney disease and one of the 
most common genetic reasons for ESKD in the pediatric cohort. Over 20 disease 
genes, encoding proteins known as nephrocystins contribute to this disease com-
plex. Nearly all nephrocystins localize to the membrane-bound sensory organelle 
known as the primary cilium, or its associated centrosome or basal body. As such, 
NPHP is classified as a ciliopathy.
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2.1  Epidemiology and Clinical Description

The reported incidence of NPHP varies from 1 in 50,000 to one in a million. Patients 
typically present with profound anemia, a urinary concentration defect with poly-
uria and polydipsia, sometimes secondary enuresis, and short stature. Onset of CKD 
is subtle and NPHP is often only diagnosed when patients present with symptoms 
of ESKD. The majority of NPHP patients have only kidney involvement. However, 
15–20% of all NPHP patients present with a multi-organ disease involving, the 
eyes, liver, heart, CNS, or bones (Table 4) reflecting the role of the unique nephro-
cystin in the cilia during development and maintenance of ciliary function. 
Extrarenal symptoms can include retinal degeneration (with Senior-Løken syn-
drome, which is the most common extrarenal manifestation with 10–15%), cerebel-
lar vermis aplasia (Joubert syndrome), bone-related phenotypes (Mainzer-Saldino, 

Table 4 Extrarenal manifestations associated with NPHP and resulting syndromes associated 
with NPHP mutations

Ophthalmologic disorder
Retinitis pigmentosa

Syndrome
Senior-Løken syndrome (SLSN)
Arima syndrome (cerebro-oculo-hepato-renal syndrome)
Alstrom (RP, obesity, DM type 2, hearing impairment)
RHYNS (RP, hypopituitarism, skeletal dysplasia)

Oculomotor apraxia
Nystagmus
Coloboma

Cogan syndrome
Joubert syndrome/Joubert syndrome related disorders
Joubert syndrome/Joubert syndrome related disorders

Skeletal disorder
Short ribs
Cone-shaped epiphysis
Postaxial polydactyly

Jeune syndrome/asphyxiating thoracic dystrophy
Mainzer-Saldino syndrome
Joubert syndrome/Joubert syndrome related disorders
Bardet-Biedl syndrome (NPHP, RP, obesity, deafness)
Ellis van Creveld

Skeletal dysplasia Sensenbrenner syndrome / cranioectodermal dysplasia
Ellis van Creveld

Hepatic disorder
Liver fibrosis

Boichis syndrome
Meckel-Gruber syndrome (occipital encephaolocele, NPHP)
Arima syndrome (cerebro-oculo-hepato-renal syndrome)
Joubert syndrome/Joubert syndrome related disorders
Meckel-Gruber syndrome (occipital encephalocele, NPHP)
Joubert syndrome/Joubert syndrome related disorders
RHYNS (RP, hypopituitarism, skeletal dysplasia)

Neurological disorder
Encephalocele
Vermis aplasia
Hypopituitarism
Others
Situs inversus
Cardiac malformation
Bronchiectasis
Ulcerative colitis

RP retinitis pigmentosa/retinal degeneration, DM diabetes mellitus, NPHP nephronophthisis
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Sensenbrenner, and Jeune syndromes), oculomotor apraxia (Cogan syndrome), 
situs inversus, and liver fibrosis. An extreme form of NPHP is Meckel-Gruber syn-
drome, which is usually a lethal condition with developmental defects, occipital 
encephalocele, liver fibrosis, microophthalmia, and polydactyly. NPHP is character-
ized as infantile, juvenile, or adolescent/adult depending on the age of ESKD. Juvenile 
NPHP is the most common and the mean age of ESKD is 13 years. NPHP diag-
nosed in young adults or later in life was thought to be extremely rare, although a 
recent study suggested that a whole-gene deletion of NPHP1 may be a more com-
mon cause of undiagnosed ESKD in adulthood than previously recognized.

2.2  Laboratory Studies and Kidney Biopsy

Urinary osmolality may be low. Hemoglobin and reticulocytes are reduced dispro-
portionally to the degree of CKD. Kidneys may be initially normal sized but usually 
decrease due to fibrosis over time and show increased echogenicity. Histologic find-
ings in NPHP are nonspecific, including tubular atrophy, thickened tubular base-
ment membrane, and interstitial fibrosis along the cortico-medullary border. Cysts 
are present in 70% of patients but are not required for the diagnosis. In the infantile 
form of NPHP kidneys are enlarged and have widespread cysts. An eye exam, LFTs, 
and a liver ultrasound may help to identify eye and liver involvement.

2.3  Physiology and Pathophysiology

Primary cilia are present in most mammalian cells and are considered a sensory 
organelle. In contrast to motile cilia which have 9 + 2 microtubular doublets, pri-
mary cilia contain 9 + 0 microtubular doublets. Over 20 genes are known to cause 
about 63% of all NPHP cases (Table 5). Through their role in primary cilia mainte-
nance and function, nephrocystin loss may affect important signaling pathways 
such as planar cell polarity, Wnt, signaling, Sonic hedgehog signaling, the DNA 
damage response pathway, Hippo signaling, cAMP, and mTOR. Perturbations in 
these pathways may underly pathogenesis, but mechanisms are not entirely known.

2.4  Diagnosis

Specific diagnosis is made by genetic testing. This can be efficiently accomplished 
using commercially available next-generation sequencing gene panels for ciliopa-
thy and tubulointerstitial kidney disease, or whole exome sequencing, although 
some genes such as RPGRIP1L may have low coverage and therefore a risk for false 
negative results. Copy number variation (CNV) analysis is necessary to detect 
whole gene deletions such as the most common NPHP1 variant and typically is 
accomplished by commercial testing but sensitivity may be variable between labs.
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Table 5 Summary of NPHP1-NPHP18 and NHPH1L and NPHP2L genes, gene products, 
chromosomal localization, phenotypes, extrarenal symptoms, and interaction partners

Gene (protein) Chromosome Extrarenal symptoms

Phenotype 
(mean age 
at ESRD) Interaction partners

NPHP1 
(Nephrocystin-1)

2q13 RP (10%), OMA 
(2%), JBTS and LF 
(rarely)

NPHP 
(13 years)

Inversin, 
nephrocystins-3-5, 
nephrocystin-8/
RPGRIPL, RPGR, 
polycystin-1, filamin 
A and B, tensin, 
PALS1/PATJ, Par6, 
β-tubulin, PTK2B, 
p130(Cas), Pyk2

NPHP2/INVS 
(inversin)

9q31 RP (10%), LF, situs 
inversus, CHD

Infantile 
NPHP 
(<4 years)

Nephrocystin-1, 3, 5, 
9, and 16, 
calmodulin, catenins, 
β-tubulin, APC2, 
RPGR

NPHP3 
(Nephrocystin-3)

3q22 LF, RP (10%), situs 
inversus, MKS, CHD

Infantile 
and 
adolescent 
NPHP

Nephrocystin-1, 9, 
16, Inversin

NPHP4 
(Nephrocystin-4)

1p36 RP (10%), OMA, LF NPHP 
(21 years)

Nephrocystin-1, 6, 8, 
9, BCAR1, PALS1/
PATJ, Par6, 
p130(Cas), Pyk2, 
PTK2B, Jade-1, 
Lats1, TAZ, 
α-tubulin, RPGR, 
RPGRIP1, 
TMEM107, 237

NPHP5/IQCB1 
(Nephrocystin-5)

3q21 Early-onset RP, 
SLNS

NPHP 
(13 years)

Calmodulin, RPGR, 
nephrocystin-6

NPHP6/CEP290 
(Nephrocystin-6/
CEP290)

12q21 JBTS, MKS, LF, 
LCA

NPHP ATF4, 
nephrocystin-5, 
Rab8a, Rkip, MKKS, 
FAM161A, RPGR, 
CC2D2A, Tectin1

NPHP7/GLIS2 
(Nephrocystin-7/
GLIS2)

16p _ NPHP TRIM32, p120 
catenin, β catenin 
CtBP1, HDAC3

NPHP8/RPGRIP1L 
(Nephrocystin-8/
RPGRIP1L)

16q JBTS, MKS, LCA NPHP Nephrocystin-1, 4, 6, 
RPGR, CSPP, Nek4, 
Pmsd2

NPHP9/NEK8 
(Nephrocystin-9/
NEK8)

17q11 LF, CHD Infantile 
NPHP

Nephrocystin-1, 3, 4, 
16, Inversin, TAZ, 
Anks3

(continued)
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Table 5 (continued)

Gene (protein) Chromosome Extrarenal symptoms

Phenotype 
(mean age 
at ESRD) Interaction partners

NPHP10/SDCCAG8 
(Nephrocystin-10/
SDCCAG8)

1q43 RP (SLS), BBS-like Juvenile 
NPHP

OFD1, FAM161A, 
AZI1, RABEP2

NPHP11/TMEM67/
MKS3 
(Nephrocystin-11/ 
Meckelin)

8q22.1 JBTS, MKS, LF NPHP MKS1, 
nephrocystin-1, 4, 6, 
nesprin-2, 
TMEM216, filamin A

NPHP12/TTC21B/ /
JBTS11 
(Nephrocystin-12/
IFT139)

2q24.3 JATD, MKS, JBTS, 
BBS-like

Early 
onset 
NPHP, 
juvenile 
NPHP

IFT121, NPHP13/
IFT144, ciliopathy 
modifier

NPHP13/WDR19 
(Nephrocystin-13/
IFT144)

4p14 JATD, SBS, CED, 
RP, Caroli, BBS-like

NPHP Presumed IFT139 
and IFT140 
interaction

NPHP14/ZNF423 
(Nephrocystin-14/
ZNF423)

16q12.1 JBTS, situs inversus Infantile 
NPHP, 
PKD

PARP1, 
nephrocystin-6, 
ZNF521

NPHP15/CEP164 
(Nephrocystin-15 
centrosomal protein 
164 kDa)

11q23.3 RP, JBTS, LF, 
obesity

NPHP 
(8 years)

Nephrocystin-3, 4, 
18, ATRIP, CCDC92, 
TTBK2, Dvl3, 
INPP5, Chibby

NPHP16/ANKS6 
(Nephrocystin-16/
ANKS6)

9q22.33 LF, situs inversus, 
CHD cardiovascular 
abnorm.

Infantile 
and 
juvenile 
NPHP

INVS, 
nephrocystin-3, 9, 
HIF1AN, BICC1, 
ANKS3

NPHP17/IFT172 
(Nephrocystin-17/
IFT172)

2p23.3 JATD, MZSDS, 
JBTS

NPHP IFT140, IFT38, 
IFT57, IFT80, MKS1

NPHP18/CEP83 
(Nephrocystin-18/
centrosomal protein 
83 kDa)

12q22 Learning disability, 
hydrocephalus, LF

Early- 
onset 
NPHP 
(3 years)

Nephrocystin-15, 
IFT20

NPHP19/DCDC2 
(Nephrocystin-19/
doublecortin 
domain-containing 2)

6p22 LF NPHP Dishevelled-3

NPHP20/MAPKBP1 
(Nephrocystin-20/
mitogen activated 
protein kinase 
binding protein 1)

15q1 NPHP JNK2, WDR62
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2.5  Therapies

There are no specific therapies for NPHP.  Therapeutic avenues in development 
include targeting cAMP with Vasopressin 2 receptor antagonists such as tolvaptan; 
and targeting the cyclin-dependent kinase pathway of the DNA damage response 
with Roscovitone or S-CR-8. Other approaches include targeting the hedgehog sig-
naling pathway. Rapamycin ameliorated kidney cyst formation in mouse and zebraf-
ish models.

3  Differential Diagnosis

Whereas NPHP usually presents early in life, ADTKD more commonly presents 
later in adulthood. There is overlap in age of onset and phenotype between some 
forms of each and thus both must be considered if inheritance pattern is unclear. 
Rarely, NPHP presents in adults or is inherited in a pseudo-dominant fashion. 
Specific extrarenal manifestations may also help to distinguish ADTKD from 
NPHP. In utero diagnosis of cystic kidneys can require genetic diagnosis to distin-
guish NPHP from autosomal recessive polycystic kidney disease (ARPKD), or 
severe ADTKD-HNF1B. Biopsy findings in ADTKD can also resemble 

Table 5 (continued)

Gene (protein) Chromosome Extrarenal symptoms

Phenotype 
(mean age 
at ESRD) Interaction partners

NPHP21/ADAMTS9 
(Nephrocystin-21/a 
disintegrin and 
metalloproteinase 
with thrombospondin 
type 1 motif)

3p14.1 JBTS, CHD, 
deafness, coloboma, 
short stature, 
hepatosplenomegaly

NPHP

NPHP1L/XPNPEP3 
(Nephrocystin-1 L/
XPNPEP3)

22q13 Cardiomyopathy, 
seizures

NPHP Cleaves LRRC50, 
ALMS1, 
nephrocystin-6

NPHP2L/SLC41A1 
(Nephrocystin-2 L/
SLC41A1)

1q32.1 Bronchiectasis NPHP

ATF4 activating transcription factor 4, APC2 anaphase-promoting complex 2, BCAR1 breast can-
cer anti-estrogen resistance 1, CAD cranioectodermal dysplasia, CC2D2A coiled-coil and C2 
domain containing 2A, CHD congenital heart disease, JATD jeune asphyxiating thoracic dyspla-
sia, JBTS joubert syndrome, LCA leber congenital amaurosis, LF liver fibrosis, MKS Meckel- 
Gruber syndrome, OMA oculomotor apraxia, PTK2B protein tyrosine kinase 2B, RP retinitis 
pigmentosa, RPGR retinitis pigmentosa GTPase regulator, SBS Sensenbrenner syndrome

Genetic Diseases Associated with Tubulointerstitial Nephritis



154

drug- induced tubulointerstitial kidney disease (calcineurin inhibitors, lithium, 
NSAIDs), autoimmune processes, or tubulointerstitial nephritis with uveitis syn-
drome (TINU).

4  Other Genetic Diseases of Interest

Heterozygous DNAJB11 mutations can present with slow progressive CKD with 
kidney failure late in life, normal sized kidneys, kidney fibrosis, and variable mani-
festations of multiple kidney cysts that may be clinically diagnosed as autosomal 
dominant polycystic kidney disease (ADPKD) or ADKTD. Homozygous DNAJB11 
mutations cause Ivermark II syndrome, a form of renal-hepatic-pancreatic dyspla-
sia, which presents with severe oligohydramnios, interstitial fibrosis, and kidney 
cysts. PAX2 mutations and mutations in mitochondrial DNA also can contribute to 
tubulointerstitial kidney disease. The ocular findings in patients with PAX2 muta-
tions (aka renal coloboma syndrome) should help to differentiate these patients 
from ADTKD.  In a mitochondrial disease, only maternal transmission would be 
anticipated.

5  Conclusion

Genetic forms of tubulointerstitial kidney disease may be more prevalent than pres-
ently recognized. Recognition of these tubulointerstitial diseases is critical to pre-
venting unnecessary exposure to immunosuppressive therapy and facilitating kidney 
transplantation. Clinicians should be familiar with the clinical features, epidemiol-
ogy, pathogenesis, diagnosis, therapies, and need for ongoing research in ADTKD 
and NPHP.
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Cystinosis

Francesco Emma and Elena Levtchenko

1  Introduction

Cystinosis is a rare monogenic autosomal recessive disease caused by mutations in 
the CTNS gene that encodes for cystinosin, a lysosomal H+/cystine symporter. 
Heterozygous carriers are asymptomatic, and display half the maximum cystine 
transport across their lysosomal membranes. In cystinosis, cysteine produced in 
lysosomes by the hydrolysis of proteins or taken up from the cytosol is oxidized to 
cystine and accumulates in virtually all organs; in several tissues cystine crystals 
form with time. Studies performed in the past two decades have revealed cell abnor-
malities that are related to defects in the cystinosin protein per se, independently 
from its transport activity. In addition to lysosomal cystine accumulation, the cur-
rent view of cell dysfunction in cystinosis includes impaired intracellular trafficking 
and endolysosomal dynamics, abnormal autophagy, altered mTORC1 signaling, 
cell oxidation, mitochondrial damage, and increased susceptibility to apoptosis. It 
remains unclear, which of the above abnormalities are primary events, and which 
are consequences.
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2  Genetics

The incidence of cystinosis is estimated at 1 in 100,000–200,000 live births, with 
few hot spots in some regions such as Britany or Quebec, where the incidence is 4–6 
time higher (a carrier frequency of 1:370 has recently been estimated in Germany). 
The CTNS gene is located on chromosome 17p13 and has been identified in 1998. 
It is composed of 12 exons and encodes for a 367-amino acid seven transmembrane 
domain cystine transporter. More than 160 different CTNS mutations, including 
deletions, insertions, nonsense, missense, and splice site mutations, have been 
reported. The most common mutation in Northern Europe is a 57 KB deletion that 
arouse in Germany around 500 AD and involves the first 10 exons of the CTNS and 
the neighboring the CARKL and the TRPV1 genes.

Three different phenotypes of cystinosis have been described. The most frequent 
form, termed infantile nephropathic cystinosis (INC) (OMIM 219800), accounts for 
more than 95% of cases. No phenotype-genotype correlation has been reported to 
date among individuals with this form of the disease. Rarely, patients present with a 
milder form, termed intermediate cystinosis (alternative designations: juvenile or 
adolescent cystinosis) (OMIM 219900), which is usually diagnosed in late child-
hood or adolescence in patients with asymptomatic proteinuria. The classic tubu-
lopathy of the infantile form is mild or absent, but most patients eventually progress 
to end-stage kidney disease (ESKD). Exceptionally, patients are diagnosed with 
ocular cystinosis (alternative designations: adult or benign cystinosis) (OMIM 
219750). These patients only present corneal and bone marrow cystine crystals and 
complain of photophobia. From the genetic standpoint, individuals with intermedi-
ate cystinosis carry one severe and one mild CTNS mutation; individuals with ocular 
cystinosis always have one or two mild CTNS mutations. The remaining of the text 
focus only on the most frequent INC.

3  Kidney Pathology

Excessive cystine accumulation results in formation of cystine crystals, which can 
be seen by phase contrast microscopy in virtually all organs of cystinosis patients. 
On electron microscopy, these crystals have hexagonal or rectangular shape and are 
localized in the lysosomes.

The kidneys are the first affected organs and demonstrate pathological changes 
during the first year of life. Renal tubules show remarkable irregularities of the 
tubular epithelium that is characterized by the presence within the same section of 
simplified flat cells and of enlarged cells with a prominent hyperchromatic cyto-
plasm. At the tubular-glomerular junction, cells typically undergo atrophy, causing 
the formation of the so-called swan-neck deformity that leads to the formation of 
“atubular glomeruli”. At early stages of the disease, the glomeruli appear normal, 
although giant multinucleated podocytes are frequently observed (Fig. 1). During 
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disease progression, patients develop focal and segmental glomerulosclerosis and 
extensive tubulo-interstitial lesions with tubular atrophy and interstitial fibrosis 
leading to kidney failure (Fig. 2).

4  Clinical Manifestations

4.1  Kidney Disease

INC is the most common cause of renal Fanconi syndrome in very young children. 
Patients usually develop growth retardation and other renal symptoms related to the 
proximal tubulopathy in the first year of life, mostly around 6  months of age. 
Clinical symptoms vary in severity and include rickets if treatment is not started 
rapidly. From the metabolic standpoint, the Fanconi syndrome is almost always 
complete, including polyuria, metabolic acidosis, electrolytes disturbances, 

Fig. 1 Kidney tissue of 
7-year-old male with 
cystinosis and renal 
Fanconi syndrome. Large 
multi-nucleated podocytes 
(arrow) and irregular 
tubular epithelial cells are 
characteristic for early 
disease stages

Fig. 2 End stage kidney 
tissue of 12-year-old 
female which was 
nephrectomized after 
kidney transplantation 
shows the total collapse of 
glomeruli (arrow), 
pronounced tubular 
atrophy and interstitial 
fibrosis
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hyperphosphaturia, hypermagnesuria, aminoaciduria, glucosuria, and low molecu-
lar weight proteinuria. Hypocalcemia is frequent and may cause secondary hyper-
parathyroidism. Patients may suffer from dehydration, in particular during acute 
illnesses. Overtime, kidney damage develops. Chronic interstitial inflammation sec-
ondary to cystine crystal depositions is always present. Progressive glomerular 
injury also contributes to proteinuria and to the decline in kidney function. Without 
cysteamine therapy, patients progress to ESKD around 10  years of age. If well 
treated, kidney function survival improves on average by 7–10 years.

4.2  Ocular Involvement

Corneal crystals start accumulating in the anterior third of the cornea during the first 
year of life and are always present at 16 months of age on slit lamp examination. 
They are diagnostic for INC, in particular if children have Fanconi syndrome. 
Without topical cysteamine therapy, children develop photophobia around 
5–10 years of age. Non-compliant patients may present blepharospasm, and in some 
cases corneal ulcerations in adulthood. Retinal accumulation of crystals may also 
occur. These complications are now rarely observed in compliant patients.

4.3  Growth Impairment

Patients with INC are born with normal height and weight, but rapidly develop fail-
ure to thrive, which often leads to the diagnosis. Growth retardation in INC is mul-
tifactorial, including malnutrition, rickets, acidosis, electrolyte imbalances, and 
CKD. Children with INC are on average shorter compared to children with kidney 
failure secondary to other causes, suggesting an intrinsic bone defect. This is further 
supported by experimental data showing poor growth of cystinotic mice in the 
absence of glomerular and tubular damage and by persistently impaired bone 
metabolism in patients with INC after successful kidney transplantation.

4.4  Other Clinical Findings

Cystinosis children usually have poor appetite and complain of nausea and vomit-
ing. Approximately one-third of young adults have mild hepatomegaly. Patients 
have decreased skin pigmentation; Caucasian individuals are frequently blond. 
Most patients manifest decreased production of sweat, tears and saliva. Idiopathic 
intracranial hypertension and pseudotumor cerebri secondary to non-absorptive 
hydrocephalus has been reported in several patients. Approximately half of patients 
not treated with cysteamine develop hypothyroidism during childhood and nearly 
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all in adulthood. After kidney transplantation, many develop insulin-dependent dia-
betes mellitus. Exocrine pancreatic insufficiency is rare.

Puberty is delayed by 1–3 years in most patients; untreated adult males have 
hypogonadotropic hypogonadism. Well-treated men can achieve normal sexual 
development, but most have azoospermia. To date, only one male patient with INC 
has fathered twins after testicular sperm aspiration combined with intracytoplasmic 
sperm injection. Female patients with preserved kidney function have normal ovula-
tory function and sex hormone levels, with several of them having given birth to 
normal children.

One of the most severe complications of INC that occurs primarily in untreated 
patients, is progressive development of a life-threatening vacuolar myopathy that 
begins distally in the hands and progresses centrally. Patients progressively develop 
hypophonic speech, swallowing difficulties, and restrictive lung disease due to 
weakness of the thoracic musculature. Untreated adults often develop other neuro-
logical symptoms, including seizures, memory losses, cognitive defects, stroke epi-
sodes, inability to walk, and loss of speech .

5  Diagnosis and Treatment

5.1  Symptomatic Therapy

All patients with renal Fanconi syndrome should be investigated for cystinosis. 
Corneal crystals on slit lamp examination are diagnostic but may only appear in the 
second year of life. The diagnosis is based on the demonstration of elevated leukocyte 
cystine concentrations and mutations in the CTNS gene. Cystine levels should be 
measured preferentially using a purified granulocyte fractions and is only available in 
specialized laboratories. To date, newborn screening programs have not been devel-
oped, although early treatment is crucial to improve the prognosis of kidney disease.

Symptomatic treatment includes the replacement of kidney losses secondary to 
the Fanconi syndrome. Patients often require nasogastric tubes or gastrostomies in 
their first years of life to receive large amounts of supplements and medications. 
Nutritional support is critical to guarantee appropriate and well-balanced caloric 
intake. Some patients, especially in Europe, are treated in the first years of life with 
indomethacin to reduce urinary volume losses. L-thyroxine supplementation should 
be prescribed to patients with hypothyroidism and insulin is generally required for 
patients developing diabetes mellitus. Rickets requires treatment with vitamin D 
and phosphate supplementation. Same patients also need calcium supplements. 
Growth retarded patients do not have growth hormone deficiency, but they can ben-
efit from growth hormone therapy, in particular if they have CKD, after correcting 
rickets, metabolic acidosis, and after providing adequate nutrition. Caution should 
be used in children with hyperparathyroidism. Physical exercise should be encour-
aged in all patients.
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Patients reaching ESKD can undergo kidney transplantation. The overall kidney 
graft survival is excellent and is, on average, superior to that for other conditions. 
Nonetheless, INC patients should receive standard antirejection therapy. The dis-
ease does not recur in the transplanted graft, but occasionally, cystine crystals origi-
nating from infiltrating monocytes can be observed in the transplant kidney biopsy.

5.2  Specific Treatment

From the 1980’s, the prognosis of INC has dramatically improved after introducing 
cysteamine for the treatment of this disease. Oral cysteamine penetrates the lyso-
somal membranes and interacts with cystine to produce cysteine and a cysteine- 
cysteamine mixed disulfide that can exit the organelle using other lysosomal carriers. 
Cysteamine bitartrate (Cystagon®) was approved in the US for treatment of cysti-
nosis in 1994 and in Europe in 1997. The recommended dose is 60–90 mg/kg/day 
or 1.3–1.95 g/m2/day, divided in 4 doses to be administered every 6 h. In 2013, an 
enteric-coated delayed-release formulation of cysteamine bitartrate (Procysby®) 
that can be administered every 12 h has been approved for clinical use in the US and 
in Europe. The doses of cysteamine should be titrated to maintain leukocyte cystine 
levels less than 1.0–1.5 nmol half-cystine/mg protein. The main side effects include 
gastric discomfort that can be attenuated with acid reducing therapy, and foul odor 
that significantly decreases compliance, particularly in adolescents. Exceptionally, 
patients have develop reactive angioendotheliomatosis skin lesions, striae rubrae, 
bone pain, and/or myalgia. Other infrequent side effects include drug- induced 
lupus, neutropenia, seizures, lethargy, somnolence and drug rash. Cysteamine is 
contraindicated in pregnant women.

Despite its very beneficial effects on kidney function, early initiation of cyste-
amine therapy delays but does not prevent progression to ESKD. In addition, cyste-
amine has little effect on the renal Fanconi syndrome. Treatment significantly 
improves growth and delays or even prevent all other complications of the disease. 
Patients treated with cysteamine since diagnosis are only entering in their forties 
now, and most are still in their twenties and thirties. More data are needed to assess 
the very long-term benefits of this therapy.

Systemic therapy does not reach the cornea. Therefore, patients need to use a 
cysteamine collyrium that is not well tolerated and needs to be employed very fre-
quently. Two commercial preparations have recently been introduced in the US and 
in Europe. CYSTARAN® is a 0.44% cysteamine eye drop solution with increased 
stability and tolerability, and CYSTADROPS® is a 0.55% viscous solution that can 
be applied four times per day and has shown long-term benefits on corneal crystal 
deposition.

Promising preclinical data have been obtained after bone marrow transplantation 
in cystinosis mice. The benefits of this therapy are related to infiltrating hematopoi-
etic stem cell-derived macrophages that can clear cystine crystals and rescue neigh-
boring cells by direct cell-cell contact mediated by tunneling nanotubes. An 
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allogenic hematopoietic stem cell transplantation has been performed in a 16-year-
old boy; the patient unfortunately expired after complications related to the trans-
plantation, but evidence of engraftment and improvement could be demonstrated. A 
phase I/II clinical trial (NCT03897361) using gene-corrected autologous hemato-
poietic stem cells is currently underway.
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Chronic Tubulointerstitial Nephritis: 
Hypokalemia, Hyperoxaluria, 
and Hyperuricemia

Carmen Elena Cervantes and Mohamed G. Atta

1  Introduction

Non-immune metabolic diseases are an important cause of chronic interstitial 
nephritis. These include metabolic disorders such as hypokalemia, hyperoxaluria 
and hyperuricemia/hyperuricosuria. Tubulointerstitial injury develops from various 
mechanisms and results in chronic kidney disease from interstitial fibrosis. For 
example, medullary ammonia accumulation activates the alternative complement 
pathway in hypokalemic interstitial nephritis. In contrast, excessive concentrations 
of urinary oxalate and uric acid lead to crystal formation and intra-renal deposition. 
In addition to tubular obstruction and direct tubular toxicity, these crystals activate 
the NALP-3 inflammasome in the interstitial cells, resulting in maturation of proin-
flammatory IL-1β and IL-18. Also, uric acid directly stimulates the nuclear factor- 
κB (NF-κB) signaling pathway. In this chapter, these metabolic causes are discussed. 
Table 1 summarizes these causes of tubulointerstitial nephritis.

2  Hypokalemic Chronic Interstitial Nephritis

2.1  Epidemiology

Hypokalemic chronic interstitial nephritis was first described in the mid 1950’s, 
particularly in patients with anorexia nervosa. It is more common in women than 
men and it is usually identified by the age of 25 years with an estimated prevalence 
of 15–20% among patients with eating disorders. In a 21 year follow up study of 
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Table 1 Summary of metabolic causes of chronic interstitial nephritis

Metabolic 
cause of 
chronic 
interstitial 
nephritis Etiologies Mechanism Clinical presentation Treatment

Hypokalemia Eating disorders 
(e.g., anorexia 
nervosa)
Primary or 
secondary 
hyperaldosteronism
Bartter and 
Gittelman 
syndromes
Herbs (glycyrrhiza 
species)

Ammoniagenesis 
in the proximal 
tubules ➔ NH3 
accumulation in 
the medullary 
interstitium 
causes alternative 
complement 
pathway 
activation via C3

Low plasma 
potassium, high 
aldosterone, and 
variable renin levels
Low molecular 
weight proteinuria
Medullary renal 
cysts
Kidney biopsy: 
focal lymphocytic 
cellular infiltrate, 
vacuoles in the 
proximal and distal 
tubular cells, 
hypertrophy, and 
hyperplasia of the 
juxtaglomerular 
apparatus

Potassium 
repletion
Potassium 
sparing diuretics
Focused on the 
underlying 
etiology
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Table 1 (continued)

Metabolic 
cause of 
chronic 
interstitial 
nephritis Etiologies Mechanism Clinical presentation Treatment

Calcium 
oxalate

Primary oxaluria ➔ 
defective enzyme 
activity resulting in 
endogenous 
production of 
oxalate
Secondary forms ➔ 
enteric 
hyperoxaluria, with 
fat malabsorption 
being the most 
common one, 
followed by high 
dietary oxalate 
intake
Medications such as 
ascorbic acid and 
orlistat
Juicing drinks
Ethylene glycol

Crystal dependent 
mechanism ➔ 
NALP3 
inflammasome 
pathway 
activation

Proteinuria
Hematuria
Urinary oxalate 
crystals
Kidney biopsy:  
mononuclear 
interstitial 
infiltration, calcium 
oxalate crystals in 
the tubules and 
interstitium, 
periglomerular and 
interstitial fibrosis

Diet: Increased 
fluid and 
calcium, and 
decreased fat 
and oxalate 
intakes
Unproven 
benefit: 
cholestyramine
In primary 
oxaluria type 1: 
Lumasiran, 
pyridoxine
Novel therapies 
under study: 
substrate 
reduction 
therapies 
(siRNA, 
inhibitors, or 
gene silencing) 
and replacement 
therapies 
(enzyme 
replacement, 
cell, or gene 
therapy
Liver-kidney 
transplantation 
for primary 
hyperoxaluria 
type 1
Restoration of 
bowel 
continuity in 
secondary 
forms related to 
bariatric surgery

(continued)
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patients with anorexia nervosa, 5.2% developed end-stage kidney disease (ESKD) 
after diagnosis.

Other causes of severe hypokalemia linked to interstitial nephritis include chronic 
vomiting, laxative or diuretic abuse, Bartter and Gitelman syndromes, primary 
hyperaldosteronism or conditions that mimic an aldosterone excess, such as those 
associated with the consumption of herbs containing glycyrrhiza species.

2.2  Pathophysiology

Low potassium nephropathy is characterized by a state of mineralocorticoid excess 
in its primary forms or secondary to hypovolemia, which results in maintenance of 
hypokalemia. Chronic exposure of the kidney to the downstream effects of hypoka-
lemia can ultimately result in tubulointerstitial injury and fibrosis—the essence of 
hypokalemic nephropathy.

In the proximal tubule, hypokalemia increases the production of ammonia (NH3) 
from the cellular metabolism of glutamine. This process generates ammonium 
(NH4

+), which is secreted to the lumen by the Na+/H+ exchanger and subsequently 
reabsorbed via the apical Na+-K+(NH4

+)-2Cl− cotransporter and basolateral Na+-
H+(NH4

+) exchanger 4 in the thick ascending limb of the Loop of Henle. The net 
effect is an increased concentration of NH4

+ in the medullary interstitium, which in 
turn dissociates into H+ and NH3 (Fig. 1). The latter induces alternative complement 
pathway activation. Under normal conditions, complement activation is dampened 
by complement factor regulators, but the excessive amount of ammonia saturates 
the system, culminating in uncontrolled complement terminal pathway activation, 
tissue injury, inflammation, and subsequent fibrosis.

Table 1 (continued)

Metabolic 
cause of 
chronic 
interstitial 
nephritis Etiologies Mechanism Clinical presentation Treatment

Uric acid High dietary intake 
of purines or food 
high in 
carbohydrates and 
salt
High cell turnover 
states (e.g., tumor 
lysis syndrome)
Chronic kidney 
disease, diuretics, 
Mesoamerican 
nephropathy
UMOD mutation

Crystal 
independent 
mechanism ➔ 
NF-κB signaling 
pathway 
activation in the 
tubular cells and 
oxidative stress
Crystal dependent 
mechanism ➔ 
NALP3 
inflammasome 
pathway 
activation

Bland urine 
sediment, mild 
proteinuria, and 
hyperuricemia
Medullary cysts – in 
patients with 
UMOD mutation
Kidney biopsy: 
glomerulosclerosis, 
tubulointerstitial 
fibrosis, and uric 
acid crystal 
deposition in the 
tubules and medulla

Allopurinol, 
febuxostat and 
urine 
alkalinization 
(unproven 
benefit)
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Another mechanism that may be playing a role in hypokalemic chronic intersti-
tial nephritis is collecting tubular cell hyperplasia. In animal models, a decrease in 
extracellular potassium concentration with the subsequent intracellular acidosis 
promotes protein synthesis via an increase in growth factors. The resulting hyper-
plasia of the collecting-tubule cells in the outer medulla obstructs the tubular lumen, 
creating tubular dilatation, and medullary cysts.

2.3  Histopathology

Almost 75% of the cases of hypokalemic chronic interstitial nephritis show a focal 
lymphocytic cellular infiltrate in the interstitial space. Other characteristic patho-
logic findings include vacuolar formation in the proximal and distal tubular cells, 

OUTER 
MEDULLA

INNER 
MEDULLA

CORTEX

Proximal 
tubule

Loop of 
Henle

Na+

H+

Ammoniagenesis 
NH4+

NH4+

NH4+

NH3
+

H+

Na+

2Cl-
K+

NH4+

NH4+

NH3
C3

C3b

C3bC3b

C3

iC3b

C3
convertase

+

C5 
convertase

C3a

C5a

C5b

Medullary Interstitial Space

Fig. 1 Mechanism of interstitial nephritis in hypokalemia. Severe hypokalemia induces ammonia-
genesis in the proximal tubule. Ammonium (NH4

+) is secreted to the lumen by the Na+/H+ 
exchanger and it is reabsorbed via the apical Na+-K+(NH4

+)-2Cl− cotransporter and basolateral 
Na+(NH4

+)-H+ exchanger 4 in the thick ascending limb of the Loop of Henle. The net effect is an 
increased concentration of NH4

+ in the medullary interstitium, which will dissociate into H+ and 
NH3. Ammonia induces alternative complement pathway activation via C3. Under normal condi-
tions, C3b inhibitor (iC3b) maintains a balance, but the excessive amount of ammonia saturates the 
system, culminating in complement activation. Abbreviations: Ammonium (NH4

+), ammonia 
(NH3), C3b inhibitor(iC3b)
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and hypertrophy and hyperplasia of the juxtaglomerular apparatus. The latter occurs 
at least 1 month after the onset of severe hypokalemia and may be reversible with 
potassium repletion.

2.4  Clinical Picture

As observed with most patients with tubulointerstitial disease, there are very few 
clinical symptoms or signs of kidney disease. Patients may manifest neuromuscular 
findings of hypokalemia (muscle weakness, cramps, etc.) and nocturia from loss of 
renal concentrating ability. Laboratory findings include low plasma potassium, high 
aldosterone, and variable renin levels. In addition, markers of tubular injury such as 
urine β2-microglobulin and low molecular weight proteinuria can be seen. 
Albuminuria is infrequent due to absence of glomerular damage but up to 44% of 
these patients develop medullary renal cysts.

2.5  Treatment

The therapy should be focused on addressing the underlying condition. Potassium 
repletion, potassium-sparing diuretics like epithelial sodium channel blockers (e.g., 
amiloride, triamterene), or mineralocorticoid antagonists (e.g., spironolactone, 
eplerenone) can be used.

3  Oxalate Nephropathy

3.1  Epidemiology

Oxalate nephropathy is a well-recognized entity that can present with kidney stone 
formation and/or chronic kidney disease (CKD). Acute oxalate nephropathy may 
also be seen. The etiology of hyperoxaluria can be primary from inherited diseases 
or secondary to a variety of disorders (gastric bypass procedures, gastrointestinal 
diseases, pancreatic insufficiency, drugs, etc.).

Primary hyperoxaluria usually presents at a mean age of 9.5 years. Three genetic 
types have been described, but the most common and severe one is caused by an 
autosomal recessive defect in the vitamin B6 dependent hepatic peroxisomal 
enzyme alanine glyoxalate aminotransferase, which results in an increased endog-
enous production of oxalate. ESKD develops in approximately 43% of the patients 
with type 1 primary hyperoxaluria within 30  years following the diagnosis. The 
prevalence of primary oxaluria is highest in countries with high rate of consanguin-
ity such as Middle Eastern countries.
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In contrast, secondary forms present at a mean age of 56 years and up to 58% of 
these patients progress to ESKD. Secondary hyperoxaluria is commonly caused by 
fat malabsorption (75%), followed by high dietary oxalate intake, and less fre-
quently decreased intestinal oxalate degradation, and increased colonic permeabil-
ity to oxalate. Medications such as high-dose ascorbic acid, various high oxalate 
containing juicing drinks, intoxicants such as ethylene glycol, and the gastrointestinal- 
lipase inhibitor orlistat are associated with oxalate nephropathy.

3.2  Pathophysiology

Oxalate is derived from the hepatic metabolism of glyoxylate, amino acids, and 
carbohydrates or from exogenous dietary sources. It is primarily filtered by the 
glomeruli and secreted by the proximal tubules without expected renal reabsorption. 
In hyperoxaluria, the solute-linked carrier 26 A1 (SLC26A1) transporter is overex-
pressed on the basolateral side of the proximal tubules to enhance its secretion into 
the lumen via the Cl−/oxalate exchanger (SLC26A6) expressed on the brush-border 
membrane of proximal tubular cells.

Urinary oxalate binds with calcium and in higher concentrations, it causes calcium 
oxalate supersaturation and crystal formation. This can take the form of stones (neph-
rolithiasis) and/or tissue calcifications (nephrocalcinosis). Calcium oxalate crystals 
have toxic effects on the interstitial, epithelial and tubular cells. As shown in Fig. 2, 
the nucleotide-binding domain leucine-rich repeat inflammasome (NALP3) proteins 
are stimulated in response to high oxalate levels and lead to maturation of proinflam-
matory IL-1β and IL-18. The inflammasomes are intracellular protein complexes, 
part of the innate immune system, that lead to activation of pro- inflammatory caspase 
1, thereby mediating apoptosis, interstitial inflammation, and fibrosis.

3.3  Histopathology

In acute settings, acute tubular injury and mononuclear interstitial infiltration are 
seen. Other findings include calcium oxalate crystals in the tubules and interstitium 
(Fig. 3), and approximately 70% of patients already have evidence of chronicity, 
such as interstitial fibrosis, mesangial matrix expansion and periglomerular fibrosis.

3.4  Clinical Presentation

Patients generally present with symptoms and signs of nephrolithiasis with flank 
pain and hematuria. Acute or chronic kidney disease may also be seen. Common 
urinary findings include proteinuria (69%), followed by hematuria (32%), and 
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Tubular Epithelial and Interstitial Cells

Calcium oxalate 
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Particle 
accumulation

Lysosome 
damage Particle release

NALP3 inflammasome 
complex pro-IL-1β

pro-IL-18

IL-1β

IL-18

IL-1β
IL-18

NALP3

Caspase-1
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Fig. 2 Mechanism of interstitial nephritis in oxalate nephropathy. Calcium oxalate crystals have 
toxic effects on interstitial, epithelial, and tubular cells. Human kidney cells have the ability to 
phagocytose crystals, but given the urinary and tissue supersaturation of calcium oxalate, particle 
accumulation and lysosomal damage occur. This results in a release of cytotoxic substances such 
as lysosomal enzymes and crystals that culminate on the activation of NALP3. This molecule 
recruits the adaptor ASC and caspase 1, which cleaves pro-inflammatory cytokines and allow for 
maturation of IL-1β and IL-18. Subsequently, these interleukins will be released through mem-
brane pores into the interstitial space, amplifying the inflammatory response. Abbreviations: 
Nucleotide-binding domain leucine-rich repeat (NALP3), inflammasome adaptor protein (ASC)

a b

Fig. 3 (a) shows intratubular calcium oxalate crystals with gray-white and spiculated appearance 
(arrows). Under polarized light the crystals show positive birefringence (arrows) as seen in (b). 
(Images courtesy of Gabriel Giannini, MD)
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urinary calcium oxalate crystals (26%). The finding of calcium oxalate crystal casts 
is diagnostic of oxalate nephropathy, although a kidney biopsy may be required in 
some cases. High oxalate levels in the serum (>9 mmol/l) and urine (>45 mg/24 h) 
are also described.

3.5  Treatment

General management includes supportive measures such as increased fluid, citrate, 
and calcium intake, along with decreased fat and oxalate consumption. Therapies 
with unproven benefit include cholestyramine and microbiome manipulation. Using 
RNA interference technology, the new agent Lumasiran has been demonstrated to 
reduce levels of glycolate oxidase (GO) enzyme by targeting the hydroxyacid oxi-
dase 1 (HAO1) messenger ribonucleic acid (mRNA) in hepatocytes. Decreased GO 
enzyme levels reduce the amount of available glyoxylate, a substrate for oxalate 
production. Administered subcutaneously as a loading dose, based on body weight, 
followed by monthly or quarterly dosing scheme, it reduces urinary oxalate excre-
tion by about 50% at 6 months compared to placebo.

Pyridoxine (B6) at 20 mg/kg/d has been shown to also decrease urinary oxalate 
excretion by approximately 30% on patients with primary hyperoxaluria type 1, 
specifically in those with the p.Gly170Arg mutation. Combined liver-kidney trans-
plantation can be used for primary hyperoxaluria type 1 with systemic oxalosis and 
end organ damage as it prevents disease recurrence in the kidney allograft. Other 
agents are being tested to treat all types of primary hyperoxaluria including sub-
strate reduction therapies (siRNA, inhibitors, or gene silencing) and replacement 
therapies (enzyme replacement, cell or gene therapy). Restoration of bowel continu-
ity has been implemented in secondary forms related to bariatric surgery.

4  Uric Acid Nephropathy

4.1  Epidemiology

Approximately 20% of the US population has hyperuricemia, defined as uric acid 
levels greater than 7 mg/dL in men and 6.0 mg/dL in women. Although higher levels 
are both a cause and a consequence of kidney disease, most studies support the role 
of hyperuricemia as an independent risk factor for CKD, with a 2-to 10-fold 
increased risk, especially among women.

Exogenous sources of purines such as meats, alcohol, and fructose, and endog-
enous ones, like high cell turnover states (i.e., tumor lysis syndrome) can lead to 
hyperuricemia. Further, genetic mutation in the uromodulin (UMOD) gene can 
cause autosomal dominant tubulointerstitial nephritis, leading to ESKD by age 54. 
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In Mesoamerican nephropathy, although the cause of CKD remains uncertain, 
hyperuricemia and hypokalemia are common findings.

4.2  Pathophysiology

Uric acid can be generated from amino acid precursors in the liver by the action of 
xanthine oxidase, or through purine degradation (e.g., nucleic acids). Due to the 
absence of urate oxidase in humans, serum uric acid is mostly excreted by the renal 
and gastrointestinal systems.

In the kidneys, more than 90% of filtered urate is reabsorbed in the proximal 
tubules via the apical URAT1 (SLC22A12) and the basolateral transporter GLUT9 
(SCLC2A9). Interestingly, later in the proximal tubule, it undergoes extensive 
secretion.

Uric acid induces inflammation through crystal dependent and independent 
mechanisms. Similar to oxalate nephropathy, the NALP3 inflammasome is acti-
vated by monosodium urate crystals and promotes tubular-interstitial inflammation 
through IL-1β and IL-18. Further, urate directly activates the nuclear factor- κB 
(NF-κB) signaling pathway in the tubular cells, resulting in T cell and macrophage 
accumulation in tubular epithelial cells and more predominantly in tubular intersti-
tial spaces (Fig. 4). Consequently, the release of pro-inflammatory cytokines such as 
TNF-α, MCP-1 and RANTES amplifies the initial inflammatory response, oxidative 
stress, and apoptosis. Eventually, pro-fibrotic cytokines activate matrix-producing 
cells and transforms renal tubular cells to a mesenchymal phenotype capable of 
producing prorenin and activating the renin angiotensin aldosterone system. This 
leads to glomerular hypertrophy and tubulointerstitial inflammation even in the 
absence of crystal deposition.

4.3  Histopathology

Kidney biopsy shows arteriolosclerosis, glomerulosclerosis, tubulointerstitial fibro-
sis, and uric acid crystal deposition in the tubules and medulla (Fig. 5). The intra- 
renal crystals can generate a granulomatous reaction and micro-tophi, especially 
within the medulla.

4.4  Clinical Presentation

Urate nephropathy has nonspecific features, including decreased kidney function, 
bland urine sediment, mild proteinuria, and hyperuricemia. However, uric acid crys-
tals (Fig. 5) may be seen and may point to the diagnosis of uric acid nephropathy in 
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Fig. 4 Mechanism of interstitial nephritis in hyperuricemia. Uric acid induces inflammation 
through crystal dependent and independent mechanisms. Monosodium urate crystals activate the 
NALP3 inflammasome as described in Fig. 2, which induces the maturation of IL-1β and IL-18. 
Soluble uric acid directly activates the nuclear factor- κB (NF-κB) signaling pathway in the tubular 
cells to increase ICAM-1 expression. The net effect is T cell and macrophage accumulation in 
tubular epithelial cells and more predominantly in tubular interstitial spaces. Abbreviations: 
Nucleotide-binding domain leucine-rich repeat (NALP3), inflammasome adaptor protein (ASC), 
intercellular adhesion molecule-1 (ICAM-1)

Fig. 5 H&E stain shows 
uric acid deposits in the 
renal medulla, with the 
typical needle-like crystals 
surrounded by some 
mononuclear inflammatory 
reaction (arrows).  
(Image courtesy of Serena 
Bagnasco, MD)
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the appropriate clinical setting. CKD of unclear etiology can be seen in multiple 
family members with undiagnosed UMOD gene mutation. Hyperuricemia and 
gouty arthritis are very common clinical features and medullary cysts have been 
reported in 30–70% of these patients. Some patients may also develop uric acid 
nephrolithiasis. 

4.5  Treatment

The beneficial effect of uric acid lowering therapies such as the xanthine oxidase 
inhibitor (allopurinol), febuxostat, or urine alkalinization on the progression of 
chronic urate tubulointerstitial nephropathy have been controversial due to limited 
data quality and more data are needed.

5  Conclusion

Metabolic disorders such as hypokalemia, hyperoxaluria, and hyperuricemia/hyper-
uricosuria can cause chronic interstitial nephritis and result in chronic kidney dis-
ease from interstitial fibrosis. The mechanistic pathways involved include medullary 
ammonia accumulation followed by alternative complement pathway activation in 
hypokalemic interstitial nephritis; and direct tubular toxicity and activation of the 
NALP-3 inflammasome by oxalate and uric acid crystals. The development of end- 
stage kidney disease has been described in all these conditions. Therefore, it is 
important to identify these metabolic disorders in a timely manner, especially since 
newer therapies are now available and can prevent kidney related morbidity.
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1  Historical Perspectives

Environmental and occupational exposures of nephrotoxic substances have been 
studied extensively since the onset of the industrial age. As early as the nineteenth 
century, physicians understood that lead exposure was associated with kidney dis-
ease. Notable cases of large-scale industrial and environmental exposures have 
helped define the scope and degree of some kidney diseases, although the true con-
tribution of individual toxic exposures to kidney disease remains a challenge to 
determine. Investigations in children in Queensland, Australia exposed to 
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lead- based paints between 1890 and 1930 helped determine the extent and proper-
ties of lead-induced nephropathy. In the early twentieth century, residents in 
Toyama, Japan suffered from mass-exposure to cadmium giving rise to itai-itai 
(“Ouch Ouch”) disease. The etiology of Balkan Endemic Nephropathy remained a 
mystery for several decades until a series of case reports in the early 1990s docu-
menting acute toxicity from medicinal herbs containing Aristolochia revived an old 
hypothesis of aristolochic acid as the causative agent, linking together the chronic 
condition of Balkan Endemic Nephropathy with the acute condition of Chinese 
Herb Nephropathy. The toxicological literature is limited by its nature, with a heavy 
reliance on case reports, case series and animal models; similarly, diagnosis of 
toxin-induced kidney disease relies at least as much on careful history-taking as it 
does upon biological markers of toxin-specific disease, with some exposures (e.g., 
lithium, ionizing radiation) producing chronic kidney disease (CKD) years or 
decades in the future.

2  Heavy Metal Toxicity

A number of metals are able to cause tubulointerstitial nephritis (TIN), generally 
due to tubular damage from reactive oxygen species or interruption of normal meta-
bolic processes. Tubulointerstitial disease caused by heavy metal toxicity is a com-
plication of prolonged exposure, largely in occupational settings; while blood and 
urine levels of metals may be helpful, exposure history is key to the diagnosis. 
Heavy metals primarily affect the kidney through the proximal tubules and may 
induce generalized proximal tubular dysfunction (e.g., Fanconi syndrome) in earlier 
stages of toxicity, with TIN generally as a later finding. Common sources and extra-
renal toxicities of selected heavy metals are listed in Table 1.

Table 1 Heavy metals implicated in development of tubulointerstitial nephritis

Metal Example sources Extrarenal disease

Arsenic Groundwater, manufacturing 
(plywood, others)

Hair loss, blood dyscrasias, cancer (skin; 
many others), peripheral vascular disease

Cadmium Mining; environmental runoff Bone disease and fractures
Chromium Mining, electroplating Lung, liver, skin disease
Lead Mining, refining, paint; battery 

manufacture; moonshine
Hypertension, gout, anemia, peripheral 
neuropathy

Mercury Manufacturing (batteries, light bulbs); 
cosmetics; traditional medicines

Neuropsychiatric disease

Uranium Mining; contaminated groundwater; 
warfare

Radiological toxicity (cancer, multiorgan 
disease)
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2.1  Lead

Tubulointerstitial nephritis due to lead toxicity, known as lead nephropathy, is a 
complication of years (5–30) of exposure to high levels of lead (blood lead levels 
exceeding 60 μg/dL). Lead nephropathy is rare in developed countries; with removal 
of lead from paints and automotive fuels, blood lead levels in the United States 
rarely exceed 5 μg/dL in the modern era, and occupational controls mandate removal 
from the workplace for workers with lead levels greater than 50 μg/dL. While lead 
is ubiquitous in the environment, most kidney disease associated with lead is related 
to occupations such as mining and ore refining, work involving batteries, smelting, 
and welding, among others. In such settings, multiple prospective studies have sup-
ported the causative role of lead in the development of CKD. Historically, acute 
childhood lead poisoning related to ingestion of lead-containing paint may lead to 
TIN, as seen in an early twentieth century epidemic in Australia; in the modern era, 
this is rarely seen due to reduced household lead exposures, childhood lead level 
screening, and treatment of lead toxicity with chelation.

Lead nephropathy should be considered in the setting of chronic kidney disease 
of unclear etiology typically associated with a normal urine sediment, hypertension 
and gout. Ultimately, the diagnosis relies on a history of current or prior lead expo-
sure, along with a host of extrarenal effects including anemia, peripheral neuropa-
thy, neurodevelopmental issues, and others. Whole blood lead measurement is 
needed but level may not be high if dose exposure has significantly declined or 
ceased. In certain circumstances, diagnostic chelation may be needed but best per-
formed by a clinician with expertise in the field because of potential associated side 
effects. Of note, generalized proximal tubular dysfunction may result from acute 
lead poisoning, often resolving with avoidance and treatment if needed.

2.2  Cadmium

Common exposures to cadmium include food grown with contaminated water or 
soil, cigarette smoke, and occupational exposure including agricultural fertilizers, 
and industrial processes (e.g., batteries, pigments, and welding). A well-known inci-
dent of large-scale contamination of groundwater with cadmium-containing indus-
trial waste in the Toyama city of Japan gave rise to the disease entity known as 
Itai-Itai (“Ouch-Ouch” disease) in the early-to-mid twentieth century, characterized 
by kidney disease, osteomalacia and osteoporosis, and bone fractures.

Cadmium toxicity affects a wide range of organs, including skeletal, respiratory, 
cardiovascular, hepatic, and renal systems. After initial exposure, cadmium is bound 
to albumin in plasma, where it is subsequently transported to the liver; the Cadmium- 
Albumin complex is degraded, releasing free cadmium which induces the 
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production of hepatic metallothioneins, low molecular weight proteins which bind 
physiological and xenobiotic heavy metals to prevent tissue injury from generation 
of reactive oxygen species. After hepatic injury, Cadmium-metallothionein (Cd- 
MT) complexes enter systemic circulation where they are freely filtered in the 
glomerulus and readily reabsorbed in the proximal tubules. Cd-MT complexes are 
degraded by the renal proximal tubules cell lysosome system, releasing cadmium 
ions which then induce synthesis of renal metallothionein proteins. This process 
continues until the ability of proximal tubule cells to synthesize metallothionein 
proteins is exhausted, after which free cadmium ions generate locally destructive 
reactive oxygen species. Continued insult of the proximal tubules with cadmium 
presents clinically with Fanconi syndrome: glucosuria, aminoaciduria, low molecu-
lar weight proteinuria.

2.2.1  Diagnosis of Cadmium Toxicity

Low molecular weight proteins such as beta2-microglobulin, retinol binding protein, 
and N-acetyl-Beta-D-glucosaminidase are sensitive urinary markers for tubular 
dysfunction in patients exposed to cadmium. Importantly, these urine proteins are 
not detected on standard urine dipstick assays. Previously, total body cadmium was 
estimated with urine cadmium (U-Cd) levels based on published associations of 
U-Cd levels with kidney cortex cadmium (K-Cd) in industrial workers with heavy 
inhalation exposures. A systemic review in 2015 did not reveal evidence for pro-
gression to CKD in workers and the general population exposed to cadmium.

2.2.2  Treatment of Cadmium Toxicity

The mainstay of toxic exposure management is removal from source and avoidance 
of further exposure. Unlike the comparatively better-studied chelation therapy pro-
tocols for lead toxicity, the benefit of chelation therapy for cadmium toxicity is 
controversial. Not all experts agree with the use of chelation therapy for acute cad-
mium toxicity, as mobilization of total body cadmium stores may exacerbate acute 
kidney injury by exposing the kidney to even higher concentrations of cadmium. 
However, greater evidence exists for the benefit of chelation therapy in chronic 
exposure, which is best discussed with an occupational physician with expertise in 
heavy metal toxicity.

2.3  Arsenic

Arsenic poisoning is of great historical significance, with a number of occupational – 
and intentional (i.e., murders) – poisonings prior to the twentieth century. Inorganic 
arsenic is significantly toxic, with mechanisms of toxicity involving production of 

C. Cobb et al.



189

reactive oxygen species and interference with cellular energy pathways. In contrast, 
organic arsenic is frequently found in seafood and ingested regularly, with little to 
no observable toxicity. Acute and chronic arsenic toxicity can affect nearly every 
organ system.

Arsenic has been shown to cause kidney disease in animal models. However, 
arsenic has very weak association with tubulointerstitial nephritis, with only a sin-
gle case report in humans; to further complicate the utility of this case, there was no 
clear source of arsenic, and inorganic arsenic was not clearly delineated from total 
urinary arsenic levels (i.e., it is possible that TIN in this case was misattributed to 
arsenic). Given the rarity and uncertainty of arsenic’s role in causing TIN, the utility 
of chelation is not established.

2.4  Chromium

Hexavalent chromium is a cytotoxic substance which has been implicated in kidney 
disease, largely through animal studies and population studies of exposed occupa-
tional workers, but with a somewhat unclear causative role in the development of 
CKD. Significant chromium exposure primarily occurs through mining and electro-
plating industries; chromium has significant extrarenal toxicity including lung, skin, 
and liver disease in chronic exposure, as well as caustic injury and multiorgan fail-
ure in acute poisoning. Kidney damage due to Tubulointerstitial disease has largely 
been demonstrated in animal models. The nephrotoxicity of chromium seems to 
worsen with concomitant lead and cadmium exposure.

2.5  Mercury

Mercury naturally occurs in three forms: elemental, inorganic, and organic. 
Inorganic and elemental mercury poisoning largely occurs in industrial settings: 
manufacturing of technical instruments, electroplating, mining, and refining; these 
forms of mercury are most associated with kidney disease. The most prominent 
(and generally most concerning) manifestations of elemental mercury poisoning are 
neurological, with uncommon cases of kidney disease; inorganic mercury poison-
ing is more associated with gastrointestinal and kidney toxicity. Organic mercury 
compounds are largely found in contaminated seafood, and primarily cause neuro-
logical disease.

While tubulointerstitial nephritis has been reported, mercury is more commonly 
implicated in causing glomerular disease (largely membranous nephropathy) and 
proximal tubular dysfunction. Studies of workers exposed to mercury largely reveal 
elevated kidney injury markers without decrease in glomerular filtration rate (GFR). 
While removal from source is paramount, the role of chelation in TIN related to 
mercury exposure is not clearly defined.
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2.6  Uranium

Chronic uranium exposure has been associated with TIN, although human exposure 
studies are less definitive than animal studies demonstrating proximal tubular dis-
ease. While studies in occupational settings did not suggest decrease in GFR from 
uranium exposure, elevated kidney injury markers have been noted in patients 
exposed to uranium through occupational, environmental, and military settings. 
Depending on the source, uranium may be radioactive, leading to a combination of 
chemical toxicity (largely affecting the kidneys) and radiological toxicity (increase 
in frequencies of bone and other cancers). Management of uranium poisoning is 
best handled by providers with expertise in both chemical and radiation toxicity; 
chelation is sometimes employed.

2.7  Treatment of Heavy Metal Toxicity

The mainstay of therapy for heavy metal toxicity is removal from the source of 
poisoning; this generally involves removal from the workplace and industrial con-
trols to limit worker exposure to metals. Chelation may be indicated for certain 
heavy metals, with indications best established in management of lead toxicity; 
however, the clinical utility of chelating agents is often poorly established. The deci-
sion to chelate is best made in consultation with an expert in occupational medicine 
or medical toxicology. Referral to these specialists is recommended for initial man-
agement of toxicity, as well as subsequent management which generally involves 
follow-up monitoring of blood or urine metal levels. Various chelating agents, 
which may be used for specific metals are summarized in Table 2.

Table 2 Chelating agents used to treat heavy metals causing TIN

Metal
Usual chelator of 
choice Alternate agent(s)

Arsenic Dimercaprol DMPS (non-US)
Cadmium Chelation not 

recommended
Chromium Chelation not 

recommended
Lead Succimer Sequential dimercaprol + EDTA (in lead encephalopathy); 

D-penicillamine
Mercury Succimer Dimercaprol
Uranium DTPA EDTA, bicarbonate

DTPA diethylenetriaminepentaacetic acid, EDTA ethylenediaminetetraacetic acid, DMPS dimer-
captopropanesulfonic acid
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3  Plants, Mushrooms, and Herbal Medications

A number of dietary and traditional medicinal compounds have been associated 
with kidney disease, often through development of TIN. In Europe and elsewhere, 
foraging and consumption of Cortinarius orellanus and Omphalatus orarius which 
contain orellanine and similar toxins can cause acute kidney injury (AKI) due to 
generation of reactive oxygen species; this may lead to development of CKD and 
end-stage kidney disease (ESKD) from TIN. Similarly, the toxin allenic norleucine 
from Amanita smithiana mushrooms in the northwestern United States may lead to 
tubular damage ultimately resulting in TIN. Herbal medications have been impli-
cated in a relatively large proportion of kidney disease in sub-Saharan Africa; it is 
not clear whether this is due to TIN. Aristolochic acid-containing plants and medi-
cations are widely recognized to cause kidney disease.

Aristolochic Acid Nephropathy (AAN) is the collective term for Balkan Endemic 
Nephropathy (BEN) and Chinese Herb Nephropathy (CHN), conditions attributed 
to chronic (BEN) or acute (CHN) exposure to aristolochic acid (AA). Chronic AA 
exposure results in insidious onset of kidney disease, characterized by tubular dys-
function and later atrophy, tubular proteinuria, aseptic leukocyturia, a more preco-
cious anemia than expected for given stage of kidney disease (likely due to early 
destruction of erythropoietin-secreting peritubular cells), and, often, the absence of 
hypertension in contrast to most kidney disease. Acute AA toxicity, however, is 
more pronounced, with rapid decline of kidney function noted. Kidney damage is 
almost invariably irreversible.

The mechanism of AA nephrotoxicity is still uncertain, although the formation 
of AA-DNA adducts and interference of endocytosis of tubular cells is thought to 
play a role. Roughly 30–50% of individuals with AAN also develop urothelial can-
cers, typically along the upper urinary tract transitional epithelium (renal pelvis and 
ureters). AA-DNA adducts have also been implicated in the creation of T → A and 
A → T missense mutations of p53 tumor suppressor genes linked with the urologi-
cal malignancies seen in AAN patients.

Aristolochic acid is the causative agent for two similar tubulointerstitial disease 
processes: BEN, a chronic kidney disease associated with upper urinary tract can-
cers from chronic exposure to grain contaminated with Aristolochia clematitis 
(European birthwort), and CHN, an acute toxicity attributed to use of herbal supple-
ments containing extracts of plants from the Aristolochiaceae family (birthworts), 
including cosmopolitan genera Aristolochia and Asarum (wild ginger).

Balkan Endemic Nephropathy was first recognized in the mid-twentieth century 
in communities living along the Danube River in Serbia, Bulgaria, Romania, 
Croatia, and Bosnia and Herzegovina. Several different agents, including mycotox-
ins and heavy metals, were suspected as the etiology of BEN for decades before AA 
was finally determined to be the causative agent in the 1990s and 2000s based on the 
presence of DNA-AA adducts in the kidneys of all affected individuals.
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Interestingly, a significant clue to the etiology of BEN occurred in 1993 when 
several women in Belgium under the age of 50 years suffered acute toxicity and 
profound kidney disease after a dietary supplement which was supposed to contain 
Stephania tetrandra (“hang fang ji”) erroneously contained Aristolochia fangchi 
(“guang fang ji”) instead. Subsequent investigations revealed similarities between 
patients with acute AA toxicity and patients with BEN.

Management of AAN needs to consider both urothelial cancers and kidney 
disease. Because of the high risk of urothelial cancers, urinary cytology surveillance 
for abnormal cells is strongly recommended. However, whether bilateral nephroure-
terectomies need to be performed prior to kidney transplantation remain uncertain. 
There is no proven therapy to slow progression of kidney disease in this setting, but 
recurrence post transplantation seems unlikely.

4  Therapeutic Agents

A large proportion of chemotherapeutic agents used in the treatment of cancer are 
nephrotoxic, with potential to cause acute kidney injury and chronic kidney disease; 
a large French study noted that nephrotoxic chemotherapy was used in 80% of can-
cer patients. Many of these agents produce tubular damage and may result in TIN 
and CKD. Due to space limitations, we will focus this discussion on platinum-based 
agents, cisplatin in particular; but also, lithium salts and analgesic nephropathy.

Platinum-Based Agents Platinum-based agents used for chemotherapy include 
cisplatin, carboplatin, and oxaliplatin; of these drugs, cisplatin use is most often 
associated with development of kidney disease. Cisplatin primarily acts through 
damaging and inhibiting the synthesis of deoxyribonucleic acid via generation of 
highly reactive metabolites, leading to apoptosis. Organic ion transporters in the 
proximal tubule avidly take up cisplatin, resulting in tubular damage, proximal 
tubular dysfunction which may manifest as Fanconi syndrome, and subsequently 
development of TIN due to tubular cell apoptosis and necrosis. The risk of develop-
ment of cisplatin-induced CKD and AKI is primarily associated with patient’s age 
and cisplatin dose; hypertension and hypoalbuminemia are also associated with 
increased risk for cisplatin nephrotoxicity. While pre-existing CKD is surprisingly 
not strongly correlated with risk for cisplatin nephrotoxicity, use of platinum agents 
is often avoided in patients with baseline kidney dysfunction. Roughly one-third of 
patients treated with cisplatin develop AKI; however, the large majority of patients 
treated with cisplatin with a baseline GFR > 60 mL/min/1.73 m2 do not develop 
substantial long-term CKD.

Lithium Salts Chronic use of lithium salts is strongly associated with the 
development of TIN. Lithium, the smallest known therapeutic substance, is avidly 
reabsorbed by the kidney through a variety of sodium channels. Despite more than 
a century of use, the therapeutic and toxic mechanisms of lithium are not well 
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understood; however, mechanisms of nephrotoxicity are thought to include 
widespread changes in intracellular signaling pathways. Roughly 15–20% of 
patients chronically taking lithium may develop CKD over the duration of use. 
Lithium-induced TIN progresses slowly, with an average drop in GFR found to be 
2.3  mL/min per year in one study; development of ESKD from lithium use is 
generally seen after decades of use. In addition to TIN, microcyst development 
(potentially related to tubular damage) is seen histologically and on kidney imaging 
studies in many cases of lithium-induced nephropathy. Management of lithium-
induced TIN involves  cessation of lithium; due to its efficacy in controlling 
psychiatric disease; however, this is not always possible.

Analgesic Nephropathy Analgesic nephropathy refers to the development of TIN, 
often with evidence of renal papillary necrosis and kidney calcifications, linked to 
long-term use of high-dose non-opioid analgesic agents. Historically, analgesic 
nephropathy is largely linked to the use of combination analgesic agents containing 
phenacetin; after the withdrawal of phenacetin from markets in developed coun-
tries, the rates of analgesic nephropathy as a cause for ESKD fell from as high as 
10–20% in parts of the United States, Europe, and Australia to nearly insignificant 
numbers after the year 2000. Development of analgesic nephropathy is largely seen 
in adults in the fifth or greater decade of life and is classically associated with irreg-
ular kidney contours and calcifications of the renal papillae. The pathogenesis is 
thought to involve both reactive oxygen species generation by metabolites of phen-
acetin and possibly acetaminophen, coupled to reduced renal blood flow caused by 
non-steroidal anti-inflammatory drugs (NSAIDs) and aspirin. Cessation of analge-
sics usually leads to stabilization of kidney function, although less so for patients 
with other risk factors or advanced kidney disease. Notably, NSAIDs use is associ-
ated with TIN from immune-related acute interstitial nephritis described elsewhere 
in this textbook.

5  Radiation

Ionizing radiation induces acute and chronic kidney damage in patients receiving 
high degrees of acute radiation for treatment of cancer, in nuclear plant accidents, 
warfare, high background radiation, or occupational radiation exposure. Disease 
caused by radiation is determined by the type of ionizing radiation; gamma and 
X-ray radiation have greater tissue penetrance and are most likely to cause kidney 
disease. Radiation induces oxygen radicals which damage DNA, ultimately leading 
to cell death. Compared to other manifestations of acute radiation syndrome such as 
myelosuppression, hair loss, gastrointestinal disease, and neuritis, acute radiation 
nephritis is a comparably late phenomenon, largely manifesting with TIN and asso-
ciated symptoms 3–12 months after radiation exposure. Hypertension and anemia 
are often disproportionately present relative to other forms of kidney disease, and 
hypertensive encephalopathy may occur; notably, renin-mediated hypertension may 
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be a consequence of unilateral kidney radiation even in the absence of development 
of CKD. Chronic radiation nephropathy typically occurs more than 18 months after 
radiation exposure.

The threshold dose for radiation nephropathy is 18–23 gray (Gy), with a 5% risk 
of radiation injury to the kidneys at this dose; as the dose of radiation to the kidneys 
increases to 28  Gy, the rate of radiation-induced kidney disease rises to 50%. 
However, smaller doses of radiation may induce CKD decades later; some survivors 
of the atomic bombs in Nagasaki and Hiroshima developed CKD 60 years after 
exposure to an estimated dose of <0.2 Gy. While there is no specific treatment for 
radiation nephropathy, consideration of other late-presenting complications of ion-
izing radiation (e.g., cancer) may be warranted.

6  Chronic Kidney Disease of Unknown Etiology (CKDu)

The term CKD of uncertain etiology (CKDu) refers to a number of seemingly 
epidemic cases of CKD, which cannot be attributed to traditionally known risk 
factors for CKD such as diabetes mellitus or infectious agents. Most of these cases 
are clustered in countries in the global tropics in Central America (e.g., El Salvador, 
Nicaragua) and South Asia (e.g., India and Sri Lanka), and CKDu in Central 
America is largely interchangeable with the disease entity known as Mesoamerican 
nephropathy. Kidney biopsy findings generally reveal TIN with associated glomeru-
losclerosis. There is a much higher prevalence of CKDu in males working in agri-
culture, suggesting that CKDu is largely an occupational disease. Multiple 
toxicologic causes have been posited, such as chronic use of NSAIDs, high con-
sumption of fructose, agrochemicals including a variety of pesticides, and environ-
mental exposure heavy metals such as arsenic; while these have varying degrees of 
support from epidemiological data and are biologically plausible, no clear single 
toxin has been associated with the disorder. There is growing concern that environ-
mental heat exposure also plays a large part in development of CKDu, perhaps in 
combination with toxicologic and/or infectious causes.

7  Conclusion

Tubulointerstitial disease induced by toxic and radiation exposures is heterogeneous 
in nature, and often poorly responsive to treatment relative to immune-mediated 
TIN. As with all disease related to toxic exposures, avoidance (through occupa-
tional controls or other mitigating factors) and removal from the source of toxin 
forms the cornerstone of management of toxin and radiation-induced TIN.

C. Cobb et al.



195

Suggested Reading

Alarcon WA, State Adult Blood Lead Epidemiology and Surveillance (ABLES) Program 
Investigators. Elevated blood lead levels among employed adults - United States, 1994-2013. 
MMWR Morb Mortal Wkly Rep. 2016;63(55):59.

Amrit P, Singh R, Kumar G, Tajpreet K. Mechanisms pertaining to arsenic toxicity. Toxicol Int. 
2011;18(2):87–93.

Arzuaga X, Rieth SH, Bathija A, Cooper GS. Renal effects of exposure to natural and depleted 
uranium: a review of the epidemiologic and experimental data. J Toxicol Environ Health B Crit 
Rev. 2010;13(7–8):527–45.

Baloch S, Kazi TG, Baig JA, Afridi HI, Arain MB. Occupational exposure of lead and cadmium on 
adolescent and adult workers of battery recycling and welding workshops: adverse impact on 
health. Sci Total Environ. 2020;720:137549.

Bendz H, Aurell M, Balldin J, Mathé AA, Sjödin I. Kidney damage in long-term lithium patients: 
a cross-sectional study of patients with 15 years or more on lithium. Nephrol Dial Transplant. 
1994;9(9):1250.

Bernard A. Confusion about cadmium risks: the unrecognized limitations of an extrapolated para-
digm. Environ Health Perspect. 2016;124(1):1–5.

Bernhoft RA. Cadmium toxicity and treatment. Sci World J. 2013;2013:1–7.
Bocchetta A, Ardau R, Carta P, Ligas F, Sardu C, Pani A, Del Zompo M. Duration of lithium 

treatment is a risk factor for reduced glomerular function: a cross-sectional study. BMC Med. 
2013;11:33.

Boton R, Gaviria M, Batlle DC.  Prevalence, pathogenesis, and treatment of renal dysfunction 
associated with chronic lithium therapy. Am J Kidney Dis. 1987;10(5):329.

Boulikas T, Vougiouka M. Cisplatin and platinum drugs at the molecular level. (Review). Oncol 
Rep. 2003;10(6):1663.

But PP-H, Atherton David J, Rustin Malcolm H, Brostoff J. Need for correct identification of herbs 
in herbal poisoning. Lancet. 1993;341(8845):637–8.

Byber K, Lison D, Verougstraete V, Dressel H, Hotz P. Cadmium or cadmium compounds and 
chronic kidney disease in workers and the general population: a systematic review. Crit Rev 
Toxicol. 2015;46(3):191–240.

Centers for Disease Control. Fourth national report on human exposure to environmental chemi-
cals. https://www.cdc.gov/exposurereport. Accessed 18 May 2021.

Cohen EP, Lawton CA, Moulder JE, Becker CG, Ash RC. Clinical course of late onset bone mar-
row transplant nephropathy. Nephron. 1993;64:626–35.

Cohen EP, Robbins MEC. Radiation nephropathy. Semin Nephrol. 2003;23(5):486–99.
Cosyns J-P, Jadoul M, Squifflet J-P, Plaen J-F d, Ferluga D, de Strihou CVY d. Chinese herbs 

nephropathy: a clue to Balkan endemic nephropathy? Kidney Int. 1994;45(6):1680–8.
Cosyns JP, Jadoul M, Squifflet JP, Wese FX, van Ypersele de Strihou C.  Urothelial lesions in 

Chinese-herb nephropathy. Am J Kidney Dis. 1999;33(6):1011.
Crummy AB Jr, Hellman S, Stansel HC Jr, Hukill PB. Renal hypertension secondary to unilateral 

radiation damage relieved by nephrectomy. Radiology. 1965;84:108–11.
Dawson LA, Kavanagh BD, Paulino AC, Das SK, Miften M, Li XA, Pan C, Ten Haken 

RK, Schultheiss TE.  Radiation-associated kidney injury. Int J Radiat Oncol Biol Phys. 
2010;76:S108–15.

De Broe ME, Elseviers MM. Over-the-counter analgesic use. J Am Soc Nephrol. 2009;20(10):2098.
Dhaliwal RS, Adelman RD, Turner E, Russo JC, Ruebner B. Radiation nephritis with hypertension 

and hyperreninemia: cure by nephrectomy. J Pediatr. 1980;96:68–70.
Dharma-wardana MWC. Fertilizer usage and cadmium in soils, crops and food. Environ Geochem 

Health. 2018;40(6):2739–59.
Diamond GL, Zalups RK.  Understanding renal toxicity of heavy metals. Toxicol Pathol. 

1998;26(1):92–103.

Non-immunological Causes of Tubulointerstitial Disease

https://www.cdc.gov/exposurereport


196

Duggin GG.  Combination analgesic-induced kidney disease: the Australian experience. Am J 
Kidney Dis. 1996;28(1 Suppl 1):S39.

Evans M, Discacciati A, Quershi AR, et al. End-stage renal disease after occupational lead expo-
sure: 20 years of follow-up. Occup Environ Med. 2017;74:396.

Foulkes EC.  Renal tubular transport of cadmium-metallothionein. Toxicol Appl Pharmacol. 
1978;45(2):505–12.

Frumkin H, Letz R, Williams PL, Gerr F, Pierce M, Sanders A, Elon L, Manning CC, Woods JS, 
Hertzberg VS, Mueller P, Taylor BB. Health effects of long-term mercury exposure among 
chloralkali plant workers. Am J Ind Med. 2001;39(1):1.

Gault MH, Wilson DR. Analgesic nephropathy in Canada: clinical syndrome, management, and 
outcome. Kidney Int. 1978;13(1):58.

Gökmen MR, Cosyns J-P, Arlt VM, Stiborová M, Phillips DH, Schmeiser HH, et al. The epide-
miology, diagnosis, and management of aristolochic acid nephropathy: a narrative review. Ann 
Intern Med. 2013;158(6):469.

Goldfrank LR. Mushrooms. In: Hoffman RS, Howland MA, Lewin NA, Nelson LS, Goldfrank LR, 
editors. Goldfrank’s toxicologic emergencies. 10th ed. New York: McGrawHill; 2014.

Grollman AP, Shibutani S, Moriya M, Miller F, Wu L, Moll U, et al. Aristolochic acid and the 
etiology of endemic (Balkan) nephropathy. Proc Natl Acad Sci USA. 2007;104(29):12129–34.

Han J, Xian Z, Zhang Y, Liu J, Liang A. Systematic overview of aristolochic acids: nephrotoxicity, 
carcinogenicity, and underlying mechanisms. Front Pharmacol. 2019;10:648.

Harari F, Sallsten G, Christensson A, et al. Blood lead levels and decreased kidney function in a 
population-based cohort. Am J Kidney Dis. 2018;72:381.

Holditch SJ, Brown CN, Lombardi AM, Nguyen KN, Edelstein CL. Recent advances in models, 
mechanisms, biomarkers, and interventions in cisplatin-induced acute kidney injury. Int J Mol 
Sci. 2019;20(12):3011.

Inglis JA, Henderson DA, Emmerson BT.  The pathology and pathogenesis of chronic lead 
nephropathy occurring in Queensland. J Pathol. 1978a;124(2):65.

Inglis JA, Henderson DA, Emmerson BT.  The pathology and pathogenesis of chronic lead 
nephropathy occurring in Queensland. J Pathol. 1978b;124(2):65–76.

Ivić M. Etiology of endemic nephropathy. Lijec Vjesn. 1969;91(12):1273–81.
Jelaković B, Dika Ž, Arlt VM, Stiborova M, Pavlović NM, Nikolić J, et al. Balkan endemic 

nephropathy and the causative role of aristolochic acid. Semin Nephrol. 2019;39(3):284–96.
Jha V, Garcia-Garcia G, Iseki K, et al. Chronic kidney disease: global dimension and perspectives. 

Lancet. 2013;382(9888):260–72.
Johri N, Jacquillet G, Unwin R. Heavy metal poisoning: the effects of cadmium on the kidney. 

Biometals. 2010;23(5):783–92.
Karaosmanoglu AD, Butros SR, Arellano R.  Imaging findings of renal toxicity in patients on 

chronic lithium therapy. Diagn Interv Radiol. 2013;19(4):299.
Kim R, Rotnitsky A, Sparrow D, et al. A longitudinal study of low-level lead exposure and impair-

ment of renal function. The normative aging study. AMA. 1996;275:1177.
Klotz K, Weistenhöfer W, Drexler H. Cadmium: from toxicity to essentiality. Metal Ions Life Sci. 

2012;11:85–98.
Latcha S, Jaimes EA, Patil S, Glezerman IG, Mehta S, Flombaum CD. Long-term renal outcomes 

after cisplatin treatment. Clin J Am Soc Nephrol. 2016;11(7):1173. Epub 2016 Apr 12.
Launay-Vacher V, Oudard S, Janus N, Gligorov J, Pourrat X, Rixe O, Morere JF, Beuzeboc P, 

Deray G, Renal Insufficiency and Cancer Medications (IRMA) Study Group. Prevalence of 
renal insufficiency in cancer patients and implications for anticancer drug management: the 
renal insufficiency and anticancer medications (IRMA) study. Cancer. 2007;110(6):1376.

Lebeau C, Arlt VM, Schmeiser HH, Boom A, Verroust PJ, Devuyst O, et al. Aristolochic acid 
impedes endocytosis and induces DNA adducts in proximal tubule cells. Kidney Int. 
2001;60(4):1332–42.

Li SJ, Zhang SH, Chen HP, Zeng CH, Zheng CX, Li LS, Liu ZH. Mercury-induced membranous 
nephropathy: clinical and pathological features. CJASN. 2010;5(3):439–44.

C. Cobb et al.



197

Loghman-Adham M. Aminoaciduria and glycosuria following severe childhood lead poisoning. 
Pediatr Nephrol. 1998;12(3):218.

Lunyera J, Mohottige D, Von Isenburg M, Jeuland M, Patel UD, Stanifer JW. CKD of uncertain 
etiology: a systematic review. Clin J Am Soc Nephrol. 2016;11(3):379–85.

Luxton RW. Radiation nephritis: a long term study of 54 patients. Lancet. 1961;2:1221–4.
MacFarland HN. The use of dimercaprol (BAL) in the treatment of cadmium oxide fume poison-

ing. Arch Environ Health. 1960;1(6):487–96.
Markowitz GS, Radhakrishnan J, Kambham N, Valeri AM, Hines WH, D’Agati VD.  Lithium 

nephrotoxicity: a progressive combined glomerular and tubulointerstitial nephropathy. J Am 
Soc Nephrol. 2000;11(8):1439.

Motwani SS, McMahon GM, Humphreys BD, Partridge AH, Waikar SS, Curhan GC. Development 
and validation of a risk prediction model for acute kidney injury after the first course of cispla-
tin. J Clin Oncol. 2018;36(7):682. Epub 2018 Jan 10

Nordberg GF.  Historical perspectives on cadmium toxicology. Toxicol Appl Pharm. 
2009;238(3):192–200.

Nordberg M, Nordberg GF. Distribution of metallothionein-bound cadmium and cadmium chlo-
ride in mice: preliminary studies. Environ Health Perspect. 1975;12:103–8.

Occupational Safety and Health Administration Standards 1910. 1025 - Lead. https://www.osha.
gov/laws-regs/regulations/standardnumber/1910/1910.1025. Accessed 18 May 2021.

Pappas RS, Fresquez MR, Martone N, Watson CH.  Toxic metal concentrations in mainstream 
smoke from cigarettes available in the USA. J Anal Toxicol. 2014;38(4):204–11.

Prasad GVR, Rossi NF.  Arsenic intoxication associated with tubulointerstitial nephritis. Am J 
Kidney Dis. 1995;26(2):373–6.

Presne C, Fakhouri F, Noël LH, Stengel B, Even C, Kreis H, Mignon F, Grünfeld JP. Lithium-
induced nephropathy: rate of progression and prognostic factors. Kidney Int. 2003;64(2):585.

Richter P, Faroon O, Pappas RS. Cadmium and cadmium/zinc ratios and tobacco-related morbidi-
ties. Int J Environ Res Public Health. 2017;14(10):1154.

Satarug S, Garrett SH, Sens MA, Sens DA. Cadmium, environmental exposure, and health out-
comes. Environ Health Perspect. 2010;118(2):182–90.

Sera N, Hida A, Imaizumi M, Nakashima E, Akahoshi M. The association between chronic kidney 
disease and cardiovascular risk factors in atomic bomb survivors. Radiat Res. 2013;179:46–52.

Soderland P, Lovekar S, Weiner DE, Brooks DR, Kaufman JS. Chronic kidney disease associated 
with environmental toxins and exposures. Adv Chronic Kidney Dis. 2010;17(3):254–64.

Sommar JN, Svensson MK, Björ BM, et al. End-stage renal disease and low level exposure to lead, 
cadmium and mercury; a population-based, prospective nested case-referent study in Sweden. 
Environ Health. 2013;12:9.

Tankeu S, Vermaak I, Chen W, Sandasi M, Viljoen A. Differentiation between two “fang ji” herbal 
medicines, Stephania tetrandra and the nephrotoxic Aristolochia fangchi, using hyperspectral 
imaging. Phytochemistry. 2016;122:213–22.

Timmer RT, Sands JM. Lithium intoxication. JASN. 1999;10(3):666–74.
Tsai TL, Kuo CC, Pan WH, Chung YT, Chen CY, Wu TN, Wang SL. The decline in kidney func-

tion with chromium exposure is exacerbated with co-exposure to lead and cadmium. Kidney 
Int. 2017;92(3):710–20.

Tsaih SW, Korrick S, Schwartz J, et al. Lead, diabetes, hypertension, and renal function: the nor-
mative aging study. Environ Health Perspect. 2004;112:1178.

Tsuchiya K. Causation of ouch-ouch disease (itai-itai byo) - an introductory review. Keio J Med. 
1969;18(4):181–94.

Vadivel N, Trikudanathan S, Singh AK. Analgesic nephropathy. Kidney Int. 2007;72(4):517–20.
Vanherweghem J-L, Tielemans C, Abramowicz D, Depierreux M, Vanhaelen-Fastre R, Vanhaelen 

M, et al. Rapidly progressive interstitial renal fibrosis in young women: association with slim-
ming regimen including Chinese herbs. Lancet. 1993;341(8842):387–91.

Waalkes MP, Goering PL. Metallothionein and other cadmium-binding proteins: recent develop-
ments. Chem Res Toxicol. 1990;3(4):281–8.

Yang CW.  Leptospirosis renal disease: emerging culprit of chronic kidney disease unknown 
Etiology. Nephron. 2018;138(2):129–36.

Non-immunological Causes of Tubulointerstitial Disease

https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.1025
https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.1025


199© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
M. G. Atta, M. A. Perazella (eds.), Tubulointerstitial Nephritis, 
https://doi.org/10.1007/978-3-030-93438-5_15

Reflux and Obstructive Nephropathy

J. Nelson Reed, Oana Nicoara, and Blaithin A. McMahon

1  Introduction

Reflux nephropathy (RN), a distinct pathological and radiological entity, previously 
known as chronic atrophic non-obstructive pyelonephritis in childhood, and 
accounts for end stage kidney disease (ESKD) in approximately 7–17% of the pedi-
atric population worldwide and 10% of the adult population. In North America, RN 
accounts for approximately 5% of the pediatric ESKD population and is the fourth 
leading cause for dialysis and transplantation with 5.3% of transplant patients and 
3.5% of dialysis patients having a diagnosis of RN, respectively. It is important to 
mention that the second and third leading causes for dialysis and transplantation in 
children are obstructive uropathy and aplasia/hypoplasia/dysplasia, respectively, 
both of which can be linked with RN. Reflux nephropathy is the second most com-
mon cause of chronic tubulointerstitial disease.
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2  Etiology

Vesico-ureteric reflux (VUR) of infected urine from the bladder into the kidney 
parenchyma is the most important factor in the development of pyelonephritis. VUR 
is a urinary tract defect in ureterovesical valves or mechanical obstruction in the 
lower urinary tract creating an abnormal uretero-vesical junction (UVJ) allowing 
the retrograde flow of urine from the bladder to the kidneys. An estimated 9–20% of 
patients with antenatal hydronephrosis have VUR when tested postnatally and while 
VUR is an important risk factor for pyelonephritis it is clear that the vast majority 
of patients with VUR do not develop ESKD.

Familial aggregation and twin studies support a hereditary basis. About 20% of 
infants with VUR have a parent with a family history of VUR, compared with a 
1–2% frequency of VUR in the general population. The largest VUR pathogenic 
copy number variant analysis and genome-wide association study to date has identi-
fied five suggestive loci including WDPCP, OTX1, BMP5, WDPCP and WNT5 
with large effects, the latter is implicated in urogenital development. In one study of 
1395 VUR patients, 6% carried high-risk genotypes and have implications for VUR 
screening.

VUR is suspected in children with recurrent urinary tract infections. Though 
VUR is an important risk factor for pyelonephritis, up to 60% of young children 
with acute pyelonephritis do not have a history of VUR and factors unrelated to 
reflux, such as congenital factors can also contribute. Reflux nephropathy can lead 
to a chronic tubulointerstitial nephritis resulting in interstitial fibrosis, tubular atro-
phy, focal segmental glomerulosclerosis, kidney scarring, and chronic kidney dis-
ease (CKD) eventually culminating in end stage kidney disease (ESKD).

3  Clinical Presentation

Reflux nephropathy is often asymptomatic, and the diagnosis may not be suspected 
until late adolescent or early adulthood when an incidental rise in serum creatinine 
is noted on routine clinical assessment. A history of recurrent childhood UTIs may 
exist. Other signs and symptoms include hypertension, polyuria, nocturia, and mild- 
moderate proteinuria.

4  Diagnosis

Reflux nephropathy may be suspected antenatally or postnatally. Initial screening is 
done with ultrasonography, which is highly sensitive for the detection of hydrone-
phrosis or urinary tract dilation (UTD). The careful clinical assessment of patients 
with suspected reflux nephropathy is outlined in Fig. 1. A detailed medical history 
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of prior UTIs, current voiding patterns, and a history of hypertension are important 
details to determine. Urinalysis and urine culture are performed as part of the initial 
assessment to detect infection. Many imaging modalities exist in the assessment of 
reflux nephropathy and the benefits and limitations of each are summarized in 
Table 1.

Kidney ultrasonography is used to evaluate kidney size and shape, hydronephro-
sis, and scarring. Ultrasonography can also identify the presence of congenital kid-
ney malformations, which can contribute to VUR.  The gold standard test for the 
diagnosis of VUR is a voiding cystourethrogram (VCUG), but it can be a challenging 
test for many young children as it requires catheterization of the urethra, followed by 
injection into the bladder with radio-opaque dye, and fluoroscopy imaging to view 
the urinary tract while the patient voids. The degree of VUR is graded on a scale 
(I-V) based on the extent of retrograde filling and ureteral dilatation observed from 
the VCUG (see below, Figs. 2 and 3). In the event the VCUG is not tolerated or there 
is a desire to avoid radiation exposure, a radionuclide cystogram may be performed; 
however, this study provides less anatomic detail and should not be performed for the 
initial evaluation of VUR but may be helpful in monitoring follow up assessments.

Tc-99m DMSA kidney scintigraphy is ideal for showing an active pyelonephritic 
lesion in the kidney as demonstrated by cortical defects of the involved kidneys. 
Tc-99m DMSA scan also estimate functional kidney mass and relative kidney func-
tion. Magnetic Resonance urography (MRU) has an emerging role in the evaluation 
of reflux nephropathy and can provide much higher contrast resolution than DMSA 
scan. MR urography is able to identify the acquired segmental scars associated with 
VUR and even in those children who have developed pyelonephritis in the absence 
of VUR. It can differentiate between pyelonephritis, scar, and dysplasia. MRU can 
provide information about the perfusion, concentration, and excretion of contrast 
media and can be used as a surrogate for the single nephron GFR (SNGFR) similar 
to DMSA scan.

Clinical investigation of a patient with suspected RN.

Clinical History

History of congenital hydronephrosis
Recurrent childhood/adulthood UTI
Detailed history of Bladder-bowel habits (voiding history)
History of pyelonephritis
Prior genitourinary surgery
Age of onset of HTN
History of declining GFR
Episodes of fluctuating renal function
History of mild-moderate proteinuria or nephrotic 
syndrome
Asymptomatic bacteriuria in pregnancy

Physical Examination
Weight, height, 
Blood pressure, 
Palpation of the abdomen looking for masses
Suprapubic tenderness
Microscopic urinalysis. 

Laboratory Tests

Basic metabolic panel (BMP) 
Urinalysis
Complete blood count
Urine protein to creatinine ratio 
Urine culture

Imaging Studies

Renal ultrasonography
Voiding  cystourethrogram 
Direct Isotope Radionuclide Cystography
DMSArenal scintigraphy  
Magnetic resonance urography

1.

2.

3.

4.

Fig. 1 Clinical evaluation of a patient with suspected reflux nephropathy
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Table 1 Imaging modalities used in the assessment of reflux nephropathy

Imaging modality Study details Benefit/Limitation of study

Renal 
ultrasonography

Provides information about 
structural kidney disease (presence 
of hydronephrosis (prenatally, 
postnatally) and kidney size. Can 
assess cortex thickness and post 
void residual volume. May detect 
cortical scarring

Non-invasive. Quick. Highly 
sensitive for detection of 
hydronephrosis
Does not provide information on 
active reflux
Insensitive for the detection of acute 
pyelonephritis or VUR

Voiding 
cystourethrogram 
(VCUG)

Uses iodine contrast medium. 
Requires catheterization of the 
urethra
Primary diagnostic modality of 
choice for VUR

Provides anatomical detail (bladder, 
ureteral, kidneys)
Provides a grading system for 
severity of VUR
Radiation exposure with 
fluoroscopy

Direct Isotope 
Radionuclide 
Cystography (DIRC)

Radio-isotopic tracer (DTPA) is 
infused in the bladder after urethral 
catheterization and images are 
obtained during bladder filling and 
emptying

Prevents radiation exposure. Ideal 
for follow up assessment of 
VUR. Does not aid in the specific 
grading of VUR. Low definition of 
image. Does not allow the detection 
of other anatomic defects of the 
bladder or urethra

DMSA renal 
scintigraphy

Highly sensitive for the diagnosis 
of acute pyelonephritis and renal 
scarring
Can estimate functional renal mass 
and relative renal function

Can take up to 3 h to complete

Magnetic resonance 
urography (MRU)

Provide information about the 
perfusion, concentration and 
excretion of contrast media and can 
be used as a surrogate for the single 
nephron GFR (SNGFR)

Does not employ ionizing radiation
Less readily available
Not practical for use in infants and 
children as may require sedation/
mechanical intubation
More expensive

Abbreviations: VUR vesicoureteral reflux

Prenatal Presentation UTD A2-3(any of the following on prenatal US):
• APRPD ≥7mm (at 16-27 wks) or ≥10mm (at ≥28wks)
• Peripheral calyceal dilation
• Abnormal parenchymal thickness
• Abnormal ureters
• Abnormal bladder
• Unexplained oligohydramnios

UTD A1(any of the following on 
prenatal US):
• APRPD 4-7mm (at 16-27 

wks) or 7-10mm (at 
≥28wks)

• Central or no calyceal 
dilation

* Timing of postnatal ultrasound (US):

• If unilateral prenatal findings: US >1 week post-delivery
• If bilateral prenatal findings: US 1-3 days post-delivery

Postnatal ultrasound*

Stop antibiotics 
(if not already);

No further follow-up 

Repeat 
US in 1 
year 

VCUG

VUR I-II VUR III-V

Repeat US at 
4-6 months

APRPD ≤10mm APRPD 10-15mm APRPD ≥15mm

No further follow-up

No obstructionObstruction

Consider surgery Continue routine monitoring

Tc99mMAG3 diuretic renography

No VUR

• Start antibiotic prophylaxis (if not already begun).
• Attempt to treat BBD with behavioral and biofeedback 

therapy, pharmacotherapy, urotherapy, and constipation 
treatment.

• Consider surgical correction for persistent grade IV-V VUR 
in children >2-3 years of age.

• Consider antibiotic prophylaxis (if not 
already begun) in non-toilet-trained 
children who cannot communicate 
infectious symptoms.

• Otherwise, continue watchful waiting only, 
as VUR is likely to spontaneously resolve.

Resolved (SFU 0) UTD P1/
SFU I-II

Fetal hydronephrosis

Start antibiotic prophylaxis:
Oral amoxicillin 25mg/kg/day

UTD A2-3/
SFU III-IV

No 
prophylaxis

UTD A1/
SFU I-II

UTD P2-3/
SFU III-IV

UTD P-3/1
SFU I-IV

UTD P1(on postnatal US):
• APRPD 10-15mm
• +/- central calyceal dilation

UTD P2(on postnatal US):
• APRPD ≥15mm
• +/- peripheral calyceal dilation
• +/- abnormal ureters

UTD P3(on postnatal US):
• APRPD ≥15mm AND 
• Abnormal parenchymal thickness/appearance OR 
• Abnormal bladder
• +/- peripheral calyceal dilation
• +/- abnormal ureters

SFU Grading of Hydronephrosis:
SFU 0 No renal sinus splitting
SFU I Renal pelvis open; urine in pelvis barely splits sinus
SFU IIa Intrarenal pelvis dilated
SFU IIb Extrarenal pelvis dilated; major calyces dilated
SFU III SFU II AND minor calyces uniformly dilated 
SFU IV SFU III AND parenchyma thin 

• UTD = urinary tract dilation
• SFU = Society for Fetal Urology
• VCUG = voiding cystourethrography
• VUR = vesicoureteral reflux
• BBD = bladder and bowel dysfunction
• APRPD = anterior posterior renal pelvic diameter  

Prenatal UTD Risk Stratification

Postnatal UTD Risk Stratification

Fig. 2 Antenatal presentation, workup, and management of vesicoureteral reflux
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In the right clinical setting when the diagnosis is not clear, kidney biopsy may be 
indicated and is most likely to show global glomerular hypertrophy and periglo-
merular fibrosis, patchy interstitial scarring, chronic interstitial nephritis, extensive 
tubular atrophy and secondary FSGS.

Figure 2 summarizes the approach to prenatal work up of fetal hydronephrosis 
and its management. Figure 3 describes the approach to work up of (postnatal) uri-
nary tract infection, importance of the VCUG and its grading system and the 
approach to management of VUR.

5  Management

Spontaneous resolution of primary reflux is common, especially for low-grade 
VUR. 80% of cases typically resolves spontaneously over 5 years and many do not 
require any medical treatment except ongoing surveillance. Resolution of VUR 
depends on both initial grade of reflux, gender, age at initial diagnosis, voiding dys-
function, presence of kidney scarring, and occurrence of reflux during bladder fill-
ing or emptying. In general, VUR is less likely to resolve in younger children with 
a history of high-grade reflux with evidence of kidney scarring on ultrasound. In this 
setting surgery should be considered in the management of VUR.

Children with moderate symptomatic reflux are given medical management with 
long-term antimicrobial prophylaxis with a choice of agents (trimethoprim- 
sulfamethoxazole, trimethoprim alone, nitrofurantoin, and cephalexin that may 
need to be renally adjusted for patients GFR). Management of bladder and bowel 
dysfunction is crucial (stool softeners, timed voiding [2–3 h], pelvic floor exercises, 
and anticholinergic medications as needed). Figures 2 and 3 outline management of 
VUR antenatally and postnatally, respectively. Failed antimicrobial prophylaxis 

Postnatal Presentation

VUR I-II

Attempt to treat BBD 
with behavioral and 

biofeedback therapy, 
pharmacotherapy, 
urotherapy, and 

constipation 
treatment.

UTI

• Child of any age with:
• ≥2 fUTIs
• First fUTI  AND:

• Renal US anomaliesOR 
• Temp ≥39°C and pathogen 

other than E. coliOR
• Poor growth or hypertension 

• UTD = urinary tract dilation

• SFU = Society for Fetal Urology

• VCUG = voiding cystourethrography

• VUR = vesicoureteral reflux

• BBD = bladder and bowel dysfunction

• UTI = urinary tract infection

• fUTI = febrile urinary tract infection

• FamHx = family history 

• 2-24 month-old with first fUTI OR
• Child of any age with:

• Any recurrent fUTI OR
• Any UTI in child with FamHx 

of urologic disease, poor 
growth, or hypertension OR

• Any UTI resistant to 
antibiotic treatment 

VCUGRenal/bladder ultrasound

noyes

Start antibiotic prophylaxis (if not 
begun already)

yesno

BBD present?

Surveillance management only

Attempt to treat BBD with 
behavioral and biofeedback 
therapy, pharmacotherapy, 

urotherapy, and 
constipation treatment.

BBD present?

Consider surgical management

Child toilet-trained and able to 
communicate symptoms of UTI?

noyes

VUR III-V

Concern for nonadherence? OR
Treatment-resistant UTI? OR
Patient unable to continue prophylaxis? OR
New or ongoing renal scarring on imaging? 
OR recurrent pyelonephritis OR
Breakthrough febrile UTI while on 
continuous antibiotic prophylaxis OR
Persistent grade IV-V VUR?

VUR Grading:
VUR I Reflux only fills the ureter without dilation
VUR II Reflux fills the ureter and the collecting system 

without dilation
VUR III Reflux fills and mildly dilates the ureter and the 

collecting system with mild blunting of the 
calices.

VUR IV Reflux fills and grossly dilates the ureter and the 
collecting system with blunting of the calices. 
Some tortuosity of the ureter also present.

VUR V Massive reflux grossly dilates the collecting 
system. All the calices are blunted with a loss 
of papillary impression, and intrarenal reflux 
may be present. There is significant ureteral 
dilation and tortuosity.

abnormal

Fig. 3 Postnatal presentation, workup, and management of vesicoureteral reflux
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requires surgical correction and includes open, laparoscopic, and endoscopic tech-
niques such as ureteral reimplantation or endoscopic injection of materials behind 
the ureter to prevent reflux (bladder contraction during voiding compresses the 
ureter).

Recommendations for surgical treatment of severe VUR were published by the 
International Reflux Study in Children in 2006. Relative indications for surgical 
correction are highlighted in Fig. 3. Surgery has no role in adolescents and adults 
with established kidney scarring and advanced chronic kidney disease. In patients 
with established RN and chronic kidney disease, it is very important to aggressively 
manage hypertension and proteinuria to delay progression to ESKD.  Renin- 
angiotensin aldosterone system (RAAS) blockade remains the cornerstone of medi-
cal treatment in patients with glomerular hyperfiltration and patients with established 
proteinuria. RN patients should be evaluated for kidney transplantation once GFR 
drops below 20 ml/min/1.73 m2 to improve overall life expectancy and quality of 
life. In the meantime, we must provide the best supportive care to patients to pre-
serve kidney function and prevent ESKD in patients with vesicoureteral reflux and 
reflux nephropathy.
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Nephropathy

Joëlle L. Nortier, Jean-Louis Vanherweghem, and Bojan Jelakovic

1  Introduction

The term “aristolochic acid nephropathy” (AAN) is used to include any form of 
toxic interstitial nephropathy that is caused either by the ingestion of plants contain-
ing AA as part of traditional phytotherapies (formerly known as “Chinese herb 
nephropathy”), or by the environmental contaminants in food (BN).

It was initially reported in Belgium in 1993 as a rapidly progressive form of renal 
interstitial fibrosis in women after the intake of a weight loss diet including 
Aristolochia fanchi, a herb used in traditional Chinese medicine (Fig. 1a–d). Since 
then, AAN new cases are identified every year worldwide, particularly in Asian 
countries where Aristolochia species are still widely used in traditional medicine. 
Moreover, AA have been found to be the causative agent of the so-called Balkan 
Nephropathy (BN), a tubulointerstitial nephropathy described for more than 
50 years in certain villages throughout the Danube Valley. It has been confirmed by 
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the discovery of specific DNA adducts formed by the metabolites of AA in the kid-
ney tissue and the urothelial tumors of BN patients (Fig. 2). In endemic regions, AA 
from Aristolochia clematis proliferating in the wheat fields contaminate cereals 
either by a direct mixing of the plant’s seeds or by diffusion in the soil either 
(Fig. 1e–g). Characteristics of BN and iatrogenic AAN are shown in Table 1.

In addition to its nephrotoxic effects, AA exposure has also been frequently asso-
ciated with the development of urothelial malignancies and AA were classified has 
a human carcinogen class I by the World Health Organization (WHO) International 
Agency for Research of Cancer (IARC) in 2002. Despite warnings from the Food 
and Drug Administration (FDA), the European Medicines Agency (EMA) and 
IARC regarding the safety of products containing AA, AAN cases remain frequently 
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Fig. 1 (a) Transverse sections of the roots of Aristolochia fangchi (known as Guang Fang Ji in 
traditional Chinese medicine) and weight-loss capsules containing the powdered root, ingested by 
a Belgian patient who developed end-stage kidney disease. (b) Chemical structure of aristolochic 
acid I (AAI) and aristolochic acid II (AAII), nitrophenantrene derivatives present in all parts of 
Aristolochia plant (root, stem and leaves) and differing only by their radical R (OCH3 for AAI and 
H for AAII, respectively). (c) Microphotography of a renal biopsy performed in a Belgian AAN 
patient presenting with CKD stage 3b, showing extensive interstitial fibrosis, tubular atrophy, 
interstitial inflammatory infiltrate and glomeruli generally preserved. Goldner trichrome staining, 
magnification 200×. (Courtesy of Depierreux, MD, pathologist at Erasme Hospital, Brussels). (d) 
Same specimen as in C at higher magnification (400×), showing complete disappearance of the 
tubules and almost intact glomeruli. (e) Aristolochia clematitis growing in the wheat fields and 
having fruits in harvesting time. (Croatian endemic area near the endemic village of Kaniža, 
August 2013- photo by B. Jelaković). (f) Fruits and seeds of Aristolochia clematitis collected dur-
ing the harvest of the wheat crop from fields in BN endemic areas. (Serbian endemic village of 
Vreoci, August 2015- photo by N. Pavlović). (g) Typical histopathological pattern observed in a 
renal tissue sample from a Croatian BN patient, showing severe interstitial fibrosis, tubular atrophy 
and spared glomeruli. Haematoxylin and eosin staining; magnification 100×; Nephrology dept., 
Zagreb University Hospital)
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described worldwide. The history of this nephropathy demonstrates that it is manda-
tory to submit all « natural medicinal products » to the same controls of efficacy, 
toxicity, and conformity applied to the classical drugs derived from the pharmaceu-
tical producers. Given the fact that the nephrotoxic effect of AA is irreversible and 
that their carcinogenic effects may be very slow in manifesting themselves after the 
patient’s initial exposure, AAN and associated cancers should be considered as a 
major public health issue.
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Fig. 2 (a) Macroscopic finding of a Croatian patient with pyelo cancer from endemic village of 
Slavonski Kobaš (data on positive aristolactam-DNA adducts and p53 signature mutation; courtesy 
by Karla Tomić, MD, PhD pathologist in General Hospital Slavonski Brod, Croatia. (b) Typical 
macroscopic aspect of a kidney removed from a Belgian ESRD patient who ingested pills contain-
ing A. fangchi; compared to a control, this kidney is characterized by a severe atrophy, a slightly 
wavy shape and a very thin cortex. (courtesy of M.  Depierreux, MD, pathologist at Erasme 
Hospital, Brussels). (c) Right native kidney and ureter removed from a kidney recipient for end- 
stage AAN patient, showing a tumoral mass of the lower third of the ureter. (courtesy of 
M. Depierreux, MD, pathologist at Erasme Hospital, Brussels). (d) Upper panel: in situ urothelial 
carcinoma detected in the upper third of the right ureter and pelvic cavity from the surgical mate-
rial displayed in B. (courtesy of M. Depierreux, MD, pathologist at Erasme Hospital, Brussels). 
Lower panel: invasive urothelial carcinoma (pT2) of the lower third of the right ureter shown in B 
(courtesy of M. Depierreux, MD, pathologist at Erasme Hospital, Brussels). (e) Histological aspect 
of a nested variant of bladder carcinoma infiltrating the muscle wall in a Belgian kidney transplant 
recipient for end-stage AAN.  Haematoxylin and eosin staining; magnification 400×. 
Photomicrograph kindly provided by S.  Rorive, MD, PhD, pathologist at Erasme University 
Hospital, Brussels, Belgium. (f) Schematic representation of metabolic activation and DNA adduct 
formation by AA kindly provided by Volker M.  Arlt and reproduced with his permission. 
R = OCH3 in AAI, and R = H in AAII. COX, cyclooxygenase; CYP, cytochrome P450; dA-AAI, 
7-(deoxyadenosin-N6-yl)aristolactam I; dA-AAII, 7-(deoxyadenosin-N6-yl)aristolactam II; dG- 
AAI, 7-(deoxyguanosin-N2-yl)aristolactam I; dG-AAII, 7-(deoxyguanosin-N2-yl)aristolactam II; 
NQO1, NAD(P) H:quinone oxidoreductase; POR, NADPH: cytochrome P450 oxidoreductase
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1.1  Aristolochia Species

The Aristolochia species is a genus of herbaceous, perennial plants that include 
more than 500 species. They are widespread in the warm regions of the Mediterranean, 
Africa, and Asia. They grow mainly in limestone soil and can be found on road-
sides, in coppices, vineyards, and other agricultural areas. Furthermore, Aristolochia 
clematitis is a parasitic plant that grows alongside wheat in the local wheat fields in 
the warm and humid regions of the Danube Valley.

In the past, Aristolochia were widely used in Western medicine. In fact, their first 
use, namely to stimulate the expulsion of the placenta during childbirth, was respon-
sible for coining the name “Aristos lokos” or “excellent delivery”.

Regarding global public health issues, Aristolochia are considered an integral part 
of the herbology used in traditional Chinese medicine, Japanese Kampo, and Ayurvedic 
medicine. They are found within the same therapeutic family as the Akebia, Asarum, 
Cocculus, and Stephania plants. Referred to by common names such as Mu Tong, 
Mokutsu, and Fang ji, they are used in a multitude of herbal mixtures for therapeutic 
use. Due to the ambiguity surrounding the nomenclature of medicinal plants used in 
traditional medicine, the detection of AA by means of the phytochemical analysis of 
plant extracts is the only way to certify their potential toxicity.

2  The Toxicity of Aristolochic Acids

Under normal physiological conditions, AA are metabolised, by the reduction of 
nitro compounds, into active metabolites called “aristolactams”. These aristolac-
tams are capable of forming covalent bonds with purine bases of DNA. However, 

Table 1 Characteristics of BN and iatrogenic AAN

BN Iatrogenic AAN

Prevalence of affected subjects in 
exposed population

2–5% 3–5%

Gendera No difference More women
Familial/household aggregation Yes No
Awareness of plant toxicity Unaware Inadvertent
Route of ingestion Home-baked bread Herbal remedies
Pathology Identical Identical
Incidence of urothelial carcinoma of 
the upper urinary tract

30–50% 44%

Clinical courseb Insidious onset, slow 
progression

Rapidly progressive to ESKD, 
Fanconi syndrome

aMore women than men in AAN due to high number of Belgium women who underwent slim-
ming regime
bClinical course is dose-dependent i.e. in Belgium and most of other AAN cases worldwide high 
dose of aristolochic acid was ingested in shorter period. BN Balkan nephropathy, AAN aristolochic 
acid nephropathy, ESKD end-stage kidney disease
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the DNA adducts specific to aristolactams remain part of the body’s cell structure 
for several years after the patients’ initial exposure to AA. Consequently, their dis-
covery in the kidney or cancerous tissues constitute a biomarker, which may be 
related to a previous exposure to AA, which possibly occurred much earlier (Fig. 2f).

AAN has been successfully reproduced in animals (rabbits, rats, mice) in various 
experimental models. Both experimental and clinical studies indicate that AA use 
the basolateral organic anion transporter as the main entrance into the epithelial 
cells of the proximal tubule, particularly in segment S3. After acute, non- regenerative 
tubular necrosis, the interstitium is infiltrated by activated macrophages, as well as 
B and T lymphocytes, resulting in tubular atrophy and interstitial fibrosis involving 
CD 8+ lymphocytes and TGF-β.

The carcinogenicity of AA can be explained by the fact that the DNA adducts 
formed in combination with aristolactams lead to a mutation of A:T to T:A in the 
tumor suppressor gene TP 53. This mutation has frequently been demonstrated in 
the urothelial tumors of cases described in Taiwan and in the Balkans, whereas  
this mutation rarely occurs in tumors that are not related to the exposure to AA 
(Fig. 2a–e). This mutation is very specific and considered as a marker of a previous 
exposure to AA.

Even though the severity of kidney failure as well as the frequency of cancers can 
each be correlated with an increased dose of plant extracts containing AA, there is 
no clear correlation between severe kidney failure and the development of urothelial 
cancers.

3  Natural History of the Disease

In the initial cohorts concerning iatrogenic nephropathy due to AA, the majority of 
patients were described as exhibiting a rapid and progressive evolution towards end- 
stage kidney disease (ESKD). A large series of patients described in China revealed 
a median GFR decline at –3.5 ml/min/year. The progression rate in environmental 
nephropathy due to AA is much slower, with ESKD occurring only after an evolu-
tion of 15–20 years.

Urine sediment is generally normal, while mild to moderate tubular proteinuria 
may be detected. Blood pressure is elevated in 50% of cases. Anemia is often more 
severe than what one would expect from the level of kidney failure, probably 
because of the premature destruction of peritubular cells that secrete erythropoietin. 
Kidney size is often reduced asymmetrically. A few cases of iatrogenic nephropathy 
due to AA took the form of Fanconi syndrome or acute kidney injury (AKI).

Whether iatrogenic or environmental, AAN is more frequently associated with 
urinary tract cancers. In cases where bilateral uretero-nephrectomies were per-
formed on female patients from the initial cohorts treated by dialysis or transplanta-
tion, 40% of these women suffered from urothelial cancers, which were often 
diagnosed as multifocal (Fig.  2b–d). Cancers of the bladder appeared in female 
patients who had undergone transplants more than 15 years after the toxin had been 
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stopped (Fig. 2e). Frequent iatrogenic exposure to AA in Taiwan explains why this 
region has the world’s highest level of urothelial cancers.

4  Kidney Pathology

Examination of kidney biopsy is a key element in the diagnosis of AAN. From a 
macroscopic point of view, in advanced cases of nephropathy, the kidneys are small 
and the renal cortex is considerably thinned. Microscopically, the most characteris-
tic type of lesion consists of pauci-cellular interstitial fibrosis associated with tubu-
lar atrophy. The severity of these lesions decreases when moving from the external 
to the internal cortex (Fig. 1c–d).

In the early stages of the disease, the glomeruli are spared. Due to the interstitial 
fibrosis, however, this is then followed by the fibrous thickening of the Bowman 
capsule and glomerular obsolescence (Fig. 1g). Finally, the dominant cortical fibro-
sis causes the medullary striae to collapse, resulting in tortuous and spiral-shaped 
interlobar arteries.

5  Diagnosis

The combination of interstitial nephropathy with cancer of the urinary tract should 
suggest the diagnostic of AAN. A consensus exists regarding the definition of diag-
nostic criteria. The diagnosis of AAN can be considered as certain in any person who 
suffers from kidney failure, in combination with any two of the following three cri-
teria: kidney histology displaying interstitial fibrosis with a cortico-medullary gradi-
ent, a history of ingesting vegetal or herbal products whose phytochemical analysis 
has demonstrated the presence of AA, the demonstrated presence of DNA adducts 
formed with aristolactams (or the specific mutation A:T to T:A of the TP53 tumor 
suppressor gene) in a kidney tissue biopsy sample or a urothelial tumor. Nevertheless, 
if only one of these three criteria can be demonstrated, the diagnosis of AAN remains 
highly probable and examinations should be continued in this direction.

Whatever the case, the presence of either AA in plant extracts ingested by 
patients, or of DNA adducts formed with aristolactams in patients’ kidney tissue, 
are central to a diagnosis and provides absolute certainty.

6  Prevention

In terms of health policy, the main goal is to prevent the exposure to AA. Legal 
provisions have already been taken in Europe, the USA, Taiwan, and mainland 
China. However, the use of herbs containing AA is still allowed in China under 
certain conditions. In addition, it is still possible, anywhere in the world, to obtain 
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plant extracts that may contain AA, particularly via parallel markets such as the 
Internet.

7  Treatment

The treatment of AAN is similar to the treatment of any chronic kidney disease and 
includes controlling the patient’s blood pressure, symptomatic treatment of meta-
bolic complications, and preparing for replacement therapy by means of dialysis or 
kidney transplantation.

Based on a pilot study, treatment with steroids (1 mg/kg of prednisolone for a 
period of 4  weeks, which is then gradually decreased to a maintenance dose of 
0.15 mg/kg) can be considered at the time of diagnosis, provided that kidney func-
tion has not been severely impaired (eGFR >20 ml/min/1.73 m2) and with rapid 
evolution. If, however, there is no stabilization of the kidney function after 6 months, 
the treatment should be abandoned.

The major problem in monitoring patients suffering from AAN is that they regu-
larly need to be screened for cancer of the urinary tract. Urinary cytology can be 
performed routinely in all patients, but this test is not very sensitive with regard to 
the detection of tumors of the upper urinary tract. Moreover, it cannot replace the 
more aggressive strategy. Indeed, annual monitoring by means of computed axial 
tomography or magnetic resonance, as well as by means of a cystoscopy is the rec-
ommended practice.

Patients with ESKD, who are treated with dialysis or kidney transplantation, 
should undergo a prophylactic bilateral uretero-nephrectomy and monitoring should 
continue with cystoscopies with planned bladder biopsies every 6 months.

In case of bladder cancer, treatment includes endoscopic resections supple-
mented by the endovesical instillation of mitomycin C. Endovesical therapy based 
on the Bacillus Calmette –Guerin (BCG) can also be performed, even in patients 
with a kidney transplant, provided that therapy is combined with modulation of 
immunosuppression and prophylactic anti-tuberculosis chemotherapy. Radical cys-
tectomy with pyelostomy of the graft remains the ultimate measure in transplant 
patients with invasive bladder cancer.
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1  The Disease and Its Toll

Chronic kidney disease of unknown etiology (CKDu) is currently the world’s most 
common tubulointerstitial kidney disease. It has also been labeled Mesoamerican 
nephropathy and chronic interstitial nephritis in agricultural communities (CINAC). 
A distinct profile of patients are affected: young-to-middle aged, predominantly 
men, working strenuously at high temperatures, applying pesticides without protec-
tion and drinking water from nearest available field sources. High rates of death that 
are completely out of the expected range given the demographics, and obesity and 
diabetes rates in the affected communities are being observed. In one seminal pro-
spective study, nearly 10% of otherwise healthy men living in an endemic commu-
nity experienced rapid decline in kidney function (Fig. 1).

Three regional epidemics of kidney disease have occurred in the twentieth cen-
tury, all due to singular environmental exposures and all manifesting as a primary 
tubulointerstitial kidney disease.
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Most, similar to the current epidemic in agricultural communities; the Balkan 
nephropathy epidemic (see chapter “Aristolochic Acid Nephropathy and Balkan 
Nephropathy”), first described in the 1930s–1940s. Seeds of a local weed, 
Aristolochia clematitis, were admixing into the wheat harvest from select farms, 
slowly poisoning the kidney and bladder tissues of entire families with aristolochic 
acid. While pumping up production during World War II, Japanese mines leached 
cadmium into the Jintsu river basin; an astute physician servicing the area immedi-
ately caught the steep rise in painful bone lesions and kidney failure among resi-
dents of the area. Children playing in verandas with lead-laced paint on the railings 
were commonly hospitalized for acute lead poisoning in the early 1900s in 
Queensland, Australia. Decades later, the prevalence of “chronic nephritis” in adults 
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Fig. 1 (a) Men (b) Woman. Incident kidney function decline among 350 participants from a 
CKDu/MEN endemic community in Nicaragua: Although the study recruited people without prior 
history of CKD, 10% of men were diagnosed with baseline kidney dysfunction at the start of the 
study. An additional 10% of men and 3% of women experienced rapid decline from normal kidney 
function, with loss of nearly 10 ml/min/1.73 m2 of eGFR per year. (Figure courtesy: Gonzalez-
Quiroz, Marvin)
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40  years or younger was three-fold higher in Queensland than in other 
Australian states.

Unfortunately, it took over five decades to uncover the cause of Balkan nephrop-
athy. The current CKDu epidemic unfortunately seems to be following a similar arc. 
Despite its description in 2002, we have only managed to identify high-risk popula-
tions and characterize its basic pathology on kidney tissue. Key articles have high-
lighted the following potential causes: repeated kidney injury while working 
strenuously in hot temperatures, contamination of water or food chain with heavy 
metals, an infection with a new kidney-tropic pathogen, and a specific agrochemical 
exposure during application or via groundwater. The first hypothesis is the most 
prominent in the lay media, and has been linked to climate change, but none have 
been definitely proven or disproven. Unlike in acute-onset infections, the long lag 
between exposure and manifestation of symptomatic kidney disease has combined 
with the utter lack of resources for advanced methodological research to yield a 
frustrating medical mystery.

Meanwhile, CKDu is a terminal diagnosis in endemic regions. Dialysis is either 
unavailable or unaffordable. The death of a breadwinner reverberates through the 
entire household. In our qualitative work, a widow of a Sri Lankan farmer who died 
of kidney failure at age 47 reported that she could not afford to work due to lack of 
childcare. Her eldest daughter quit high school to work in a garment factory in the 
city to supply income for her two younger sisters. Kidney disease now consumes 
over 5% of Sri Lanka’s overall health budget, and the Sri Lankan Ministry of Health 
hosts a Renal Disease Prevention Unit, conducting large-scale kidney disease sur-
veillance in remote areas. A lowland coastal province in Nicaragua has been collo-
quially labeled ‘La Isla de Las Viudas’: The Isle of Widows. The CKDu epidemic 
has devastated individuals and communities.

While the two best described hotspots—Sri Lanka and Meso-America—are no 
doubt experiencing the worst toll of kidney disease, many experts suspect that other 
agricultural communities and workers may harbor higher rates of kidney dysfunc-
tion than evident in the general population. Systematic data on affected and unaf-
fected regions would enable better evaluation of potential risk factors, and direct 
additional clinical resources to populations in need. The International Society of 
Nephrology recently generated a simple set of common data elements that could be 
integrated in population health studies, so as to enable a rigorous assessment of 
CKD prevalence, and its association with region of residence or occupation 
(Table 1).

2  Pathology Findings

The most common histopathological finding among patients with clinical character-
istics of CKDu is tubulointerstitial nephritis, with accompanying glomerulosclero-
sis and ischemic injury. Despite the constraints on kidney biopsy in resource-settings, 
a few studies exist on pathological findings among people with CKDu, and show 
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that the histopathological characteristics are similar among those affected with 
CKDu in Sri Lanka, Nicaragua, and El Salvador. In 2012, investigators in Sri Lanka 
looked at 57 kidney biopsies; the dominant histopathological lesion was interstitial 
fibrosis and tubular atrophy with or without nonspecific interstitial mononuclear 
cell infiltration followed by glomerular enlargement in 21 biopsies. Furthermore, 
Anand et al. reported that among 87 Sri Lankan patients who underwent a kidney 
biopsy due to abnormal urine sediment or kidney function, half of the patients had 
a biopsy diagnosis of primary tubulointerstitial kidney disease (Fig. 2).

In 2013, a group of investigators in El Salvador analyzed kidney tissue from eight 
male patients affected with Mesoamerican Nephropathy. The most common histo-
pathological finding was glomerulosclerosis, chronic ischemic changes with tubular 
atrophy and interstitial fibrosis. A larger study in El Salvador including 46 patients 
with Mesoamerican nephropathy described interstitial fibrosis and tubular atrophy 
with or without inflammatory monocyte infiltration as the main histopathological 
lesion. Wijkstrom et al. compared kidney biopsies from both Sri Lanka and Meso-
America, and found that in both regions most patients presented with mild to moderate 
interstitial fibrosis and glomerulosclerosis with signs of chronic glomerular ischemia.

Table 1 Minimum data set recommended by ISN to identify hotspots of CKDu

Age
Sex
Ethnicity/racial group
Occupation
Education and income
Address or geolocation
Average temperatures
Diabetes
Hypertension
IDMS calibrated creatinine
Quantified albuminuria, or dipstick proteinuria, as feasible

Abbreviations: CKDu chronic kidney disease of unknown etiology

Fig. 2 Characteristic 
biopsy findings of CKDu 
in Sri Lanka: In a majority 
of biopsies, there is chronic 
tubular injury, with patchy 
areas of lymphocytic 
infiltration. (Figure 
courtesy Kambham, N, 
Ratnatunga N, and 
Nanayakkara N)
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In addition to chronic interstitial injury and glomerulosclerosis, a subset of indi-
viduals from both regions has been described to have acute interstitial nephritis, 
with active tubulitis and interstitial inflammation. Fischer et al. and Badurdeen et al. 
both described similar presentations—with back pain, fever, and pyuria present in 
varying degrees. In these cases, kidney biopsy findings were consistent with acute 
interstitial nephritis in studies performed via hospital surveillance.

Some authors have attempted to evaluate for ‘signature’ or pathognomonic 
lesions of CKDu. Vervaet et al. examined 34 kidney biopsies from Sri Lanka, El 
Salvador, India, and France of patients with CKD and clinical diagnosis of CKDu 
by light and electron microscopy. They described large dysmorphic lysosomes 
located in the proximal tubular cell . In addition, they described similar pathological 
findings (lysosomes) in kidney transplant biopsies exposed to calcineurin inhibitors. 
However subsequent studies have not confirmed these as pathognomonic lesions, 
but rather postulated that these are non-specific sign of tubular turn over.

3  Investigations into Cause: Major Hypotheses of Interest

The etiology and risk factors of CKDu remain unclear. In fact, researchers are still 
struggling to reconcile whether the disease occurring in Meso-America and Sri Lanka 
is the same entity (Fig. 3), since while several similarities exist, there are also several 

differences. Several possible causes have been suggested for CKDu in the last decade.
They include the following causes.

Occupational heat stress

Ground water contamination

Silica exposure through field burning

Genetic predisposition coupled with a common environmental exposure

New kidney tropic infection
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Ground water contaminating by agrochemicals
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Fig. 3 Similarities and differences in presentation and described risk factors for kidney disease in 
Meso-America and Sri Lanka: While the timeline of the disease description (late 1990s and onwards) 
as well as the affected populations (predominantly, men working in agricultural fields) are similar 
between the two best described hotspots, important differences exist in the two populations as well

3.1  Social Determinants

CKDu is associated with a high mortality among young disadvantages population 
in rural areas in Mesoamerica and South Asia. Most studies have demonstrated 
that poverty is associated with CKDu. There are multiple potential causative or 
contributory pathways, including its impact on access to healthcare, access to 
education, and food security. People experiencing food insecurity may experience 
increased risk for incident CKDu or for progression with CKDu through multiple 
ways such as diet quality (unable to purchase healthful foods due to financial 
problems), dietary patterns, and via a direct contaminated food toxicity). In addi-
tion, disadvantaged groups experience limited access to medical healthcare and 
social security. This is thought to occur because workers are hired by subcontrac-
tors who evade their responsibility to pay the social security or insurance contri-
bution for these workers. In Mesoamerican countries, when a worker is diagnosed 
with kidney disease because high serum creatinine level is detected, they are fired 
and lose access to medical care through the social security. This results in the 
inability of these workers to access the financial benefits of rightfully earned pen-
sions. In addition, when men become too sick to work or die of CKDu, their sons 
are often forced to leave school and start working to support the family and 
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medical expenses of their father. Ceron et al. also described a high incidence of 
CKD among children along the south coast of Guatemala, and Ramirez et  al. 
found that Nicaraguan adolescents are having evidence of early kidney damage as 
assessed by biomarkers, thus increasing susceptibility for further kidney impair-
ment in early adulthood.

3.2  Heat Stress and Dehydration

Heat stress and dehydration have become the most widely cited and studied causal 
hypotheses for CKDu in Mesoamerica, because groups with the highest preva-
lence—construction, agricultural and sugarcane workers—are performing strenu-
ous labor and working outdoors exposed to high temperature during 8-hours a day. 
Ultimately, this puts them at increased of physical exertion and recurrent dehydra-
tion that can result in acute kidney injury (AKI).

Putative mechanisms for chronic dehydration contributing to or causing CKDu 
include repeated episodes associated with increased vasopressin secretion, cortical 
aldose reductase activation, and hyperuricemia. Increased vasopressin release 
induced by dehydration leads to glomerular hyperfiltration causing vasoconstriction 
in the short run but damages the glomerulus in long-term leading to reduced 
eGFR. Aldose reductase activation in cortical proximal tubular cells is induced by 
high serum osmolarity, which converts glucose to sorbitol and then to fructose, 
which is further metabolized, generating uric acid and consuming cellular ATP. This 
process leads to oxidative stress that results in the development of tubular injury and 
fibrosis.

Based on the above mechanisms, intervention studies have been implemented to 
mitigate the effects of heat stress and dehydration on the kidney by providing access 
to water, rest and shade among sugarcane farm workers in Nicaragua and Guatemala. 
The study from Nicaragua has shown a substantial decrease in incident kidney 
injury across the harvest (70%) in harvest 2 as compared with harvest 1 where there 
was less uptake of the mitigating intervention.

However, it is yet to be proven whether the reduction in incident (acute or sub-
acute) kidney injury translates into a reduction in incident CKDu. Furthermore, 
workers living in other tropical regions exposed to heat have not, at least not yet, 
been reported to experience similar epidemics. The majority of the epidemiological 
studies have shown mild elevations in serum creatinine in cross-shift studies. There 
is also some concern that high water intake without assessment of water quality 
could be harmful as water sources may be contaminated with organic and inorganic 
contaminants (agrochemical and heavy metals). Also, high fructose (sugary bever-
ages) or glucose (electrolyte solution) intake in the context of chronic dehydration 
can induce kidney injury by activating the polyol pathway and increase uric acid 
level that may damage the kidney tubules. Thus, while heat stress and dehydration 
remain the most studied hypotheses for a cause of CKDu, definitive causation is yet 
to be established.
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3.3  Agrochemical and Metals

Agrochemicals have been used extensively and in an unregulated manner in 
Mesoamerica and South Asia. Farmers are highly exposed to them not only occu-
pationally but also in daily life from food and water. Paraquat, 
2,4- dichlorophenoxyacetic, glyphosate, and organophosphate (OP) are among the 
most used pesticides. Farm workers in these regions are using pesticides without 
protective gear. Up until recently, studies assessing pesticide use were based on 
self-reporting questionnaires, and while direct measurements of the bioburden of 
pesticides are now being pursued—mostly by urine measures—no definitive asso-
ciation with CKD has been established. Smpokou et al have measured serum level 
of twelve pesticides among healthy young adults in Nicaragua and did not find any 
association between these environmental toxins and incident decreased kidney 
function.

Exposure to metals such as lead, cadmium, mercury, arsenic, and other metals 
and toxins has also been suggested as potentially causative. However, several stud-
ies also reported that the exposure level, while higher than in Western regions, is 
insufficient to cause significant kidney injury. Recently, amorphous silica has been 
suggested to have a role in the development of CKDu. Rice and cane cutters are 
exposed to high concentration of amorphous silica due to the emissions from burn-
ing and harvesting sugarcane and rice husk ash. Silica nanoparticles (<40 nm) have 
localized in liver and kidney, where it can induce an inflammatory response, and 
these particles are phagocytosed by macrophages inducing cytotoxicity in different 
cell types in addition to activating inflammasomes in peripheral blood mononuclear 
cells. Nanoparticles can also potentially cross the basement membrane where they 
could be taken up by tubular cells causing chronic interstitial nephritis. Currently, 
promising work is being pursued in this area, especially using kidney biopsy tissue 
to evaluate for evidence of silica-related injury.

3.4  Genetics

Familial clustering of CKDu and geographical variation have been reported among 
men in hotspot regions. Family history of CKD and sex have been consistently 
associated with CKDu in Mesoamerica and South Asia. A whole-exome sequencing 
(GWAS) study was conducted in eight cases and controls respectively from Sri 
Lanka, and rs34970857 locus was identified at the KCNA10. This gene encodes a 
voltage-gated K channel and plays a role in stabilizing membrane voltage during 
sustained sodium entry at the apical membrane of proximal tubular cells. Also, four 
additional rare variants were revealed in the gene encoding for Laminin beta 2 
(LAMB2), which drives to congenital nephrotic syndrome. Furthermore, a genetic 
study conducted in 334 CKDu cases and 334 controls matched by age and sex 
reported that participants carrying at least one mutant allele of CYP1A1*2A (TC, 
CC) and *2C (AG, GG) were highly associated with CKDu. These intriguing data 
point to the need for detailed genetic profiling of affected populations.
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3.5  Use of Anti-inflammatory Drugs

Drug nephrotoxicity has been considered among the possible risk factors for CKD 
because the use of non-steroidal anti-inflammatory drugs (NSAIDs) or any other 
pain killers, diuretics, and antibiotics (gentamicin, and amikacin) is common in the 
population at risk for CKDu. Aminoglycosides and other antibiotics are used to treat 
dysuria (colloquioly termed ‘Chistata’) or urinary tract infections in hotspots 
regions. However, in Sri Lanka, use of NSAIDs is much less common.

3.6  Infectious Diseases

Infectious diseases have been suggested as additional risk factors for CKD. Dengue 
virus, Zika, leptospira, and hantavirus, which are diseases that are endemic in 
Mesoamerica and Asia regions (Sri Lanka and India), are thought to cause tubuloin-
terstitial kidney injury. Case series from both Sri Lanka and Nicaragua have docu-
mented a small number of cases with a clinical syndrome of fever of unknown 
origin and kidney dysfunction, and biopsies in these patients show acute interstitial 
inflammation. However, a case-control study did not identify a higher prevalence of 
Leptospira or hantavirus exposure among cases with CKDu. Moreover, Araujo 
et al., reported that patients with a coinfection of dengue fever and Zika are more 
likely to develop a severe collapsing variant of focal segmental glomerulosclerosis. 
To date, while infectious causes remain a hypothesis of interest for CKDu, there 
hasn’t been a single identified cause.

4  Ongoing Research Efforts

There are several groups employing a variety of epidemiological approaches to 
investigate the etiology of CKDu in Mesoamerica and Asia regions (Fig. 4). These 
approaches include community-based and occupational studies, cross-sectional, 
case control, prospective and interventional studies in Mesoamerica and Asia 
regions. As an example, Gonzalez-Quiroz et  al. and Ruwanpathirana et  al. have 
three community-based cohort studies in Nicaragua, India, and Sri-Lanka with the 
following aims: (1) investigate the evolution of, and risk factors for decrease in 
kidney function over time among young adults at risk of CKDu, and (2) compare 
the evolution and risk factors for kidney function decline in different population and 
regions at risk of CKDu. Each study site has recruited almost 1000 participants 
between 18 and 30 years old from different endemic communities and they have 
been followed-up annually over 2-years in Sri Lanka and India and over 7-years in 
Nicaragua. Moreover, there is one occupational prospective cohort study with the 
aim to identify occupational exposures associated with kidney injury and decrease 
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in kidney function over time. This study has recruited approximately 500 workers 
(sugarcane workers, agricultural workers, and brickmakers) in El Salvador and 
Nicaragua. Researchers have been collecting data and biological samples over 
3 years and have measured cystatin c, serum creatinine and other kidney biomark-
ers. (https://www.bu.edu/sph/about/departments/epidemiology/research/researc)

A case-cohort study is ongoing in Sri Lanka where more than 300 participants with 
CKDu were recruited and followed for 2 years. The aims of this prospective study are 
to (1) describe the natural history of CKDu, (2) determine if a subset of participants 
experience more rapid progression, and (3) elucidate risk factors for rapid progres-
sion. This study is collecting a variety of environmental exposures and will analyze 
contaminants in drinking water. In addition, there is a historical and prospective case-
cohort study in Nicaragua, El Salvador, Mexico India, and Sri Lanka, in which 
researchers will determine the silica nanoparticle content in kidney biopsy tissue from 
subjects with CKDu or from subjects from the same region who have different kidney 
diseases. This study is planning to recruit at 25 biopsies from each study site.

Finally, there two active intervention studies in Mesoamerica, (1) the first inter-
vention is called We Adelante in Nicaragua, where researchers are examining the 
effectiveness of Water, Rest, and Shade program to reduce heat stress and dehydra-
tion and thus prevent or minimize kidney injury among sugarcane field workers. 
This study has found in its third phase a reduction of 70% of incidence kidney injury 
among cane cutter in Nicaragua by providing access to Water, Rest and Shade dur-
ing the harvest. A similar intervention has been implemented by the University of 
Colorado and Pantaleon mill in Guatemala, where they recommend that electrolyte 
supplementation should be incorporated to standard workplace along with Water, 
Rest, and Shade programs for protecting workers.

Fig. 4 Collaborations between institutions to investigate CKDu as reported to International 
Society of Nephrology Observatory on CKDu, as of January 2021: The mysterious kidney disease 
affecting a vulnerable population in low-resource settings has inspired global collaborations 
between academic centers throughout the world and across academic disciplines. These efforts 
will build capacity for kidney disease research and care

M. Gonzalez-Quiroz et al.

https://www.bu.edu/sph/about/departments/epidemiology/research/researc


227

5  Summary

A regional nephropathy of undetermined cause has led to a high rate of death and 
disability from kidney disease in otherwise healthy young-to-middle aged persons 
living in agricultural areas in Meso-America, Sri Lanka, and India. Due to the lack 
of systematic surveillance and diagnostics, it is not clear whether kidney health is 
suffering in other agricultural areas, but the long-described hotspots in Mesoamerica, 
Sri Lanka, and India offer an opportunity for collaborative, cross-disciplinary inves-
tigations integrating nephrology, pathology, occupational health, and environmental 
health. Several hypotheses are being tested, and as the field matures, many studies 
are accommodating evaluation of multiple potential exposures with additional 
resources being devoted to high-quality study design and exposure ascertainment.

Suggested Reading

 Araujo SA, Cordeiro TME, Belisario AR, Araujo RFA, Marinho PES, Kroon EG, de Oliveira 
DB, Teixeira MM, Simoes ESAC. First report of collapsing variant of focal segmental glo-
merulosclerosis triggered by arbovirus: dengue and Zika virus infection. Clin Kidney 
J. 2019;12(3):355–61.

 Badurdeen Z, Nanayakkara N, Ratnatunga NV, Wazil AW, Abeysekera TD, Rajakrishna PN, et al. 
Chronic kidney disease of uncertain etiology in Sri Lanka is a possible sequel of interstitial 
nephritis! Clin Nephrol. 2016;86(13):S106–S9.

 Butler-Dawson J, Krisher L, Asensio C, et al. Risk factors for declines in kidney function in sug-
arcane workers in Guatemala. J Occup Environ Med. 2018;60:548–58.

 Cerón A, Fort MP, Morine CM, Lou-Meda R.  Chronic kidney disease among children in 
Guatemala. Rev Panam Salud Publica. 2014;36(6):376–82.

 Chapman E, Haby MM, Illanes E, Sanchez-Viamonte J, Elias V, Reveiz L. Risk factors for chronic 
kidney disease of non-traditional causes: a systematic review. Rev Panam Salud Publica. 
2019;43:e35. Published 2019 Mar 14. https://doi.org/10.26633/RPSP.2019.35.

 Crowe J, Wesseling C, Solano BR, et al. Heat exposure in sugarcane harvesters in Costa Rica. Am 
J Ind Med. 2013;56:1157–64.

 Fischer RSB, Vangala C, Truong L, Mandayam S, Chavarria D, Granera Llanes OM, et al. Early 
detection of acute tubulointerstitial nephritis in the genesis of Mesoamerican nephropathy. 
Kidney Int. 2018;93(3):681–90.

 Fischer R, Unrine J, Vangala C, Sanderson W, Mandayam S, Murray K. Evidence of nickel and 
other trace elements and their relationship to clinical findings in acute Mesoamerican nephrop-
athy: a case-control analysis. PLoS One. 2020;15(11):e0240988.

 Friedman DJ.  Genes and environment in chronic kidney disease hotspots. Curr Opin Nephrol 
Hypertens. 2019;28(1):87–96. https://doi.org/10.1097/MNH.0000000000000470.

 Garcia-Garcia G, Jha V, World Kidney Day Steering Committee. Chronic kidney disease 
in disadvantaged populations. Braz J Med Biol Res. 2015;48(5):377–81. https://doi.
org/10.1590/1414-431X20144519.

 García-Trabanino R, Jarquín E, Wesseling C, Johnson RJ, González-Quiroz M, Weiss I, Glaser 
J, Vindell JJ, Stockfelt L, Roncal C, Harra T, Barregard L. Heat stress, dehydration, and kid-
ney function in sugarcane cutters in El Salvador – a cross-shift study of workers at risk of 
Mesoamerican nephropathy. Environ Res. 2015. pii: S0013-9351(15)30028-1. https://doi.
org/10.1016/j.envres.2015.07.007.

Chronic Kidney Disease of Unknown Etiology

https://doi.org/10.26633/RPSP.2019.35
https://doi.org/10.1097/MNH.0000000000000470
https://doi.org/10.1590/1414-431X20144519
https://doi.org/10.1590/1414-431X20144519
https://doi.org/10.1016/j.envres.2015.07.007
https://doi.org/10.1016/j.envres.2015.07.007


228

 Ghosh R, Siddarth M, Singh N, et al. Organochlorine pesticide level in patients with chronic kid-
ney disease of unknown etiology and its association with renal function. Environ Health Prev 
Med. 2017;22:49. https://doi.org/10.1186/s12199-017-0660-5.

 Glaser J, Hansson E, Weiss I, et al. Preventing kidney injury among sugarcane workers: promising 
evidence from enhanced workplace interventions. Occup Environ Med. 2020;77:527–34.

 Gomez Diana M, Silvio U-I, Hernandez JC. Silica nanoparticles induce NLRP3 inflammasome 
activation in human primary immune cells. Innate Immun. 2017;23(8):697–708.

 González-Quiroz M, Camacho A, Faber D, Aragón A, Wesseling C, Glaser J, Le Blond J, Smeeth 
L, Nitsch D, Pearce N, Caplin B. Rationale, description and baseline findings of a commu-
nity-based prospective cohort study of kidney function amongst the young rural population of 
Northwest Nicaragua. BMC Nephrol. 2017;18:16. https://doi.org/10.1186/s12882-016-0422-4.

 Gonzalez-Quiroz M, Smpokou E-T, Silverwood RJ, Camacho A, Faber D, Garcia BLR, Oomatia 
A, Hill M, Glaser J, Le Blond J, Wesseling C, Aragon A, Smeeth L, Pearce N, Nitsch D, 
Caplin B.  Decline in kidney function among apparently healthy young adults at risk of 
Mesoamerican nephropathy. J Am Soc Nephrol. 2018a;29:2200–12. https://doi.org/10.1681/
ASN.2018020151.

 Gonzalez-Quiroz M, Pearce N, Caplin B, Nitsch D. What do epidemiological studies tell us about 
chronic kidney disease of undetermined cause in Mesoamerica? A systematic review and meta-
analysis. Clin Kidney J. 2018b;11(4):496–506. https://doi.org/10.1093/ckj/sfx136.

 Gonzalez-Quiroz M, Nitsch D, Hamilton S, O’Callaghan-Gordo C, Saran R, Glaser J, Correa-
Rotter R, Jakobsson K, Singh A, Gunawardena N, Levin A, Remuzzi G, Caplin B, Pearce N, on 
behalf of the DEGREE Study Steering Committee. Rationale and population-based prospective 
cohort protocol for the Disadvantaged Populations at Risk of Decline in eGFR (CO-DEGREE). 
BMJ Open. 2019;9(9):e031169. https://doi.org/10.1136/bmjopen-2019-031169.

 Gracia-Trabanino R, Dominguez J, Jansa JM, et al. Proteinuria and chronic renal failure in the 
coast of El Salvador: detection with low cost methods and associated factors. Nefrologia. 
2005;25:31–8.

 Gunarathna S, Gunawardana B, Jayaweera M, et al. Glyphosate and AMPA of agricultural soil, 
surface water, groundwater and sediments in areas prevalent with chronic kidney disease of 
unknown etiology, Sri Lanka. J Environ Sci Health B. 2018;53:729–37.

 Gutthann SP, Rodríguez LAG, Raiford DS, Oliart AD, Romeu JR.  Nonsteroidal anti-inflam-
matory drugs and the risk of hospitalization for acute renal failure. Arch Intern Med. 
1996;156(21):2433–9. https://doi.org/10.1001/archinte.1996.00440200041005.

 Hansson E, Glaser J, Weiss I, et al. Workload and cross-harvest kidney injury in a Nicaraguan 
sugarcane worker cohort. Occup Environ Med. 2019;76:818–26.

 Harari F, Sallsten G, Christensson A, Petkovic M, Hedblad B, Forsgard N, Melander O, Nilsson 
PM, Born Y, Engstr MG, et al. Blood lead levels and decreased kidney function in a population-
based cohort. Am J Kidney Dis. 2018;72(3):381–9.

 Herath C, Jayasumana C, De Silva P, De Silva PHC, Siribaddana S, De Broe ME. Kidney dis-
eases in agricultural communities: a case against heat-stress nephropathy. Kidney Int Rep. 
2018;3(2):271–80. [PubMed: 29725631]

 Kulathunga MRDL, Ayanka Wijayawardena MA, Naidu R, et al. Chronic kidney disease of unknown 
aetiology in Sri Lanka and the exposure to environmental chemicals: a review of literature. 
Environ Geochem Health. 2019;41:2329–38. https://doi.org/10.1007/s10653-019-00264-z.

 Laux TS, Bert PJ, Barreto Ruiz GM, et al. Nicaragua revisited: evidence of lower prevalence of 
chronic kidney disease in a highaltitude, coffee-growing village. J Nephrol. 2012;25:533–40.

 Laws RL, Brooks DR, Amador JJ, Weiner DE, Kaufman JS, Ramírez-Rubio O, Riefkohl A, 
Scammell MK, López-Pilarte D, Sánchez JM, Parikh CR, McClean MD. Biomarkers of kidney 
injury among Nicaraguan sugarcane workers. Am J Kidney Dis. 2016;67(2):209–17. https://
doi.org/10.1053/j.ajkd.2015.08.022. Epub 2015 Oct

 Le Blond JS, Williamson BJ, Horwell CJ, Monro AK, Kirk CA, Oppenheimer C. Production of 
potentially hazardous respirable silica airborne particulate from the burning of sugarcane. 
Atmos Environ. 2008;42:5558–68.

M. Gonzalez-Quiroz et al.

https://doi.org/10.1186/s12199-017-0660-5
https://doi.org/10.1186/s12882-016-0422-4
https://doi.org/10.1681/ASN.2018020151
https://doi.org/10.1681/ASN.2018020151
https://doi.org/10.1093/ckj/sfx136
https://doi.org/10.1136/bmjopen-2019-031169
https://doi.org/10.1001/archinte.1996.00440200041005
https://doi.org/10.1007/s10653-019-00264-z
https://doi.org/10.1053/j.ajkd.2015.08.022
https://doi.org/10.1053/j.ajkd.2015.08.022


229

 Le Blond JS, Horwell CJ, Williamson BJ, Oppenheimer C. Generation of crystalline silica from 
sugarcane burning. J Environ Monit. 2010;12:1459–70.

 Longmire M, Choyke PL, Kobayashi H. Clearance properties of nano-sized particles and mole-
cules as imaging agents: considerations and caveats. Nanomedicine (Lond). 2008;3(5):703–17. 
https://doi.org/10.2217/17435889.3.5.703.

 Lyndsay K, Jaime B-D, Hillary Y, Daniel P, Miranda D, Johnson Evan C, Diana J, Alex C, Claudia 
A, Newman Lee S.  Electrolyte beverage intake to promote hydration and maintain kidney 
function in Guatemalan sugarcane workers laboring in hot conditions. J Occup Environ Med. 
2020;62(12):e696–703. https://doi.org/10.1097/JOM.0000000000002033.

 Michael FC, Elisabeth E, Per L, Fryzek Jon P, Dickman Paul W, Signorello Lisa B, Loren L, Carl-
Gustaf E, Blot WJ, McLaughlin Joseph K, Zack Matthew M, Olof N. Acetaminophen, aspirin, 
and chronic renal failure. N Engl J Med. 2001;345:1801–8.

 Nanayakkara S, Senevirathna ST, Parahitiyawa NB, Abeysekera T, Chandrajith R, Ratnatunga N, 
Hitomi T, Kobayashi H, Harada KH, Koizumi A. Whole-exome sequencing reveals genetic 
variants associated with chronic kidney disease characterized by tubulointerstitial damages in 
North Central Region, Sri Lanka. Environ Health Prev Med. 2015 Sep;20(5):354–9.

 O’Donnell JK, Tobey M, Weiner DE, et al. Prevalence of and risk factors for chronic kidney dis-
ease in rural Nicaragua. Nephrol Dial Transplant. 2011;26:2798–805.

 Orantes CM, Herrera R, Almaguer M, et al. Chronic kidney disease and associated risk factors in 
the Bajo Lempa region of El Salvador: Nefrolempa study, 2009. MEDICC Rev. 2011;13:14–22.

 Orantes CM, Herrera R, Almaguer M, et al. Epidemiology of chronic kidney disease in adults of 
Salvadoran agricultural communities. MEDICC Rev. 2014;16:23–30.

 Peiris-John R, Wanigasuriya J, Wickremasinghe A, Dissanayake W, Hittarage A. Exposure to acetyl-
cholinesterase-inhibiting pesticides and chronic renal failure. Ceylon Med J. 2009;51(1):42–3. 
https://doi.org/10.4038/cmj.v51i1.1382.

 Raines N, Gonzalez M, Wyatt C, et al. Risk factors for reduced glomerular filtration rate in a 
Nicaraguan community affected by Mesoamerican nephropathy. MEDICC Rev. 2014;16:16–22.

 Ramirez-Rubio O, Scammell MK, et al. Chronic kidney disease in Nicaragua: a qualitative analy-
sis of semi-structured interviews with physicians and pharmacists. 2011. http://www.cao-
ombudsman.org/cases/document-links/documents/BUInterviewsReportFEB2012Eng.pdf.

 Ramírez-Rubio O, Amador JJ, Kaufman JS, Weiner DE, Parikh CR, Khan U, McClean MD, Laws 
RL, López-Pilarte D, Friedman DJ, Kupferman J, Brooks DR. Urine biomarkers of kidney 
injury among adolescents in Nicaragua, a region affected by an epidemic of chronic kid-
ney disease of unknown aetiology. Nephrol Dial Transplant. 2016;31(3):424–32. https://doi.
org/10.1093/ndt/gfv292.

 Riefkohl A, Ramirez-Rubio O, Laws R, McClean M, Weinar D, Kaufman J, Galloway R, Shadomy 
S, Guerra M, Amador J, Sanchez J, Lopez-Pilarte D, Parikh C, Leibler J, Brooks D. Leptospira 
seropositivity as a risk factor for Mesoamerican nephropathy. Int J Occup Environ Health. 
2017;23(1):1–10. https://doi.org/10.1080/10773525.2016.1275462.

 Roncal Jimenez CA, Ishimoto T, Lanaspa MA, Rivard CJ, Nakagawa T, Ejaz AA, Cicerchi C, 
Inaba S, Le M, Miyazaki M, Glaser J, Correa-Rotter R, González MA, Aragón A, Wesseling 
C, Sánchez-Lozada LG, Johnson RJ. Fructokinase activity mediates dehydration-induced renal 
injury. Kidney Int. 2014 Aug;86(2):294–302. https://doi.org/10.1038/ki.2013.492.

 Roncal-Jimenez C, Lanaspa M, Jensen T, Sanchez-Lozada L, Johnson R. Mechanisms by which 
dehydration may lead to chronic kidney disease. Ann Nutr Metab. 2015;66(Suppl. 3):10–3.

 Roncal-Jimenez C, García-Trabanino R, Barregard L, Lanaspa MA, Wesseling C, Harra T, Aragόn 
A, Grases F, Jarquin ER, González MA, Weiss I, Glaser J, Sánchez-Lozada LG, Johnson 
RJ.  Heat stress nephropathy from exercise-induced uric acid crystalluria: a perspective on 
Mesoamerican nephropathy. Am J Kidney Dis. 2016;67(1):20–30. https://doi.org/10.1053/j.
ajkd.2015.08.021.

 Ruwanpathirana T, Senanayake S, Gunawardana N, Munasinghe A, Ginige S, Gamage D, 
Amarasekara J, Lokuketagoda B, Chulasiri P, Amunugama S, Palihawasana P, Caplin B, Pearce 

Chronic Kidney Disease of Unknown Etiology

https://doi.org/10.2217/17435889.3.5.703
https://doi.org/10.1097/JOM.0000000000002033
https://doi.org/10.4038/cmj.v51i1.1382
http://www.cao-ombudsman.org/cases/document-links/documents/BUInterviews
http://www.cao-ombudsman.org/cases/document-links/documents/BUInterviews
https://doi.org/10.1093/ndt/gfv292
https://doi.org/10.1093/ndt/gfv292
https://doi.org/10.1080/10773525.2016.1275462
https://doi.org/10.1038/ki.2013.492
https://doi.org/10.1053/j.ajkd.2015.08.021
https://doi.org/10.1053/j.ajkd.2015.08.021


230

N. Prevalence and risk factors for impaired kidney function in the district of Anaradhapura, Sri 
Lanka. BMC Public Health. 2019;19:763.

 SALTRA. Mesoamerican nephropathy: report from the first International Research Workshop on 
MeN. 2012. Salud Trabajo y Ambiente, No 10.

 Sanoff SL, Callejas L, Alonso CD, et al. Positive association of renal insufficiency with agriculture 
employment and unregulated alcohol consumption in Nicaragua. Ren Fail. 2010;32:766–77.

 Schaeffer JW, et al. A pilot study to assess inhalation exposures among sugarcane workers in 
Guatemala: implications for chronic kidney disease of unknown origin. Int J Environ Res 
Public Health. 2020;17(16):5708.

 Siddarth M, Datta SK, Ahmed RS, Banerjee BD, Kalra OP, Tripathi AK. Association of CYP1A1 
gene polymorphism with chronic kidney disease: a case control study. Environ Toxicol 
Pharmacol. 2013;36(1):164–70. https://doi.org/10.1016/j.etap.2013.03.008.

 Smpokou E-T, González-Quiroz M, Martins C, Alvito P, Le Blond J, Glaser J, Aragón A, Wesseling 
C, Nitsch D, Pearce N, Norman J, Lindh C, Morton J, Caplin B. Environmental exposures in 
young adults with declining kidney function in a population at risk of Mesoamerican nephropa-
thy. Occup Environ Med. 2019;76:920–6.

 Torres C, Aragón A, González M, López I, Jakobsson K, Elinder CG, Lundberg I, Wesseling 
C. Decreased kidney function of unknown cause in Nicaragua: a community-based survey. Am 
J Kidney Dis. 2010;55(3):485–96. Epub 2010, Feb 8.

 Valcke M, Levasseur ME, Soares da Silva A, Wesseling C. Pesticide exposures and chronic kidney 
disease of unknown etiology: an epidemiologic review. Environ Health. 2017;16:49.

 Vela XF, Henriquez DO, Zelaya SM, et al. Chronic kidney disease and associated risk factors in 
two Salvadoran farming communities, 2012. MEDICC Rev. 2014;16:55–60.

 Vlahos P, Schensul SL, Nanayakkara N, Chandrajith R, Haider L, Anand S, Silva KT, Schensul 
JJ. Kidney progression project (KiPP): protocol for a longitudinal cohort study of progression 
in chronic kidney disease of unknown etiology in Sri Lanka. Glob Public Health. 2018;14:1–13. 
https://doi.org/10.1080/17441692.2018.1508480.

 Wesseling C, Aragón A, González M, Weiss I, Glaser J, Rivard CJ, Roncal-Jiménez C, Correa-
Rotter R, Johnson RJ. Heat stress, hydration and uric acid: a cross-sectional study in workers 
of three occupations in a hotspot of Mesoamerican nephropathy in Nicaragua. BMJ Open. 
2016;6:e011034. https://doi.org/10.1136/bmjopen-2016-011034.

 Wijkstrom J, Jayasumana C, Dassanayake R, Priyawardane N, Godakanda N, Siribaddana S, Ring 
A, Hultenby K, Soderberg M, Elinder CG, Wernerson A. Morphological and clinical findings 
in Sri Lankan patients with chronic kidney disease of unknown cause (CKDu): similarities and 
differences with Mesoamerican nephropathy. PLoS One. 2018;13(3):e0193056.

 Yih WK, Kulldorff M, Friedman DJ, Leibler JH, Amador JJ, López-Pilarte D, Galloway RL, 
Ramírez-Rubio O, Riefkohl A, Brooks DR. Investigating possible infectious causes of chronic 
kidney disease of unknown Etiology in a Nicaraguan mining community. Am J Trop Med Hyg. 
2019;101(3):676–83.

M. Gonzalez-Quiroz et al.

https://doi.org/10.1016/j.etap.2013.03.008
https://doi.org/10.1080/17441692.2018.1508480
https://doi.org/10.1136/bmjopen-2016-011034


231© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
M. G. Atta, M. A. Perazella (eds.), Tubulointerstitial Nephritis, 
https://doi.org/10.1007/978-3-030-93438-5_18

Infiltrative Disease 
of the Tubulointerstitium

Abinet M. Aklilu and Randy L. Luciano

1  Infiltrative Diseases of the Tubulointerstitium

Acute kidney injury (AKI) in malignancy contributes to significant morbidity in the 
form of hospital admissions and increased length of stay, and perhaps more impor-
tantly, treatment delay and potentially suboptimal dosing of chemotherapeutic 
agents. Furthermore, AKI is an independent determinant of 6-month remission for 
newly diagnosed high-grade hematologic malignancies. The incidence and etiology 
of AKI in cancer varies depending on the type and extent of malignancy, concomi-
tant comorbidities, and treatment. The most common causes of kidney injury in 
malignancies are pre-renal azotemia and acute tubular injury (ATI), although 
obstruction, glomerular injury, and tubulointerstitial infiltration may also occur to a 
lesser degree. Tubulointerstitial diseases in malignancy, can result from infiltration 
of the interstitial space by the cancer cells or a secondary inflammation caused by 
cancer targeted therapy such as immune check point inhibitors. In this chapter, we 
will discuss non-immune mediated infiltrative tubulointerstitial diseases of the kid-
ney in the context of both solid organ and hematologic malignancies (Table 1).

Infiltrative lesions expand the interstitium, leading to a distortion of the normal 
kidney micro-structures. Histology will show an influx of cells (either pleomorphic 
or monomorphic, depending on the underlying cause), leading to compression of 
tubular lumen, inflammation, invasion of renal tubular epithelial cells (tubulitis), 
and the presence of white blood cell casts that can cause further tubular damage or 
obstruction (Fig. 1). These lesions are unique in that they may be entirely clinically 
silent depending on the extent of parenchymal involvement but when clinically sig-
nificant, can present an indication for treatment particularly in cases of indolent 
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hematologic dyscrasias that otherwise do not meet criteria for treatment based on 
standard hematology guidelines. The kidney injury that results from infiltrative 
lesions is believed to be due to increased interstitial pressure and the severity 
depends on the extent of involvement by the infiltrative cells. Kidney biopsy may 
also show other structural lesions coexisting with the infiltrative cells as well as 
bowman capsule thickening as a result of chronic ischemia from chronic infiltration.

2  Lymphoproliferative Disorders

Lymphoproliferative disorders may originate from lymphoid tissues as in lympho-
mas, or the bone marrow, as in leukemia and multiple myeloma. These disorders 
can present with a myriad of kidney manifestations ranging from pre-renal to 
obstructive to intrarenal, the latter of which can include glomerular, tubular and 
tubulointerstitial injuries. Leukemias, lymphomas, and even benign clonal disorders 
may present with infiltrative kidney lesions alone or in combination with other 
kidney-related manifestations. As evidenced by their higher incidence on autopsy, 
these infiltrates are usually silent and may only be detected when the disease is 

Table 1 Tubulointerstitial disease from various cancer

Malignancies with tubulointerstitial manifestations
Hematologic Solid

Lymphoproliferative 
diseases

Lymphomatous 
infiltrates – rarely 
primary

Primary Secondary
(Metastatic)

Leukemia Adult
•   Renal cell carcinoma
•   RCC with sarcomatous 

features
•   Urothelial carcinoma
•   Primary renal sarcoma 

(rarest)
•   Most 

common - 
Leiomyosarcoma

•   Most likely to be 
infiltrative - 
Rhabdomyosarcoma 
and Angiosarcoma

Pediatric
•   Wilm’s tumor
•   Rhabdoid tumor
•   PNET
•   Diffuse type 

nephroblastomatosis

Most commonly 
bronchogenic 
carcinoma, 
followed by breast 
cancer, and GI 
malignancies

Lymphoplasmacytic 
lymphoma
Immunodeficiency-
related 
lymphoproliferative 
disorders (e.g. PTLD, 
HIV)

Paraneoplastic or 
paraprotein-related 
cancers

•   Light chain deposition 
disease

•   Crystal storing 
histiocytosis

•   Infiltration by plasma 
cells

Abbreviations: RCC renal cell carcinoma, PTLD post-transplant lymphoproliferative disorder, 
HIV human immunodeficiency virus, PNET primary neuro-ectodermal tumors, GI gastrointestinal
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advanced. Clinically significant infiltrative diseases are even more rare. AKI is 
believed to occur as a result of increased interstitial pressure leading to reduced 
renal blood flow and tubular injury. Symptoms include abdominal or flank pain 
from the enlarged kidneys and hypertension, and urine analysis may reveal hematu-
ria and often mild sub-nephrotic proteinuria. Computed tomography (CT) scan is 
the preferred imaging modality which may show solitary lesions, perirenal lesions 
and/or direct invasion from contiguous retroperitoneal disease where the lesions 
would show as areas of decreased enhancement. However, imaging is nondiagnostic 
as it often misses histologically evident lesions. Once pre-renal and obstructive eti-
ologies are excluded, kidney biopsy is absolutely essential in making an accurate 

Fig. 1 Kidney biopsy 
from a patient with acute 
interstitial nephritis. 160× 
light microscopy image 
stained with hematoxylin 
and eosin showing 
extensive interstitial 
inflammation and renal 
tubular compression
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diagnosis for persistent AKI as the management will differ based on the type of 
lesion. Immunohistochemistry is a helpful diagnostic tool in identifying the infiltra-
tive cell type and guiding therapy.

2.1  Lymphomatous Infiltrates

Since the first cases of lymphomatous infiltrates on 9 autopsies presented to the 
Pathological Society of London by Sutton and Turner in 1878, several reports have 
come out showing kidneys as the most common site of involvement in extranodal 
metastatic lymphoma, with an incidence of 6–60% in autopsy reports. Infiltration of 
the kidneys has been reported on autopsy in up to 50% of patients with non- Hodgkin 
lymphoma (NHL) and in one in three patients in the case of diffuse large B cell 
lymphoma. AKI can rarely be the initial presenting symptom of non-Hodgkin lym-
phoma. Primary renal lymphoma isolated to the parenchyma on the other hand is 
highly uncommon, accounting for <1% of cases of extranodal lymphoma. Imaging 
may show bilateral symmetric kidney enlargement. However, imaging finding is 
only reported in 3–8% of patients with lymphoma as opposed to the high frequency 
seen on autopsy which highlights not only the poor correlation between imaging 
and histologic findings but also that infiltration is clinically silent in most cases. 
Kidney biopsy may be required to distinguish lymphomatous infiltration from non- 
neoplastic infiltration caused by medications or infections. In disease due to lym-
phoma, biopsy will demonstrate a dense interstitial infiltrate with a predominance 
of lymphocytes (Fig. 2). Prognostically, AKI associated with infiltration of aggres-
sive NHL is often highly responsive to tumor directed therapy but kidney function 
recovery does not necessarily correlate with overall disease remission or disease- 
free survival.

Fig. 2 160× light 
microscopy image from a 
kidney biopsy stained with 
hematoxylin and eosin 
from a patient with 
Non-Hodgkin’s 
Lymphoma. Biopsy shows 
focal lymphocytic 
infiltration
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2.2  Lymphoplasmacytic Lymphomas

Lymphoplasmacytic lymphomas are rare indolent Non Hodgkin Lymphoma which 
are a variable mixture of three types of cells (B cells, plasmacytoid lymphocytes, and 
plasma cells), the majority of which are Waldenstrom’s macroglobulinemia occurring 
in 3–4 cases per million per year. In a French cohort of 35 patients with IgM mono-
clonal gammopathy, interstitial infiltration with B cells was the most common mani-
festation in 51% of the patients. This may be the only systemic manifestation of the 
disease in some cases and in 15% of cases, it represented an indication for treatment 
in what was thought to be an otherwise indolent Waldenstrom’s macroglobulinemia.

Waldenstrom’s macroglobulinemia, which is rare with an incidence of 2% of 
hematologic malignancies, has diverse kidney manifestations. It is an IgM associ-
ated B cell lymphoproliferative disorder characterized by the presence of an IgM 
monoclonal protein >1 g/dl with 10% lymphoplasmacytic infiltrate in the bone mar-
row. Diffuse infiltration by clonal B-cells has been reported in about 74% of patients 
with Waldenstrom’s macroglobulinemia that have tubulointerstitial manifestation. 
Of 1363 patients with IgM-secreting B cell lymphoproliferative disorders including 
Waldenström macroglobulinemia evaluated at the Mayo Clinic between 1996 and 
2015, 57 had both bone marrow and kidney biopsies of which 14% (n = 8) had tubu-
lointerstitial nephritis. Lymphomatous infiltrate alone was the most common tubu-
lointerstitial lesion in 4% of all lesions, the rest being light-chain cast nephropathy 
(n = 2), one with both light-chain cast nephropathy and lymphoma infiltration, and 
one with lymphoma infiltration along with ANCA-associated glomerulonephritis.

2.3  Leukemic Infiltrates

Leukemic tubulointerstitial infiltration is commonly reported in literature. The prev-
alence of kidney infiltration by leukemic cells in CLL has been reported in 63 to 
90% of autopsy reports but similar to lymphomatous infiltrative disease, AKI as a 
result of leukemic infiltration is rare. In a study of 668 consecutive patients with 
lymphoproliferative disease, bilateral kidney enlargement was the most common 
imaging finding. Biopsy will reveal extent of infiltration and fibrosis, both of which 
can influence prognosis (Fig. 3a). Biopsy can also reveal leukemic subtypes that 
may alter treatment (Fig. 3b).

2.4  Plasma Cell Dyscrasia Associated Infiltrative Diseases

Multiple myeloma is the hematologic malignancy that is most commonly associated 
with direct tumor related kidney injury. AKI secondary to cast nephropathy is the 
most common manifestation and considered a myeloma defining event. An 
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extremely rare presentation of multiple myeloma is interstitial infiltration by plasma 
cells and has been reported in up to 3.8% of autopsy findings of patients with mul-
tiple myeloma. Infiltrating plasma cells are diagnosed by IHC staining for CD138. 
It may present along with other more common myeloma manifestations such as 
light chain cast nephropathy, monoclonal immunoglobulin deposition disease, and 
nodular glomerulosclerosis.

Crystal storing histiocytosis (also known as pseudo-Gaucher cells) is another 
rare manifestation of dysproteinemias that presents with infiltration of the bone 
marrow or other organs by histiocytes containing eosinophilic, lysosomal immuno-
globulinemic crystalline inclusions, which can also infiltrate the tubulointerstitium 
of the kidneys.

2.5  Immunodeficiency Related Lymphoproliferative Disorders 
of the Kidney

Immunodeficiency related lymphoproliferative disorders are seen with prior EBV, 
CMV or HHV8 infection in those with HIV or in individuals who are on immuno-
suppression post-transplant. Post-transplant lymphoproliferative disorder (PTLD) 

a b

Fig. 3 Kidney biopsy from a patient with chronic lymphocytic leukemia. (a) 160× light microscopy 
image of kidney biopsy specimen stained with hematoxylin and eosin showing extensive interstitial 
inflammation and renal tubule compression. (b) 160× light microscopy image of kidney biopsy 
specimen stained with anti-CD3 T-cell marker showing a significant infiltrate of CD3 positive T-cells
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has been reported in about 1–5% of kidney transplant patients of which 50–80% are 
associated with EBV infection. Kidney transplant patients overall have the lowest 
risk of PTLD compared to other solid organ transplants. EBV negative recipients 
who receive an EBV positive organ have a 10–75-fold risk of PTLD than EBV sero-
positive recipients. The risk is highest in the early post-transplant period (<2 years) 
but continues for approximately 10–14 years out from transplant. Immunosuppression 
with tacrolimus and cyclosporin are believed to increase the likelihood of PTLD due 
to impaired apoptosis of infected cells. Patients may be asymptomatic or present 
with B-symptoms such as weight loss, fatigue, night sweats and fevers. It is treated 
with reduction of immunosuppression along with chemotherapy plus rituximab in 
some cases.

3  Solid Cancers

The most common presentation of solid malignancies in the kidney is as focal 
space occupying lesions that are well circumscribed and distort the kidney 
architecture. Rarely, solid cancers can also present as infiltrative lesions that 
respect the architecture of the kidney. Renal cell carcinoma, urothelial carci-
noma, and primary renal sarcomas can all present as infiltrative lesions. 
Metastases to the kidneys manifesting as infiltrative lesions are very rare. 
Radiographically on CT scan, they can be identified as poorly circumscribed 
lesions that are poorly enhancing during the venous phase compared to the nor-
mal renal parenchyma.

3.1  Renal Cell Carcinoma

Renal cell carcinomas (RCC) are a group of cancers that originate from renal tubu-
lar epithelial cells. They are adenocarcinomas that arise from the cortex and consti-
tute about 3% of all cancers and 90% of all cancers of the renal parenchyma. The 
majority of RCC present as focal lesions except for about 6%, which present as 
infiltrating lesions (Fig.  4). However, because they are relatively more common 
than the other kidney cancers, they still constitute a significant proportion of infil-
trative cancers. There are over 15 subtypes of RCC according to the newest 2016 
WHO classification of urogenital cancers of which ~75–80% are clear cell type, 
~15% are papillary, and chromophobe RCCs make about 5%. An RCC of any sub-
type can present with the high-grade transformation type, which is an RCC with 
sarcomatous features. This has an incidence of about 8% and can present with 
infiltrating lesions. On H&E, sarcomatous RCC presents as densely packed spin-
dle-shaped cells with a high nuclear to cytoplasmic (N/C) ratio and often has areas 
of fibrosis and necrosis.
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3.2  Urothelial Carcinomas

Urothelial carcinomas make up about 10% of all upper urinary tract neoplasms and 
can involve the renal pelvis or the infundibulum. About 90% are transitional cell 
carcinomas, 9% are squamous cell carcinomas and 1% are mucinous. They can be 
confused with infiltrating RCC when it extends out from the pelvis invading the 
renal parenchyma (Fig. 5).

3.3  Primary Renal Sarcoma

Primary renal sarcomas originate from mesenchymal cells and are the most rare of 
the three making up about 1% of all parenchymal neoplasms of the kidneys. There 
are several subtypes of primary renal sarcoma including leiomyosarcoma, which is 
the most common subtype, as well as rhabdomyosarcoma, angiosarcoma, heman-
giosarcoma, fibrosarcoma and osteosarcoma. Of these subtypes, rhabdomyosar-
coma and angiosarcoma can present as infiltrative lesions.

3.4  Metastases to the Kidneys

Metastases to the kidneys are found in 7–13% of autopsies of patients with cancer. 
The most common primary malignancy to metastasize to the kidney is broncho-
genic carcinoma, followed by breast cancer, and gastrointestinal malignancies. 
These tend to be indolent and are usually noted on surveillance imaging where they 
appear as multiple bilateral discrete lesions. They commonly present as expansile or 

Fig. 4 Kidney biopsy 
from a patient with renal 
papillary carcinoma. 160× 
light microscopy image of 
kidney biopsy specimen 
stained with hematoxylin 
and eosin showing 
well-circumscribed area of 
neoplasm with adjacent 
interstitial inflammation
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exophytic mass rather than infiltrative and can pose a diagnostic challenge if soli-
tary as they may be confused as a separate primary renal tumor.

3.5  Pediatric Kidney Tumors

The most common pediatric kidney tumor is Wilm’s tumor, which often presents as 
discrete expansile lesion but can also present as infiltrative lesion. Other primary 
kidney tumors of childhood include the benign mesoblastic nephroma which occurs 
in the first 3 months of life, the rarest and most aggressive rhabdoid tumor, diffuse- 
type nephroblastomatosis that may become Wilm’s tumor, and primitive neuroecto-
dermal tumor (PNET) which is seen in older children and young adults, all 
characteristically present as infiltrative lesions.
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1  Introduction

Acute tubulointerstitial nephritis (ATIN) is a histological diagnosis characterized by 
the presence of mononuclear infiltrate in the renal interstitium, which is often 
accompanied by tubulitis and interstitial eosinophils. There are numerous causes of 
ATIN including medications, infections, and autoimmune diseases (Table 1). In a 
majority of patients, ATIN is triggered by various medication classes, which are 
associated with varying clinical presentations. ATIN can also occur in association of 
various autoimmune diseases with characteristic features consistent with the under-
lying disease. Clinical care of patients with ATIN is challenging due to its unchar-
acteristic and often atypical presentation in many patients. This is particularly true 
for drug-induced ATIN where most patients do not manifest allergic symptoms, 
signs or laboratory findings. Here we will review the accuracy of conventional and 
novel clinical tests for ATIN.
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Table 1 Typical features of drug and autoimmune causes of acute tubulointerstitial nephritis

Etiology of ATIN Clinical and laboratory features Typical histopathologic features

Drug-induced Most common etiology (70% in 
developed countries)

Mixed inflammatory cell 
infiltrate with eosinophils 
+/−granuloma

Proton pump 
inhibitors and 
H2-blockers

Few typical clinical features; long 
latent period (weeks to months)

Mononuclear infiltrate: plasma 
cells, T-lymphocytes

Non-steroidal 
anti-inflammatory 
drugs

Multitude of kidney manifestations: 
Reversible pre-renal azotemia, 
ATN, hyperkalemia; ATIN is often 
associated with massive proteinuria; 
long latent period; rarely present 
with typical allergic manifestations

Interstitial eosinophilia may be 
absent. Glomerular lesions of 
minimal change disease and 
membranous sometimes present

Beta-lactams 
(Penicillin and its 
derivatives, 
cephalosporins); 
Sulfonamides

More likely to present with 
systemic allergic manifestations of 
rash, eosinophilia, and fever 
(particularly with methicillin and 
penicillin); short latent period 
(days)

Interstitial eosinophilia is 
common and sometimes 
granuloma is present

Immune checkpoint 
inhibitors (PD-1, 
CTLA4, PD-L1 
inhibitors)

Extra-renal immune-related adverse 
effects in 40–50%, poor sensitivity 
and specificity of serum and urine 
tests; long latent period 
(weeks-months)

Mononuclear infiltrate: plasma 
cells, T-lymphocytes, eosinophils 
and sometimes granuloma are 
present

Immune-mediated 
diseases

More common in younger 
individuals

Mononuclear cell infiltration 
+/−granuloma

SLE nephritis Systemic features of 
SLE. Hematuria, proteinuria, 
pyuria, white cell casts and 
AKI. Positive SLE serologies, 
evidence of complement activation

Usually seen with other kidney 
manifestations of SLE: focal or 
diffuse proliferative GN with 
“full house” IF staining. Rarely 
seen without glomerular disease

Sarcoidosis Hypercalcemia, normocalcemic 
hypercalciuria, concentrating 
defects, nephrocalcinosis/ 
nephrolithiasis, and CKD

Focal lymphocytic infiltrate and 
interstitial noncaseating 
granulomas composed of giant 
cells, histiocytes, and 
lymphocytes

Sjögren’s syndrome Characterized by dry eyes and 
mouth. Serologies often positive

Lymphoplasmocytic infiltrate

IgG4-related disease Systemic disorder with elevated 
serum IgG4 level involving salivary 
glands, pancreas, retroperitoneum 
and kidneys. Affects middle aged 
men

Lymphoplasmocytic interstitial 
infiltrate with a predominance of 
IgG4 positive plasma cells and 
interstitial fibrosis in a 
“storiform” pattern

Tubulointerstitial 
nephritis and uveitis 
syndrome (TINU)

Uveitis: painful red eyes, 
photophobia; renal failure; common 
in young women

Mixed inflammatory infiltrate 
with granuloma formation

Abbreviations: ATIN acute tubulointerstitial nephritis, ATN acute tubular necrosis, AKI acute kid-
ney injury, CKD chronic kidney disease, GN glomerulonephritis, SLE systemic lupus erythemato-
sus, PD-1 programmed death-1, CTLA-4 cytotoxic T-lymphocyte associated protein-4, PD-L1 
programmed death ligand-1, IF immunofluorescence
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2  Clinical Features

Most patients with ATIN are asymptomatic and are identified due to evidence of 
kidney dysfunction (rise in serum creatinine concentration). Therefore it is impor-
tant to maintain a high index of suspicion for ATIN as it may be overlooked. Clinical 
history can often give clues to the possibility and etiology of ATIN. In all patients 
with loss of kidney function, it is important to obtain a detailed history focused on 
recent prescription and over-the-counter medication exposures. Common drugs 
implicated in ATIN include antibiotics, proton pump inhibitors (PPIs), non-steroidal 
anti-inflammatory drugs (NSAIDs), and immune checkpoint inhibitors. Any recent 
exposure to these drugs should raise suspicion for ATIN. The time from drug initia-
tion to development of ATIN can vary from a few days for antibiotics to weeks for 
NSAIDs and immune checkpoint inhibitors to months for PPIs.

Specific symptoms and signs of ATIN can include fever and rash but only about 
5–10% of patients have the classic “triad” of fever, skin rash, and eosinophilia. The 
rash is typically described as morbilliform and involves the trunk. Skin rash is 
reported in 15–50% of cases of ATIN in various studies and is most common with 
β-lactam antibiotics. Allergic features are more common in patients with β-lactams 
or sulfa drugs-related ATIN but absent in those with PPI-related and NSAID- 
associated ATIN. Some patients can present with symptoms associated with pro-
gressive kidney dysfunction such as nausea, vomiting, malaise, or weakness due to 
accompanying anemia. Only about half of the patients have oliguria.

ATIN can also occur due to autoimmune conditions such as Sjogren’s syndrome, 
sarcoidosis, IgG4-related disease, SLE, or other forms of vasculitis. In these cases, 
patients may have systemic symptoms specific to the autoimmune disease, such as 
sicca symptoms (dry eyes and/ dry mouth) in patients with Sjogren’s syndrome; 
pulmonary manifestations such as cough in sarcoidosis; and symptoms of pancreati-
tis and obstructive uropathy in IgG4-related disease. Patients with drug rash (Fig. 1) 
with eosinophilia and systemic symptoms (DRESS) associated ATIN will typically 
have skin rash associated with other extra-renal manifestations. In tubulointerstitial 
nephritis with uveitis (TINU), uveitis presents with painful red eye with photopho-
bia and can precede the onset of ATIN by several weeks to months.

3  Serum Tests

While there are no specific serum tests that can confirm the diagnosis of ATIN, 
some tests can offer a clue.

Serum Creatinine
The initial presentation for most patients with ATIN is an incidental finding of rise 
in serum creatinine often accompanied by abnormalities on urinalysis. The decline 
in glomerular filtration rate (GFR) in patients with ATIN can be acute to sub-acute. 
Rapid decline in GFR satisfying KDIGO acute kidney injury (AKI) definition 
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criteria is seen in about half of ATIN cases, with the rest consistent with acute kid-
ney disease. Given the subacute decline in GFR with ATIN, the diagnosis can be 
delayed leading to fibrosis and development of CKD.

Blood Eosinophil Testing
Peripheral eosinophilia can be present in 20–25% of cases of ATIN. Eosinophilia 
(along with skin rash) is more common in patients with antibiotic-associated ATIN 
than in those with ATIN from PPIs and NSAIDs. When present, this can offer an 
additional clue in diagnosis of ATIN, especially that associated with antibiotics. 
However, peripheral eosinophilia is not a specific marker of ATIN. It can also be 
seen in other conditions that can also result in AKI including atheroembolic disease, 
vasculitis, malignancies, and parasite infections.

C-Reactive Protein (CRP) and Erythrocyte Sedimentation Rate (ESR)
ESR and CRP are markers of inflammation and could theoretically be used to dif-
ferentiate ATIN from other causes of AKI. However, these markers are non-specific 
and are elevated in a wide variety of conditions including infections, vasculitis, 
trauma, infarction, and malignancies. Moreover, these markers have not been sys-
tematically been evaluated in ATIN.  Small, uncontrolled studies have show that 
ESR and CRP are elevated in ATIN and correlated with higher degrees of interstitial 
inflammation and lower degree of fibrosis on histology. Thus, further research is 
needed to determine if these clinically available tests can differentiate between 
ATIN and other causes of AKI.

Fig. 1 Severe erythematous rash in a patient with DRESS. The culprit medication causing this 
skin reaction was vancomycin
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4  Urine Findings

A summary of urinary abnormalities in patients with ATIN is noted in Table 2.

Urinalysis
Urinalysis is an essential test for workup of patients with kidney dysfunction. 
Urinalysis abnormalities are often noted in patients with ATIN. While many of these 
changes are neither sensitive nor specific for diagnosis of ATIN, they provide clues 
to rule out other causes of AKI. Notably, as many as 20% of patients with ATIN can 
have a “normal” or “bland” urinalysis.

Pyuria
The presence of white blood cells (WBCs) in the urine, particularly in the absence 
of a urinary traction infection i.e., sterile pyuria, should raise suspicion for 
ATIN. However, pyuria can be seen in conditions other than ATIN such as glomeru-
lonephritis, pyelonephritis, and papillary necrosis. Moreover, pyuria may be absent 
in as many as 40% of patients with biopsy-proven ATIN.

Proteinuria
ATIN is accompanied by tubular injury, and its related urinary abnormalities may be 
seen with ATIN. For example, some degree of tubular proteinuria, often described 
as <1 g/day, is commonly present in ATIN. Almost 90% of patients with ATIN have 
at least low grade proteinuria (0.3 g or higher). . Nephrotic range proteinuria is gen-
erally not seen except with NSAID-associated ATIN, where concomitant glomeru-
lar lesions are often seen.

Hematuria
Microscopic hematuria is common in patients with ATIN and is reported in almost 
half of the cases. While the presence of RBC casts is generally considered to be 
pathognomonic of glomerular origin of disease, some studies have reported RBC 
casts even in patients with ATIN. The mechanism or reproducibility of this finding 
remains unclear, however, the erythrocyte casts may develop due to the leak of 
RBCs from the inflamed/injured interstitium into the tubular lumens.

Urinary Casts
WBC casts (Fig.  2) are thought to be more specific for diagnosis of ATIN than 
pyuria albeit with low sensitivity. Proliferative glomerulonephritis can have WBC 

Table 2 Summary of urine abnormalities in acute tubulointerstitial nephritis

Urinalysis Often abnormal, but can be normal in as many as 20% of cases of ATIN
Urine WBCs About 50–60% of patients and WBC casts can be indicative of ATIN, but low 

sensitivity
Urine 
eosinophils

Neither sensitive, nor specific for diagnosis of ATIN; generally not 
recommended

Urine protein Present in 90% of cases; usually <1 g/day
Hematuria Is often present but not specific
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casts, but they are often accompanied by dysmorphic RBCs and sometimes RBC 
casts. In a study of ATIN patients with carefully examined urine sediments, only 
14% had WBC casts. Since tubular injury often occurs with ATIN, granular casts 
and renal tubular epithelial cells and casts can also be seen in patients with ATIN.

Eosinophiluria
Given the diagnostic utility of eosinophils in the kidney tubulointerstitium noted in 
ATIN, the presence of urine eosinophils has long been considered a non-invasive 
biomarker for ATIN. The use of eosinophiluria as a marker for ATIN was based on 
several studies in the late 1980’s showing the test’s association with ATIN. However, 
the findings of these studies were disputed due to two main limitations; first, many 
patients in these studies did not undergo kidney biopsy to confirm the diagnosis, 
which could have led to misclassification of the diagnosis; and second, the studies 
overrepresented ATIN due to antibiotics, which tend to have far greater number of 
interstitial eosinophils on biopsy than other causes of ATIN. A more recent retro-
spective study by Muriithi et al., showed lower accuracy of urine eosinophils in a 
large cohort of patients with biopsy-proven ATIN and controls. Urine eosinophils 
(both at 1% and 5% cutoff thresholds) were present across all diagnoses of AKI 
(such as ATN, glomerulonephritis, diabetic nephropathy, and others). Furthermore, 
at 1% cutoff, sensitivity of urine eosinophils was 31% while specificity was 68%. At 
a higher cutoff of 5%, sensitivity was only 20%, while specificity increased to 91%. 
One major limitation of this study is that it might have missed patients who did not 

Fig. 2 White blood cell 
cast. A patient with 
piperacillin-tazobactam- 
related ATIN had sterile 
pyuria and WBC casts 
present in the urine 
sediment
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undergo a biopsy based on the results of their urine eosinophil results; for example, 
a very high level of urine eosinophils in those with suggestive clinical scenario may 
be have been managed without a biopsy and not included in this study. Despite this 
limitation, this study suggests that urine eosinophils may not be helpful in most 
clinical scenarios where the diagnosis is unclear and a biopsy is being considered.

5  Imaging Tests

Imaging studies (also see Chapter “Imaging Modalities for Acute Tubulointerstitial 
Nephritis”) such as renal ultrasound and computed tomography (CT) of abdomen 
are often obtained in patients with AKI to rule out urinary tract obstruction, but do 
not show any typical features of ATIN. However, these tests can reveal associated 
conditions such as retroperitoneal fibrosis in IgG4 related disease.

Gallium-67 is used as a radiotracer to detect inflammation as it has affinity to 
certain inflammatory proteins such as lactoferrin and may be able to detect kidney 
inflammation occurring in patients with ATIN.  After injection with gallium-67, 
images with gamma camera are obtained to identify the pooling of this tracer 
thereby identifying sites of infection or inflammation. Given inflammation is 
restricted mostly to the kidneys in ATIN, an increased uptake of the tracer restricted 
to the kidneys could indicate ATIN. However, studies have shown widely differing 
accuracies of this test for ATIN diagnosis. A recent retrospective study showed that 
Gallium scan had an AUC of 0.75 for ATIN diagnosis. However, this was a single 
center study and many patients did not have biopsy confirmation of the diagnosis. 
Thus, further prospective evaluation is needed to determine the clinical utility of 
gallium scintigraphy scan and other imaging studies in ATIN.

6  Novel Serum and Urine Biomarkers

Given the lack of a reliable non-invasive biomarker and need to obtain a kidney 
biopsy, several studies have attempted to identify a diagnostic biomarker for 
ATIN. Finding a biomarker that can detect ATIN with high sensitivity and specific-
ity is important in certain cases where biopsy could be potentially risky due to high 
bleeding risks such as in patients with severe thrombocytopenia or AKI.

Urine Tumor Necrosis Factor (TNF)-α and Interleukin (IL)-9
In a study by Moledina et al., 265 patients who underwent kidney biopsy for loss of 
kidney function were evaluated. Three pathologists identified presence or absence 
of ATIN.  Twelve urinary and ten plasma cytokines involved in CD4+ T cells 
(thought to be predominant mediators of pathogenesis in ATIN) as well as general 
inflammatory mediators were studied. Of the biomarkers studied, two urine cyto-
kines, urine interleukin (IL)-9 and tumor necrosis factor (TNF)-α were 
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independently associated with ATIN. None of the ten plasma cytokines were differ-
ent between ATIN and other causes of AKI. When various causes of acute kidney 
disease (AKD) were compared, patients with ATIN had higher urine TNF-α and 
IL-9 compared to any other cause of AKD including glomerular lesions, acute tubu-
lar injury, diabetic kidney disease, or other causes of CKD. Both these biomarkers 
also correlated with histological degree of severity such as percentage of biopsy 
tissue with lymphocytic infiltration, tubulitis and number of eosinophils in intersti-
tium per high power field. Addition of biomarker information to clinicians’ pre-
biopsy diagnosis of ATIN improved the AUC from 0.62 (0.53, 0.71) to 0.84 (0.78, 
0.91) (Fig. 3). In addition, the performance of IL-9 at two different cutoff values 
was evaluated to understand its practical use. If a patient had a pre-test probability 
of 50% of having ATIN based on clinical information and is found to be positive for 
IL-9 at high specificity cut off which corresponds to top 15% of patients in the 
study, the post- test probability increased to 0.94. On the other hand, if the same 
patient tests negative for high sensitivity cutoff which corresponds to median of the 
cohort, the post-test probability reduced to 0.17. In both cases, kidney biopsy may 
be avoided.

Other Tests
In one of the first studies of ATIN biomarkers, Wu et al. studied a cohort of 40 
patients with drug induced ATIN and 20 healthy controls. They found that urinary 
monocyte chemotactic protein (MCP)-1 and neutrophil gelatinase associated 
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Fig. 3 Urine biomarkers impact on area under receiver operating characteristics (AUC) curve. 
The addition of urine biomarkers improved the AUC from 0.62 to 0.84 when added to clinicians’ 
pre-biopsy diagnosis of ATIN
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lipocalin (NGAL) levels were higher in patients with ATIN compared to controls. 
A subsequent study evaluated kidney injury molecule (KIM)-1 and complement 
factors (C5b-9) and found similar results. However, these studies either compared 
patients within various forms of ATIN (acute vs chronic or drug induced vs non-
drug induced) or compared patients with ATIN to healthy controls. Since ATIN is 
often accompanied by acute tubular injury (ATI), it is not surprising that markers 
of ATI such as NGAL are elevated in ATIN as compared to healthy controls. 
However, in a patient with AKI, it is critical to differentiate between ATI and ATI, 
rather than ATIN from healthy controls limiting the real word applicability of these 
findings.

Sun et al. evaluated macrophages in the urine sediment to determine correlation 
with ATIN. Macrophages being important cells of inflammation are thought to play 
an active role in AKI. By determining the ratio of M1 (pro-inflammatory) macro-
phages to M2 (pro-reparative) macrophages in urine sediment, the authors found 
that a high M1/M2 ratio was significantly associated with ATIN. This ratio could 
differentiate ATIN from other causes of AKI. At a cutoff of M1/M2 ratio of more 
than 2.35, sensitivity was 98%, specificity was 100% with area under ROC of 0.99 
for diagnosis of ATIN.

Lymphocyte transformation test (LTT) is a novel test is based on direct activation 
of lymphocytes in presence of culprit drug. One study showed that lymphocytes 
from peripheral blood from a small subset of patients with ATIN reacted in presence 
of culprit drug. However, the findings of this study have not been reproduced.

In conclusion, patients with ATIN come to clinical attention with loss of kidney 
function but without other specific symptoms or signs. To establish the diagnosis, 
the clinician must keep a high index of suspicion for this disease in all patients with 
acute or sub-acute loss of kidney function and piece together information from his-
tory as well as blood and urine testing. A kidney biopsy is often required to establish 
the diagnosis and characteristic kidney biopsy findings are described elsewhere in 
this textbook. Many novel tests are currently being evaluated and may be available 
for use in the near future.
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1  Introduction

Acute tubulointerstitial nephritis (ATIN) is a relatively common cause of acute and 
chronic kidney disease (CKD) and is associated with progression to end-stage kid-
ney disease (ESKD). As such, it is an important problem for clinicians caring for 
these patients. ATIN is primarily an immune-mediated kidney injury triggered by 
use of certain medications, autoimmune diseases, or infections. Diagnosing ATIN 
clinically is often quite challenging, and delayed or missed diagnosis promotes 
ongoing inflammation with resulting interstitial fibrosis, tubular atrophy, and per-
manent kidney damage. This likely explains the observation that CKD develops in 
40–60% of patients after an episode of ATIN. In fact, ATIN is the primary cause of 
ESKD in 3–4% incident patients. Accordingly, it is one of the few potentially treat-
able causes of acute kidney injury (AKI) if identified and treated early.

Clinically diagnosing ATIN is difficult as most patients do not have any charac-
teristic signs or symptoms such as rash, fever, or flank pain. Most often, they mani-
fest nonspecific constitutional symptoms, symptoms of kidney failure, or no 
symptoms at all. Serum and urine laboratory tests also lack sensitivity and specific-
ity. Establishing the diagnosis of ATIN based primarily on current imaging modali-
ties is also challenging, however several may have potential roles in the workup of 
ATIN (Table 1). They can serve both as tools to help rule out other causes of AKI, 
and to help inform clinicians of the need for additional workup with biopsy. 
Radiographic findings can be particularly helpful in cases where kidney biopsy is 
not an option.
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Table 1 Imaging modalities employed in the diagnostic workup of ATIN and their test 
characteristics in this setting

Imaging 
study Advantages Disadvantages

ATIN features on 
imaging Clinical use in ATIN

Ultrasound Easily 
accessible
Cost effective
Bedside 
procedure
Rapid results

No findings 
specific to ATIN
Often limited by 
body habitus

Bilateral kidney 
enlargement, diffuse 
cortical 
hyper-echogenicity

Starting point in basic 
workup of AKI; rule 
out obstruction, other 
causes of AKI

CT imaging Rapid results
Widely 
available 
across 
institutions

No findings 
specific to ATIN
Risk of CIN to 
vulnerable cohort 
with AKI

Bilateral kidney 
enlargement, diffuse 
cortical 
hyper-echogenicity

No role for CT 
imaging in workup of 
ATIN

67Gallium 
scintigraphy

Best studied 
imaging 
modality for 
ATIN
Higher 
specificity at 
upper levels of 
tracer uptake

Up to 72 h delay 
from tracer 
injection to test
Intermediate 
uptake neither 
sensitive nor 
specific

Uptake of 67gallium 
in the kidneys, 
ideally to a degree 
greater than or equal 
to that of the liver or 
spine

Useful tool where 
biopsy must be 
avoided; may be 
helpful in 
distinguishing ATIN 
from ATI

PET-CT Rapid tracer 
uptake and 
rapid results
Likely more 
specific tracer 
to identify 
ATIN than 
67gallium
Higher spatial 
resolution than 
67gallium 
scintigraphy
Uptake 
corresponds to 
disease activity

Not well studied; 
no published test 
performance 
characteristics
Interpretation 
more challenging 
in non-oliguric 
patients

Uptake of FDG in 
the kidneys; uptake 
may in more discrete 
pattern than 
67gallium 
scintigraphy

May be useful tool 
where biopsy must be 
avoided; interpretation 
remains challenging 
given lack of data on 
test performance 
characteristics.
May also have a future 
role in monitoring 
response to treatment

MRI Rapid tracer 
uptake 
provides for 
rapid results
High spatial 
resolution

Poorly 
characterized
Likely negligible 
risk of NSF with 
newer contrast 
agents

Heterogeneous, 
striated enhancement 
of cortex; restricted 
water diffusion on 
DW-MRI

No current role in 
workup given paucity 
of data

Abbreviations: ATIN acute tubulointerstitial nephritis, CT computed tomography, CIN contrast- 
induced nephropathy, ATI acute tubular injury, PET positron emission tomography, FDG fluorode-
oxyglucose, MRI magnetic resonance imaging, NSF nephrogenic systemic fibrosis, DW 
diffusion-weighted
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2  Ultrasonography

The role of ultrasonography in the evaluation for ATIN is primarily as a tool to 
characterize the etiology of undifferentiated AKI early in the diagnostic workup. In 
drug-induced ATIN, kidney ultrasonography may often demonstrate bilateral kid-
ney enlargement and diffuse cortical hyper-echogenicity, thought to be due to cel-
lular infiltration and edema. However, these findings are neither sensitive nor 
specific, and may also be present to a lesser degree in ATIN caused by non- 
pharmacologic processes or other inflammatory causes of AKI (glomerulonephritis, 
acute tubular injury, lymphoma, leukemia, acute pyelonephritis, etc.). However, 
kidney ultrasonography should be employed in even the most convincing cases of 
ATIN as a non-invasive and cost-effective modality to easily rule out other more 
basic causes of AKI such as urinary obstruction.

3  Computed Tomography Imaging

Similar to ultrasonography, computed tomography (CT) findings in ATIN are non-
specific and not present in all cases, but include bilateral kidney enlargement and 
diffuse cortical hyper-echogenicity (Fig. 1). In contrast to ultrasonography, there are 
the risks associated with iodinated contrast administration employed with CT scan 
to provide an optimal study, particularly in this vulnerable cohort of patients with 
apparent kidney injury prior to administration. Even if obtained without contrast, 
CT imaging should not be routinely employed in the workup of ATIN, given its 
limited diagnostic value which can be more readily and safely obtained via 
ultrasonography.

4  67Gallium Scintigraphy

67Gallium imaging of the kidney has been employed to evaluate for ATIN since the 
1980s. However, the utility of 67gallium scintigraphy in the workup of ATIN remains 
poorly defined and controversial, with the extremes of uptake potentially providing 
helpful information, and intermediate results being of indeterminate value. The 
uptake of 67gallium tracer into the kidneys is measured 48–72 h following its injec-
tion, and the intensity of uptake is measured in comparison to surrounding tissues, 
such as the spine and liver (Fig.  2). Gallium binds lactoferrin, which is both 
expressed on leukocyte cell surfaces and released from these cells into surrounding 
tissues, and hence was considered a rational marker to evaluate for the inflammatory 
interstitial infiltrate seen in ATIN. Based on this, an investigation in rats demon-
strated that 67gallium scanning was highly accurate in differentiating experimentally 
induced ATIN from both drug-induced acute tubular injury/necrosis (ATI/ATN) and 

Imaging Modalities for Acute Tubulointerstitial Nephritis



260

normal rat kidneys. Historically, human studies evaluating the sensitivity and speci-
ficity of this modality have been flawed by inconsistent or poorly defined scoring 
methods, which resulted in incompatible conclusions. For example, an early study 
demonstrated excellent sensitivity (11/11, 100%) in patients with biopsy-proven 
ATIN. Subsequent studies, however, have noted lower sensitivities of 58% and 69% 

a

b

c

Fig. 1 Computed tomography images of kidneys in patient with acute tubulointerstitial nephritis 
associated with immune checkpoint inhibitor therapy. Three rows display images after 34 cycles of 
therapy (a), 37 cycles of therapy (b), and 1 week after completion of 38 cycles of therapy (c). With 
continued therapy, the bilateral kidneys show progressive enlargement in size. (Reference: 
Nakatani Y, Kawakami H, Ichikawa M, Yamamoto S, Otsuka Y, Mashiko A, Takashima Y, Ito A, 
Nakagawa K, Arima S. Nivolumab-induced acute granulomatous tubulointerstitial nephritis in a 
patient with gastric cancer. Invest New Drugs. 2018;36:726–31.  Springer Nature publication  – 
agreement submitted and receipt available on request)
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with a test specificity of only 50–60%. In fact, positive 67gallium scan results have 
been observed with other inflammatory conditions such as glomerulonephritis, 
pyelonephritis, renal atheroemboli, and ATI/ATN as well as normal kidney tissue 
on biopsy.

Graham and colleagues used a well-defined scoring scale (Fig. 3) to retrospec-
tively grade patients who had undergone 67gallium scintigraphy and had a biopsy- 
proven diagnosis or in whom ATIN could be excluded with high certainty. Different 
scoring cutoffs for the diagnosis of ATIN were then evaluated for their test perfor-
mance. Very low uptake, in which the kidneys show no uptake (grade 0) or uptake 
lower than the spine (grade 1), offered a high negative predictive value of 0.89, 
which would allow for the exclusion of ATIN with a reasonably high probability. 
High uptake, with kidney uptake equal to (grade 4) or greater than (grade 5) the 
uptake in the liver, conferred a high specificity (0.86 and 1, respectively). These 
results suggest that grade 4 or 5 gallium uptake can be used to reasonably establish 
the diagnosis of ATIN, but using this high uptake as the threshold for diagnosis also 
has a poor sensitivity of <0.5. Between these two extremes of uptake lies a gray area 
which provides inadequate positive or negative predictive values for clinicians to 
draw strong conclusions from. In cases of intermediate 67gallium uptake, establish-
ment of the diagnosis will rely more heavily on pre-test probability, and ultimately 
on alternate methods of diagnosis such as biopsy. Weaknesses associated with this 

Fig. 2 67Gallium uptake in a patient with acute tubulointerstitial nephritis associated with immune 
checkpoint inhibitor therapy. (Reference: Nakatani Y, Kawakami H, Ichikawa M, Yamamoto S, 
Otsuka Y, Mashiko A, Takashima Y, Ito A, Nakagawa K, Arima S. Nivolumab-induced acute granulo-
matous tubulointerstitial nephritis in a patient with gastric cancer. Invest New Drugs. 2018;36:726–31. 
Springer Nature publication – agreement submitted and receipt available on request)
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study include that it was a retrospective analysis, only 20 out of 76 patients under-
went kidney biopsy to confirm or exclude ATIN, and those who determined the 
diagnostic outcome were likely not blinded to 67gallium results.

In practice, 67gallium scintigraphy may serve as a tool to avoid kidney biopsy in 
patients with undifferentiated AKI in which there is a low pretest probability for 
ATIN, and minimal uptake on 67gallium scintigraphy would help add information to 
exclude the diagnosis. Alternatively, in patients with a contraindication to kidney 

Fig. 3 Examples of different grades of 67gallium uptake in the kidneys, in both SPECT (coronal 
view) and planar scintigraphy. Grading scheme — Grade 0: no kidney uptake; 1: kidney uptake 
lower than spine; 2: kidney uptake equal to spine; 3: kidney uptake higher than spine but lower than 
liver; 4: kidney uptake equal to liver; and 5: kidney uptake higher than liver. (Reference: Graham 
F, Lord M, Froment D, Cardinal H, Bollée G. The use of gallium-67 scintigraphy in the diagnosis 
of acute interstitial nephritis. Clin Kidney J. 2015;9:76–81. This is an Open Access article distrib-
uted under the terms of the Creative Commons Attribution Non-Commercial License (http://cre-
ativecommons.org/licenses/by- nc/4.0/), which permits non-commercial re-use, distribution, and 
reproduction in any medium, provided the original work is properly cited)

M. L. Baker and M. A. Perazella

http://creativecommons.org/licenses/by-nc/4.0/
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biopsy or with a very uncertain etiology of AKI in whom the diagnosis of ATIN is 
being considered, 67gallium scintigraphy can provide additional data to support or 
refute the diagnosis within the clinical context and may aid in distinguishing ATIN 
from ATI/ATN, which is often not associated with 67gallium uptake. In patients with 
a high pretest probability for ATIN, 67gallium scintigraphy may be deferred with a 
preference toward kidney biopsy to definitively establish diagnosis and avoid delays 
in treatment than an intermediate scan result may cause.

Outside of its possible contribution to the establishment of the diagnosis of 
ATIN, the degree of 67gallium uptake is of uncertain additional clinical significance. 
In patients with biopsy-proven ATIN, it is unknown whether those with intermedi-
ate uptake represent a cohort with a reduced degree of interstitial inflammation 
compared to those with higher uptake. As previously noted, 67gallium uptake can be 
present in many other disease processes, and as such these should be considered 
when other potential causes of AKI exist.

5  Positron Emission Tomography-CT Imaging

Positron emission tomography (PET)-CT imaging is primarily used to evaluate 
malignant disease, but several small case reports have suggested it to be a more 
specific and more rapid indicator of ATIN than 67gallium scintigraphy. In addition, 
PET-CT imaging is able to distinguish drug-induced and immune checkpoint 
inhibitor- associated ATIN from ATI/ATN, prerenal azotemia, cardiorenal syndrome, 
and glomerulonephritis.

The physiologic basis for the use of PET in ATIN relies on the premise that the 
tracer fluorodeoxyglucose (FDG) accumulates in metabolically active lymphocytes, 
neutrophils, and activated macrophages infiltrating the interstitium, similarly to its 
accumulation in tumor cells. FDG-positivity appears to correlate to disease process 
activity, as follow up scans post-treatment and at recovery from ATIN showed inter-
val resolution of tracer uptake.

Unlike 67gallium tracer, which requires a delay of up to 72 h after administration 
prior to scanning for adequate uptake into tissues, FDG uptake is rapid, and PET-CT 
can be done within hours. Additionally, PET imaging provides far higher spatial 
resolution on imaging than other conventional imaging techniques, and much 
greater resolution than 67gallium scintigraphy (Fig.  4). This characteristic has 
allowed for its utility in the detection of smaller, more discrete areas of inflamma-
tion, such as in granulomatous interstitial nephritis associated with sarcoidosis.

However, no studies to date have examined the sensitivity and specificity of PET 
in the diagnosis of ATIN. Additionally, the utility of PET-CT is at least theoretically 
limited to oliguric or anuric patients undergoing workup for ATIN, as it can be chal-
lenging to distinguish FDG excreted in the urine from that accumulating in inflam-
matory lesions in patients with normal kidney function. In patients with prior 
PET-CT scans for comparison, increased uptake even in the absence of declining 
urine output may be interpreted as suggestive of ATIN in the appropriate context. 

Imaging Modalities for Acute Tubulointerstitial Nephritis
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Given the promise of its potential as outlined in the few number of case reports to 
date, significant further investigation is needed to clarify whether PET-CT could be 
a reliable diagnostic tool to evaluate for different types of ATIN.

6  Magnetic Resonance Imaging

Gadolinium-based imaging with magnetic resonance imaging (MRI) has in recent 
history been avoided in patients with acute or chronic kidney disease due to the 
concern for nephrogenic systemic fibrosis (NSF). NSF was discovered with the use 
of older, primarily linear chelate gadolinium-based contrast agents. While NSF is 
generally an infrequent complication of gadolinium exposure in patients with kid-
ney disease, the morbidity and mortality associated with the disease prohibited its 
use in these patients.

Since the advent of the newer macrocyclic chelate gadolinium-based contrast 
agents, NSF is considered exceedingly rare and for several of these agents no cases 
have been reported. Hence, MRI is not absolutely contraindicated in these patients. 
However, its diagnostic role for ATIN is very poorly defined due to lack of data from 
years of avoided use. In fact, only case reports of specific MRI findings in patients 
with ATIN currently exist in the literature.

Fig. 4 Merged PET/CT 
scan in a patient with 
ATIN, demonstrating brisk 
uptake of 18F-FDG in the 
kidneys bilaterally. 
(Reference: Krishnan N, 
Perazella MA. The role of 
PET scanning in the 
evaluation of patients with 
kidney disease. Adv 
Chronic Kidney Dis. 
2017;24:154–61. Elsevier 
Publication – agreement 
submitted and receipt 
available on request)

M. L. Baker and M. A. Perazella
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In the handful of case reports to date, ATIN has been reported to appear as a het-
erogeneous enhancement of the renal cortex with a striated appearance on MRI. In 
one case report, diffusion-weighted MRI led to the diagnosis of IgG4- related ATIN 
after a targeted biopsy of an area of restricted water diffusion was performed within 
previously identified kidney lesions. Much further data are needed to determine 
whether MRI can serve a diagnostic role in ATIN as clinicians become more comfort-
able with using gadolinium-based contrast agents in patients with kidney disease again.

7  Conclusion

Acute tubulointerstitial nephritis remains a challenging diagnosis, which often 
requires kidney biopsy to definitively establish. While 67gallium scintigraphy 
remains the most widely employed imaging modality to evaluate for ATIN, inter-
pretation of its results is often challenging given its limited sensitivity and specific-
ity. PET-CT imaging has shown promise as a potential new non-invasive modality 
to evaluate for ATIN, but to date our experience is based largely on case series, and 
its performance characteristics remain unestablished. However, when employed 
judiciously with considerations given to a patient’s pre-test probability for ATIN, 
likelihood of alternative diagnoses, and appropriateness for kidney biopsy, these 
imaging studies can serve as valuable tools in the workup of ATIN.
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Pathology of Tubulointerstitial Nephritis

Jean Hou, Lynn D. Cornell, and Cynthia C. Nast

1  Introduction

Interstitial nephritis (IN) is characterized by inflammatory cells in the interstitium 
often with associated acute tubular cell injury of varying severity. When inflamma-
tion extends into tubular walls and/or lumens, it is termed tubulointerstitial nephritis 
(TIN). IN most often involves the kidney cortex, may occur at the corticomedullary 
junction particularly with drug-induced injury and infrequently involves the medulla 
in specific settings such as bacterial pyelonephritis and polyomavirus nephropathy. 
In contrast to some other organs where mononuclear leukocytes are considered 
chronic inflammation, in the kidney these cell types can be part of an acute/active or 
chronic interstitial or tubulointerstitial process while neutrophils are exclusively 
involved in acute/active injury. Acute and active are not synonymous; acute refers to 
a process of sudden onset or short duration occurring over days to weeks while an 
active process is one in which there may be acute or ongoing disease which may 
co-occur with chronic injury. As mononuclear leukocytes are found in both active 
and chronic IN, it is the interstitial edema that identifies an active process and inter-
stitial fibrosis, typically with tubular atrophy, that defines chronic injury (Fig. 1).

The type and intrarenal distribution of inflammation may provide clues to the 
etiology of IN. Most types of IN are characterized by interstitial infiltration with 
lymphocytes, macrophages, and plasma cells, with varying numbers of eosinophils 
or neutrophils in specific situations. Chronic parenchymal injury due to glomerular 
or vascular disease has associated tubulointerstitial scarring usually with mild 
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mononuclear inflammation representing an innate immune response. In chronic IN 
however, the tubulointerstitial scarring and amount of inflammation are in excess of 
what is expected in the above setting. It has been suggested that mast cells are 
important in progressive kidney injury. In glomerulonephritis-associated tubuloint-
erstitial inflammation, mast cells have been identified in the cortical tubulointersti-
tium and medullary interstitium. Hiromura et al. demonstrated a correlation of mast 

ba

dc

Fig. 1 Tubulointerstitial nephritis. (a, b) Acute tubulointerstitial nephritis. There are interstitial 
edema causing separation of tubules and interstitial inflammation predominantly composed of 
mononuclear cells including lymphocytes and macrophages with few eosinophils. (a, Periodic- 
acid Schiff ×200). Inflammation is in tubular walls (arrows) with acute tubular cell injury and foci 
of denuded tubular basement membranes due to epithelial cell sloughing (arrowheads). (b, 
Periodic-acid Schiff ×400). (c, d) Chronic interstitial nephritis. There is cortical inflammation in 
areas of tubular atrophy and interstitial fibrosis. Note the adjacent well preserved tubulointersti-
tium does not have inflammation. (c, Jones methenamine silver ×200; d, Periodic-acid Schiff ×400)

J. Hou et al.
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cell infiltration with serum creatinine levels for most glomerular lesions and with 
the extent of tubulointerstitial injury overall, but not with the degree of proteinuria. 
It is now recognized that mast cells play an important role in the progression of 
chronic tubulointerstitial injury by regulating immunity and modulating inflamma-
tion through release of growth factors, proteases, chemokines, cytokines, and leu-
kotrienes regardless of the initial intrarenal disease process.

TIN may be associated with nonspecific histopathologic changes secondary to, and 
possibly altering, the primary inflammatory injury. In the setting of tubular inflamma-
tion, tubular basement membranes (TBMs) may rupture with luminal contents such as 
Tamm-Horsfall protein (THP), also known as uromodulin, spilling into the adjacent 
interstitium. THP may be antigenic and elicit an eosinophilic or macrophage and granu-
lomatous response; therefore, when granulomas are present it is important to look for 
associated ruptured tubules or extra-tubular THP (Fig. 2). Tubules also may rupture into 
thin-walled veins (tubulovenous herniation), resulting in venous thrombi containing 
inflammatory cells and THP (Fig. 3). This process also allows venous blood to enter the 
tubular lumen causing microscopic, and in severe cases gross hematuria.

A caveat to the identification of IN or TIN in native kidney, biopsies is the lack 
of definitive criteria for how much interstitial or tubular inflammation is required to 
make the diagnosis. This differs from transplant kidney biopsies, where specific 
amounts of tubular and interstitial inflammation are delineated (Banff criteria) for a 
diagnosis of cell-mediated rejection, which is a form of TIN. This lack of diagnostic 
histopathologic criteria in TIN results in poor reproducibility and inter-rater agree-
ment among pathologists. Interstitial inflammation occurs in other types of kidney 
disease such as active glomerulonephritis and acute tubular injury, and it is uncer-
tain when this indicates an additional diagnosis of IN due to an independent pro-
cess. As in all areas of kidney pathology, clinical pathologic correlation is necessary 
for correct interpretation of the biopsy findings.

Fig. 2 Non-necrotizing 
interstitial granuloma 
surrounding extra-tubular 
Tamm-Horsfall protein, 
which is blue on Masson’s 
trichrome stain (arrows). 
Note the foreign body 
multinucleated giant cell 
(arrowhead). (Masson’s 
trichrome ×600)

Pathology of Tubulointerstitial Nephritis
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2  Allergic/Drug-Induced Interstitial Nephritis

The most common IN in developed countries is caused by medications, with anti-
biotics, nonsteroidal anti-inflammatory agents (NSAIDs), and proton pump inhib-
itors (PPIs) as the top offenders. Drug-induced IN often begins with inflammation 
at the corticomedullary junction including the deep cortex and superficial medulla 
(Fig. 4). With more severe active disease there is interstitial edema with lympho-
cytes more diffusely in the cortical interstitium and often migrating into the walls 
of tubules with associated acute tubular cell injury or necrosis. There are varying 
numbers of macrophages and usually no to a modest number of plasma cells. With 
progression to chronic IN, there is moderate to dense inflammation in areas of 
interstitial fibrosis, often with lymphocytes in the walls of atrophic tubules. 
Chronic interstitial nephritis may be found alone or concurrently with features of 
active disease (Fig. 5). Histologic features portending a worse prognosis in drug-
induced TIN include diffuse interstitial inflammation and the presence of 
granulomas.

In drug-induced TIN the inflammatory infiltrate usually is composed of 
T-cells, primarily CD4+ cells without or with lesser numbers of CD8+ cells, 
CD20+ B cells, and macrophages. Neutrophils are occasionally present as a 
reaction to tissue injury, but their presence raises the specter of active infection. 
Certain drugs may evoke more specific inflammatory responses. Berney-Meyer 
et  al. found that omeprazole- induced acute TIN is associated predominantly 
with CD4+ cells with frequent lymphocytic aggregates in kidney biopsies. 
Th17+ lymphocytes were present in 20/23 biopsies, of which 13 also had 
Foxp3+ tubulointerstitial lymphocytes. Th17+ Foxp3- biopsies contained inter-
stitial macrophages positive for the Th1 related transcription factor T-bet, sug-
gesting a role for a Th1-Th17 inflammatory process. Several studies have shown 
no increase in perforin, granzyme or CD56+ cells, suggesting that cytotoxic T 

Fig. 3 Tubular rupture 
into a vein (tubulovenous 
herniation). There is 
periodic-acid Schiff 
positive Tamm-Horsfall 
protein in the interstitium 
and extending into a vein 
(arrow). (Periodic-acid 
Schiff ×400)

J. Hou et al.
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Fig. 4 There is localized 
interstitial inflammation 
near the corticomedullary 
junction (arrow). (Jones 
methenamine silver ×100)

Fig. 5 Chronic active 
interstitial nephritis. There 
are tubular atrophy with 
interstitial fibrosis, 
interstitial inflammation 
and scattered lymphocytes 
in the walls of atrophic 
tubules. The interstitium 
also is edematous and 
associated with 
inflammation in areas of 
preserved 
tubulointerstitium (arrow). 
(Jones methenamine silver 
×200)

Pathology of Tubulointerstitial Nephritis
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cells have no significant role in drug-induced inflammatory kidney injury. 
Eosinophils historically have been a hallmark of drug-induced IN, initially iden-
tified related to the penicillin class of antibiotics (Fig. 6). However, in the last 
few decades, IN related to medications such as NSAIDs and PPIs often contains 
few eosinophils. Notably, the presence of urine eosinophils is not helpful in 
distinguishing acute TIN from other causes of kidney disease, including acute 
tubular necrosis, when using kidney biopsies as the gold standard for diagnosis. 
In a study of IN associated with three different drugs, Spanou et  al. demon-
strated that the extent of infiltrating eosinophils was related to the expression of 
IL-5 by CD4+ cells. TIN with prominent eosinophils also may occur in drug 
rash with eosinophilia and systemic symptoms (DRESS) syndrome and idio-
pathic hypereosinophilic syndrome, is rarely observed in Kimura’s disease and 
Ascaris lumbricoides infection and has been reported in interstitial aggregates 
in diabetic kidney disease without exposure to nephrotoxic medications.

3  Infectious Interstitial Nephritis

The kidney may be directly infected by viruses, bacteria, fungal organisms, and 
parasites (Table 1). The latter two are not frequent in developed countries, even in 
immunosuppressed patients and in areas of endemic fungal infection such as the 
California Central Valley. The type of inflammatory infiltrate and tubular cell fea-
tures may help identify the class of organism involved.

Fig. 6 Interstitial 
inflammation composed of 
many eosinophils in 
addition to lymphocytes 
and scattered macrophages 
without tubular 
inflammation. 
(Hematoxylin and eosin 
×600)

J. Hou et al.
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3.1  Viral Infections

Intrarenal productive viral infections have a prominent IN characteristic, which is 
often plasma cell rich, defined as plasma cells accounting for more than 10% of the 
infiltrating leukocytes. Lymphocytic tubular inflammation is common. Tubular cells 
may have viral cytopathic changes including nuclear enlargement and hyperchro-
masia, prominent nucleoli, smudgy “ground glass” inclusions composed of viral 
particles, and sloughing of necrotic cells into tubular lumens. As viral cytopathic 
changes are not specific, definitive virus identification requires immunohistochem-
istry (polyomavirus, CMV, adenovirus, others), in situ hybridization (EBV) and/or 
identifying viral particles by electron microscopy (EM).

Polyomavirus preferentially infects collecting duct and distal tubular epithe-
lium with more medullary than cortical involvement. The inflammation, associ-
ated progressive tubular atrophy, and interstitial fibrosis are focal and geographic 
being localized to areas of infected tubules (Fig. 7). In transplant kidney biopsies 
with polyomavirus infection, Buettner et al. showed increased plasma cells, more 
T-cells than B-cells and a predominance of Th2 cells, suggesting a possible role 
for humoral immunity. Interestingly, tubular basement membrane (TBM) deposits 
occur in approximately half the cases of polyomavirus nephropathy. They 

Fig. 7 Polyomavirus infection. (a) Kidney cortex with zonal geographic areas of tubulointerstitial 
inflammation (arrows). (Jones methenamine silver ×100). (b) Tubular cells show viral cytopathic 
change with enlarged nuclei, smudgy intranuclear (“ground glass”) inclusions (arrows) and 
sloughing of necrotic cells into tubular lumens. (Hematoxylin and eosin ×600). (c) 
Immunohistochemical stain for SV40 showing positive staining in tubular cell nuclei. (×600). (d) 
Immunofluorescence staining showing granular to confluent granular IgG in tubular basement 
membranes. (×200). (e) Electron microscopy showing many discrete electron dense deposits 
(arrows) circumferentially in the thickened basement membrane of an atrophic tubule (×1500). (f) 
Electron microscopy showing viral particles within an infected tubular epithelial cell nucleus. Viral 
particles can be randomly dispersed (right) or can spontaneously aggregate into tightly packed 
paracrystalline arrays (left, arrows) (×40,000)

ca b
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d e f

Fig. 7 (continued)

typically are composed of IgG and/or C3 seen on immunofluorescence (IF), con-
tain the SV40 antigen, appear as electron dense deposits by EM, and are associ-
ated with more severe tubulointerstitial injury and extensive infection. There are 
two species of polyomavirus, BK virus (BKV) and JC virus (JCV). The simian 
virus 40 (SV40) immunohistochemical stain is used most often to identify poly-
omavirus; however, does not differentiate BKV from JCV. This may cause confu-
sion when strongly positive SV40 staining occurs in a biopsy but BKV serologic 
titers are negative. In-situ hybridization can be used to detect polyomavirus but 
does not reliably distinguish between BKV and JCV inclusions, although the for-
mer stain more strongly. In these cases, serologic testing for JCV should be per-
formed. In productive polyomavirus infection, infected tubular cell nuclei contain 
virus visualized by EM as non- enveloped particles measuring 30–50 nm in diam-
eter and randomly dispersed or organized into paracrystalline arrays. These ultra-
structural features are characteristic of the family polyomaviridae but cannot 
differentiate BKV from JCV.

CMV infection results in tubular cell, macrophage and/or endothelial cell viral 
cytopathic change with nuclear and/or cytoplasmic inclusions (Fig. 8). Adenovirus 
also causes tubular cell cytopathic change but with more pronounced tubular cell and 
even interstitial necrosis and a reactive neutrophilic infiltrate, sometime with associ-
ated granulomatous inflammation or TBM immune complex deposits (Fig. 9). Epstein 
Barr virus infection tends to have a more mixed inflammatory infiltrate, which varies 
depending on the stage of infection. In acute disease, CD8+ cells predominate due to 
antigen-directed cell cytotoxicity with fewer CD20+ cells, macrophages, and plasma 
cells; few eosinophils and neutrophils may be present. With chronic infection, there 
are reactive CD8+ cells with pronounced proinflammatory and profibrotic signaling. 
There is no cytopathic change; therefore, EBV infection needs to be suspected clini-
cally, diagnosed with serologic findings and virus identification in using special stain-
ing. In a transplant kidney, lymphoproliferative disorder is also in the differential 
diagnosis particularly in patients with EBV infection.
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3.2  Bacterial Infections (Pyelonephritis)

Neutrophilic infiltration is most often associated with an ascending acute bacterial or 
rarely fungal infection (pyelonephritis). Neutrophils migrate from the peritubular capil-
laries through the interstitium into the tubular lumens, where the bacteria are ascending 
from the lower urinary tract (Fig. 10). Therefore, the process may begin in the medulla 
and spread to the cortex, typically with glomerular sparing. There is often marked peri-
tubular inflammation with interstitial edema. Tubular cells show injury or necrosis and 
tubular lumens focally have neutrophilic casts (microabscesses) admixed with cellular 
debris. As the process becomes more chronic, interstitial fibrosis and tubular atrophy 
develop with an infiltrate of lymphocytes, macrophages, and plasma cells; there may be 

b

a

Fig. 8 Cytomegalovirus 
infection. (a) There is a 
plasma cell rich interstitial 
inflammatory infiltrate 
with interstitial edema and 
acute tubular cell injury. 
(Hematoxylin and eosin 
×400). (b) Enlarged tubular 
cell with a single nuclear 
(“owl’s eye”) viral 
inclusion (arrow). (Jones 
methenamine silver ×800)
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Fig. 9 Adenovirus infection. (a) There are tubular cell necrosis and focal tubular inflammation 
with a dense interstitial plasma cell rich inflammatory infiltrate. (Periodic-acid Schiff ×400). (b) In 
addition to tubular cell necrosis and a mononuclear interstitial infiltrate, there is a non-necrotizing 
interstitial granuloma (arrow). (Jones methenamine silver ×400). (c) Immunohistochemical stain-
ing for adenovirus showing virus in intact and necrotic tubular cells with dense surrounding 
inflammation. (×600). (d) Electron microcopy revealing viral particles forming organized parac-
rystalline arrays in the cytoplasm of a necrotic tubular cell. (×25,000)

ba

dc

notable eosinophils. Tubular atrophy may take the form of “thyroidization”, in which 
tubules are dilated with flattened epithelium and luminal proteinaceous casts. Chronic 
active pyelonephritis is not uncommon, where neutrophils and tubular injury occur in 
concert with atrophy, fibrosis, and infiltrating mononuclear leukocytes. When bacteria 
seed the kidney from a systemic infection (hematogenous spread), inflammation starts 
in the cortex including glomerular involvement. In bacterial pyelonephritis, urine analy-
sis and culture are best used to identify the organism. Special stains aid in identifying 
acid fast organisms, spirochetes, and fungal organisms and therefore should be used 
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whenever there is concern for these types of infection. Obstruction and reflux may be 
predisposing factors for kidney infection. When these are present, it is common for 
tubules to be dilated with luminal and extra-tubular Tamm-Horsfall protein, which may 
elicit a granulomatous or inflammatory response independent of infection or drug-
induced injury.

3.2.1  Xanthogranulomatous Pyelonephritis, Malakoplakia, Megalocytic 
Interstitial Nephritis

There are unique forms of chronic IN related to intrarenal bacterial infection, usu-
ally with gram negative organisms, and a host defect in macrophage bacterial 
phagocytosis or degradation (Fig. 11). Xanthogranulomatous pyelonephritis (XGP) 
is a unilateral process typically occurring with obstructive nephrolithiasis and infec-
tion by E. coli or Proteus mirabilis. There are abundant lipid-laden macrophages 
(foam or xanthoma cells) admixed with lymphocytes, plasma cells, typical macro-
phages, variable granuloma formation, and focal multinucleated giant cells. This 
process starts in the pelvis and may extend to the entire kidney. With ongoing infec-
tion, neutrophils are present and there may be focal necrosis. Unlike XGP, malako-
plakia may involve other organs, occurs in any part of the kidney, is bilateral in 40% 
of cases, and is identified more often in immunocompromised patients. There is a 
sheet-like infiltrate of macrophages (von Hansemann histiocytes) that have granular 
eosinophilic and PAS-positive cytoplasm and larger PAS-positive rounded inclu-
sions (Michaelis-Gutmann bodies) that contain calcium and iron, likely 

a b

Fig. 10 Bacterial infectious interstitial nephritis (pyelonephritis). (a) Acute infection with numerous 
neutrophils in the interstitium, tubular walls and tubular lumens forming microabscesses (arrows). 
(Periodic-acid Schiff ×400). (b) Chronic active infection. There are a focal dense plasma cell infiltrate 
with tubular atrophy and interstitial fibrosis reflecting chronic injury, and active infection character-
ized by a tubular lumen containing neutrophils (microabscess, arrow). (Periodic-acid Schiff ×400)

J. Hou et al.
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Fig. 11 Infection-related forms of injury associated with defective macrophage bacterial killing or 
degradation. (a) Xanthogranulomatous pyelonephritis. There are foamy macrophages (xanthoma 
cells) on the right side (arrows) while multinucleated giant cells (arrowheads) are on the left side 
with an additional lymphocytic infiltrate. (Hematoxylin and eosin ×100). (b) Malakoplakia. The 
interstitium is infiltrated by lymphocytes and macrophages (also known as von Hansemann histio-
cytes), the latter containing cytoplasmic Michaelis-Gutmann bodies (arrows). (Periodic-acid 
Schiff ×600). (c) Megalocytic interstitial nephritis. There is a prominent interstitial infiltrate of 
macrophages which have abundant cytoplasm with fine PAS positive granular material (arrows) 
but no Michaelis-Gutmann bodies. (Periodic-acid Schiff ×400)
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representing remnants of partially digested bacterial fragments. In contrast, mega-
locytic interstitial nephritis is bilateral in 80% of cases and usually involves the 
cortex with glomerular sparing. There is widespread infiltration with large macro-
phages containing granular PAS-positive cytoplasm but without Michaelis-Gutmann 
bodies. Due to the bilateral kidney involvement, patients present with an elevated 
serum creatinine and enlarged kidneys on imaging, mimicking amyloidosis or lym-
phoma. Experimental models suggest that this may be a less severe form or earlier 
stage of malakoplakia. In these forms of infectious IN, there is extensive macro-
phage staining for CD68.

4  Granulomatous Interstitial Nephritis

Granulomatous IN has a large differential diagnosis, which includes infectious, 
allergic, and autoimmune etiologies. The interstitial granulomas may be well or ill- 
defined, large or small, localized or diffuse, with or without multinucleated giant 
cells and may be an active and/or chronic process with interstitial edema or fibrosis, 
respectively (Fig. 12). Granulomas may be randomly present in the cortex or local-
ized to the corticomedullary junction or in perivascular areas. There may be a pau-
city of other interstitial inflammation or an associated lymphocytic infiltrate and, 
other than with the infrequent case of intrarenal tuberculosis, the granulomas are 
rarely necrotizing. Most cases of granulomatous IN are due to a variety of medica-
tions or sarcoidosis with fewer cases related to other autoimmune diseases such as 
tubulointerstitial nephritis with uveitis and Sjogren’s syndrome. Reactive granulo-
mas can be observed secondary to irritating material (THP, crystals) or glomerular 
rupture in crescentic glomerulonephritis, in immune reconstitution syndrome with 
HIV infection, and as a reaction to intravesicular Bacillus Calmette-Guerin instilla-
tion,. In up to 10% of cases, no etiology for granulomatous IN is identified.

As treatment of medication or autoimmune mediated granulomatous IN often 
includes immunosuppression, exclusion of an infectious etiology is crucial. 
Intrarenal fungal infections may evoke granulomas, although these are rare in the 
absence of immunosuppression in developed countries. Fungal organisms may be 
identified by routine light microscopic stains used in kidney biopsy pathology, 
including Period acid Schiff (PAS) and Jones methenamine silver. A more targeted 
fungal stain is Gomori methenamine silver (GMS) (Fig. 13). Granulomatous IN can 
be caused by mycobacterium avium complex (MAC) bacteria. Tuberculosis typi-
cally causes necrotizing granuloma formation although with immunosuppression, 
including active HIV infection, the granulomas may be non-necrotizing. Ziehl- 
Neelon or Kinyoun acid fast bacteria (AFB) stains and a more sensitive IF antibody 
stain will identify MAC bacteria (Fig. 14). Culture of the kidney biopsy tissue is 
more sensitive than staining to detect these infections.
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Fig. 12 Granulomatous interstitial nephritis. (a) The interstitium contains ill-defined granulomas 
(arrows) without necrosis, giant cells or tubular inflammation, although there is acute tubular cell 
injury. (Jones methenamine silver ×200). (b) There are large extensive non-necrotizing granulo-
mas obliterating the normal cortical architecture. (Jones methenamine silver ×100). (c) Interstitial 
granulomas with prominent giant cells (arrows) and considerable associated interstitial fibrosis. 
(Masson’s trichrome ×200)
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5  Autoimmune Tubulointerstitial Nephritis

Autoimmune IN may be lymphocyte or plasma cell rich with varied histology and 
may or may not be associated with extra-glomerular immune complex deposition 
depending on the underlying disease. Plasma cells are particularly prominent in 
IgG4-related disease, Sjogren’s syndrome, and anti-LRP2 nephropathy, and less 
often in lupus-related IN (Table 2).

ba

Fig. 13 Tubulointerstitial nephritis due to fungal infection. (a) There is a mixed inflammatory 
infiltrate including neutrophils around and within a tubule which has a luminal fungal organism 
(cryptococcus, arrow) staining positively with PAS. Note there is a tubule with a fungal organism 
in the lumen (arrowhead) but no associated intratubular inflammation. (Periodic-acid Schiff ×600). 
(b) The fungal organisms are highlighted in black with a Gomori methenamine silver stain. (×800)

a b

Fig. 14 Kidney with tuberculosis infection. (a) There is a necrotizing granuloma (arrow) contain-
ing a giant cell (arrowhead). (Periodic-acid Schiff ×200). (b) Acid fast stain highlighting the bacil-
lus organisms in red (arrows). (×800)
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Table 2 Etiologies of interstitial nephritis that may be plasma cell rich

Disease Histologic features
IF and EM 
features Associated findings

IgG4 -related disease Abundant IgG4 plasma 
cells a diagnostic 
feature, expansile, 
storiform fibrosis with 
“bird’s eye” pattern, 
glomerular sparing

Frequent TBM 
immune complex 
deposits of IgG/
IgG4, C3, kappa, 
lambda +/− C1q, 
IgA or IgM

May be membranous 
nephropathy

Systemic lupus 
erythematosus

Mixed mononuclear 
inflammation often with 
T cells

Extra-glomerular 
deposits, “full 
house” IF, 
fingerprint 
deposits, TRIs

Usually associated with 
proliferative 
glomerulonephritis

Sjogren’s syndrome 70% with prominent 
plasma cells, often many 
T cells, may be 
macrophages, 
granulomas, B cell 
aggregates

Rarely associated 
with TBM 
immune complex 
deposits of IgG 
and C3

Immune complex 
glomerulonephritis occurs 
usually without interstitial 
nephritis

Anti-LRP2 
nephropathy

Mixed mononuclear 
inflammation, typically 
lymphocyte rich, 
variable TBM 
thickening

IgG and C3 
deposits in TBMs 
+/− apical brush 
border IgG 
staining

IHC to identify LRP2. 
May be membranous 
nephropathy with LRP2 
negative deposits

Viral infection 
(polyoma, 
adenovirus, CMV)

Mixed mononuclear 
inflammation, may be 
neutrophils particularly 
with necrosis, tubulitis, 
sloughed necrotic 
tubular cells, tubular cell 
inclusions

May be TBM 
immune complex 
deposits of IgG, 
IgM, C3

IHC used to identify 
specific virus

Chronic 
pyelonephritis

Mixed mononuclear 
inflammation, 
neutrophils in active 
infection, may be 
tubular thyroidization, 
may be focal or 
prominent in the 
medulla

Non-contributory May be associated with 
obstruction or reflux

Crescentic 
glomerulonephritis

Mixed mononuclear 
inflammation, plasma 
cells may be IgG4 
positive

Pauci-immune or 
linear IgG in 
GBMs may be 
present

Interstitial karyorrhexis or 
necrosis, medullary 
capillaritis are clues to 
ANCA-associated disease

(continued)
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6  Immune Complex-Mediated Tubulointerstitial Nephritis

Immune complexes may be generated in autoimmune disease and less often infec-
tions such as polyomavirus, drug exposures, and malignancy. In TIN secondary to 
immune complexes, they usually deposit in extra-glomerular locations with IF and 
EM findings providing clues to underlying disease (Table 3). The interstitial inflam-
mation can vary from minimal to extensive and may be plasma cell rich.

In systemic lupus erythematosus, TIN is typically associated with active glo-
merulonephritis but uncommonly occurs with preferential or isolated tubulointersti-
tial involvement. Lupus-related TIN was found to have a predominance of CD4+ 
cells in some studies, while others have identified more tubulointerstitial CD8+ 
cells, the latter prominently in intratubular lymphocytes. Other studies have identi-
fied more CD8+ cells with additional B cell rich lymphoid follicles and aggregates 
of T and B cells; the latter contained CD138+CD20low/− plasmablasts and is associ-
ated with TBM immune complex deposition (Fig. 15). There can be “full house” IF 
with TBM, interstitial and/or peritubular capillary wall deposits staining for IgG, 
IgA, IgM, C1q and C3. These are seen as electron dense deposits by EM, and rarely 
may have a “fingerprint” substructure, a feature thought to be diagnostically rele-
vant for lupus nephritis. The presence of tubuloreticular inclusions, identified by 
EM, is also strongly suggestive of, but not diagnostic for lupus nephritis.

Primary TIN can result from antigen-specific antibodies, located in the proximal 
tubules.

This disease, initially termed anti-brush border antibody (ABBA) disease, is now 
more specifically called anti-LRP2 nephropathy as proximal tubular cell injury is due 
to circulating antibodies against the brush border LDL Receptor-Related Protein 2, 
also known as megalin. This results in TIN which is usually lymphocyte predominant 
but can have a prominent plasma cell component and TBMs can be variably thickened. 
By IF, there is segmental to global granular TBM and Bowman’s capsule staining for 

Table 2 (continued)

Disease Histologic features
IF and EM 
features Associated findings

Castleman’s disease, 
multicentric plasma 
cell type

Associated lymphocytes, 
may have marked 
increase in IgG4 
positive plasma cells in 
ANCA-associated 
disease

IHC for human 
herpesvirus 8 
usually negative

May be HIV infection, 
membranous nephropathy, 
mesangial proliferative 
glomerulonephritis, 
amyloidosis

HIV infection Some CD8+ cells, 
macrophages

Non-contributory May be related to HIV 
itself, drugs, other 
infections, dysimmunity, 
or malignancy; 20% of 
unknown cause

Abbreviations: IF immunofluorescence, EM electron microscopy, TBM tubular basement mem-
brane, TRIs tubuloreticular inclusions, LRP2 LDL Receptor-Related Protein 2, IHC immunohisto-
chemistry, GBM glomerular basement membrane
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Fig. 15 Systemic lupus erythematosus-related interstitial nephritis. (a) There is a diffuse intersti-
tial inflammatory infiltrate. (Hematoxylin and eosin ×100). (b) The interstitial inflammation is 
plasma cell rich and associated with edema. (Hematoxylin and eosin ×400). (c) Immunofluorescence 
showing granular staining for IgG in the tubular basement membranes, interstitium and peritubular 
capillary walls. (×200). (d) All parenchymal cell nuclei are staining for IgG in the pattern of a “tis-
sue positive” ANA. (×200). (e) Electron microscopy showing numerous circumferential electron 
dense deposits (arrows) in a segmentally thickened tubular basement membrane. (×1200). (f) 
Electron dense deposits with a prominent “fingerprint” substructure in a tubular basement mem-
brane. (×20,000). (g) Electron microscopy of an endothelial cell showing a tubuloreticular inclu-
sion (arrow). (×40,000)
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Fig. 15 (continued)

IgG and C3 staining with a subset of cases also showing segmental granular staining 
for IgG along the proximal tubular apical border (Fig. 16). These deposits correspond 
to electron dense deposits by EM, localized along the basolateral aspect of the TBMs 
and the apical surface of tubular epithelial cells. The diagnosis can be confirmed by IF 
staining with an antibody against LRP2 as well as colocalization of LRP2 and IgG.
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7  Other Autoimmune Tubulointerstitial Nephritis

TIN associated with primary Sjogren’s syndrome may be associated with IgG and C3 
immune complex deposits and there has been a suggestion that anti-brush border anti-
bodies may be related to the disease. However, the inflammation more often occurs 
without such deposits. There usually is a chronic active TIN and acute tubular injury 
may occur. In 70% of biopsies from patients with Sjogren’s disease there is a prominent 
plasma cell component, which is dominant in 25% of cases. CD4+ cells predominate 
although CD68 (M1) and CD163 (M2) macrophages have been reported as prominent 
cell types, and occasionally granulomas or B cell nodules are seen.

IgG4-related disease is a presumed autoimmune or chronic allergic fibro- 
inflammatory condition that can affect any organ and form mass-like lesions. Light 
microscopy typically reveals dense interstitial inflammation, which is plasma cell rich 
and often contains prominent eosinophils. The characteristic finding is that of a whirl-
ing, storiform (bird’s eye) pattern of interstitial fibrosis similar to findings of other 
involved organs, although a small subset of IgG4-related TIN cases show an acute 
interstitial nephritis pattern without this fibrosis (Fig.  17). Immunohistochemical 

a b

Fig. 16 Anti-LRP2 nephropathy. (a) Proximal tubules showing acute epithelial cell injury with 
mild interstitial edema and inflammation. (Periodic- acid Schiff ×400). (b) Immunofluorescence 
reveals staining for IgG in tubular basement membrane deposits (arrows) and in the apical brush 
border of proximal tubules (arrowheads) (×400)

Fig. 17 IgG4-related disease. (a) There is extensive storiform fibrosis causing obliteration of the 
cortical architecture. (Jones methenamine silver ×200). (b) Extensive interstitial plasma cell infiltra-
tion. (Hematoxylin and eosin ×400). (c) Positive IgG4 immunohistochemical stain in many plasma 
cells, involving more than 10/40× high power field. (×600). (d) Immunofluorescence showing granu-
lar deposits staining for IgG in the interstitium and tubular basement membranes (×200). (e) Electron 
microscopy reveals corresponding typical electron dense deposits in a tubular basement membrane. 
The deposits range in size from small and discrete to large and confluent (arrows). (×7500)
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staining for CD138 or IgG highlights the plasma cells and the IgG4-positive plasma 
cells, which then can be quantified. For the kidney, it has been suggested that >10 
IgG4 positive plasma cells per high power field (40× lens) may have acceptable speci-
ficity for a diagnosis of IgG4-related TIN, with the exceptions noted below. In >80% 
of cases, TBMs contain immune complex deposits, which also stain for nonspecific 
IgG, kappa and lambda light chains, and C3, with variable staining for C1q and other 
immunoglobulins by IF. By EM, discrete electron dense deposits are found in TBMs 
and have been reported on interstitial collagen fibers. A lesion associated with hypo-
complementemia and tubulointerstitial immune complex deposits has been termed 
idiopathic hypocomplementemic interstitial nephritis; however, on careful review 
these likely are cases of IgG4 related disease. There are settings in which the number 
of IgG4 plasma cells meets criteria for IgG4-related disease but without the storiform 
fibrosing pattern. These include chronic pyelonephritis, diabetic kidney disease, and 
autoimmune diseases such as lupus nephritis, ANCA vasculitis, and anti-LRP2 
nephropathy. Plasma cell rich infiltrates also may occur in some forms of drug-induced 
IN and associated with HIV infection or multicentric Castleman’s disease.

8  Chronic Interstitial Nephropathies

There are some settings in which chronic IN occurs without preceding acute 
injury and can be considered chronic tubulointerstitial nephropathies (Fig. 18). 
In these instances, the tubulointerstitial scarring is disproportionate to the 
degree of glomerular or vascular sclerosis and often has a paucity of interstitial 
inflammation. This pattern of injury occurs with nephrotoxicity due to a small 
number of medications including calcineurin inhibitors and lithium, the former 
inducing a pattern of striped fibrosis and arteriolar hyalinization with periph-
eral adventitial hyaline nodules. Exposure to aristolochic acid either in food 
(Balkan nephropathy) or herbal remedies (aristolochic acid nephropathy) 
results in tubular atrophy and interstitial fibrosis occurring over a few years to 
decades typically with minimal interstitial inflammation. Patients with asymp-
tomatic leptospirosis may present with chronic kidney disease and a chronic 
TIN with minimal to moderate interstitial inflammation. In this setting, a high 
index of suspicion and clinical correlation are required to recognize the possi-
ble infectious etiology of the kidney disease. Chronic interstitial nephritis in 
agricultural communities, a progressive chronic kidney disease occurring in 
poor agricultural regions also termed Mesoamerican nephropathy and CKDu, is 
characterized by tubulointerstitial fibrosis as the primary process with a vari-
able interstitial and infrequent intratubular inflammatory infiltrate. Proximal 
tubular cell dysmorphic lysosomes have been described in cases of Mesoamerican 
nephropathy/CKDu, as well as in calcineurin inhibitor toxicity. Methenamine 
silver staining will often demonstrate proximal tubular silver positive granular 
cytoplasmic inclusions most prominently in cells of atrophic tubules. EM 
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Fig. 18 (a) Lithium nephrotoxicity. There is focal cortical tubular atrophy with interstitial fibrosis 
associated with a very mild patchy lymphocytic interstitial infiltrate. Note the two cystically dilated 
tubules (arrows), which are characteristic of lithium nephrotoxicity. (Periodic-acid Schiff ×100). 
(b, c) Chronic interstitial nephritis in agricultural communities (Mesoamerican nephropathy/
CKDu). The cortex shows focal areas of tubular atrophy and interstitial fibrosis with minor inflam-
mation. There is one enlarged glomerulus (arrow) and other glomeruli show varying ischemic 
injury. (c, Jones methenamine silver ×40). Electron microscopy demonstrates proximal tubular cell 
large dysmorphic lysosomes containing dispersed electron dense aggregates. (c, ×8000)

reveals these granules to be dysmorphic lysosomes, which can be considerably 
enlarged with irregular contours and contain smaller dispersed electron 
densities.
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9  Hereditary, Metabolic and Other Types 
of Tubulointerstitial Nephritis

There is a number of genetic disorders that result in chronic tubulointerstitial injury 
with variable inflammation appearing as TIN. Autosomal dominant tubulointersti-
tial kidney disease (ADTKD) is a collection of diseases caused by different speci-
fied or sometimes unknown mutations and is characterized by non-specific tubular 
atrophy with interstitial fibrosis and often with minimal inflammation. There are 
several involved genes, which engage different pathways leading to a similar histo-
logic picture with few clues in specific settings. Mutations in REN are associated 
with enlarged juxtaglomerular apparatus. UMOD mutations may result in accumu-
lation of Tamm-Horsfall protein in the thick ascending limb and distal tubular cell, 
appearing by EM as intracellular medium electron dense granular material in an 
expanded hyperplastic endoplasmic reticulum; this is the one form of ADTKD that 
can be diagnosed on kidney biopsy by its histologic appearance. The diagnosis of 
ADTKD depends on eliciting a family history of kidney disease.

Nephronophthisis, a ciliopathy with mutations in one of the NPHP gene family, 
has progressive tubulointerstitial scarring with or without tubular cysts and may 
have interstitial inflammation later in the course of disease. Karyomegalic IN is 
most often genetic due to mutations in FAN1 resulting in dysregulation of DNA 
interstrand cross-link repair. This causes focally injured tubular epithelium with 
enlarged dysmorphic nuclei, attenuated cytoplasm, and sloughing into tubular 
lumens often associated with tubulointerstitial scarring and variable interstitial 
inflammation (Fig. 19). This also can be acquired due to drugs including ifosfamide 
and nivolumab; the IN is more prominent in the drug-induced form. Interestingly, a 
recent report linked a UMOD mutation to karyomegalic IN.  Patients with 

Fig. 19 Karyomegalic 
interstitial nephritis. There 
are focal tubular cells with 
enlarged abnormally 
shaped nuclei and variably 
attenuated cytoplasm 
(arrows). Compare these to 
normal tubular cell nuclei 
(arrowhead). The 
interstitium has a mild to 
moderate lymphocyte 
predominant infiltrate 
without tubular 
inflammation. 
(Hematoxylin and eosin 
×600)
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nephropathic cystinosis will develop chronic IN with interstitial macrophages con-
taining cysteine crystals, which are best visualized in plastic sections and by EM as 
acicular or rhomboid empty cytoplasmic structures (Fig. 20).

IN occurs in some patients with metabolic disorders that may be genetic or 
acquired. Oxalate nephropathy may be primary or secondary and is characterized by 
oxalate deposition in tubular lumens and often in the interstitium with acute tubular 
injury, variable interstitial inflammation and development of tubulointerstitial scar-
ring (Fig.  21). Uric acid nephropathy occurs when uric acid deposits in tubular 
lumens as clear crystals in a “sheaves of wheat” pattern or as amorphous material, 
preferentially in the medulla (Fig. 22). Tubules may rupture resulting in interstitial 
uric acid and a reactive macrophage or granulomatous response requiring differen-
tiation from other forms of granulomatous IN.

Disorders inducing tubular cell injury may have an accompanying interstitial 
inflammatory component which may mimic IN. In patients with monoclonal immu-
noglobulin deposition disease, acute TIN reflects injury from the deposition of the 
monoclonal protein in the extracellular kidney compartments. This is a diffuse pro-
cess throughout the parenchyma, is composed of mononuclear leukocytes often 
with some reactive neutrophils, and may be acute or chronic active with associated 
acute tubular injury. IF demonstrates linear staining of kidney structures for the 
monoclonal protein. Tubulotoxic casts may also evoke a tubulointerstitial inflam-
matory reaction appearing as IN or TIN. These include Bence Jones cast nephropa-
thy (myeloma kidney), myoglobin casts in rhabdomyolysis, and drug-related casts 
or crystals.

Fig. 20 Cystinosis. The 
cortical interstitium has an 
infiltrate of lymphocytes 
and macrophages, the latter 
containing cytoplasmic 
geometric rectangular to 
rhomboid crystals. Rare 
tubular cells also have 
fewer numbers of crystals 
in the cytoplasm. 
(Methylene blue ×600)
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10  Mimics of Tubulointerstitial Nephritis

Interstitial and tubulointerstitial inflammatory infiltrates may occur in some disease 
process that are not reflective of TIN. Patients with CLL, other lymphomas or leu-
kemia may have kidney infiltration of malignant hematologic cells either in aggre-
gates or diffusely. The cells are either monomorphic or have an atypical appearance 
indicative of malignant transformation and an appropriate hematopathology 

a

c d

b

Fig. 21 Oxalate nephropathy. (a) The cortex has extensive acute tubular injury with epithelial cell 
flattening and severe luminal dilatation; oxalate crystals are not apparent with this magnification 
and stain. (Masson’s trichrome ×200.) (b) Areas of tubular injury are associated with intratubular 
crystalline deposits which are angulated and can assume a “fan-like” appearance (arrow), with 
focal tubular basement membrane rupture (arrowhead). (Hematoxylin and eosin ×400). (c) There 
is an interstitial moderate mixed interstitial inflammatory infiltrate with numerous crystalline 
deposits located within the lumens of severely injured tubules. (Hematoxylin and eosin ×200). (d) 
The crystalline deposits show birefringence when viewed with polarized light. (Hematoxylin and 
eosin ×200)
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evaluation is required for a diagnosis. Extramedullary hematopoiesis infrequently 
occurs in the kidney interstitium in patients with hematologic malignancies and 
often is associated with a glomerulopathy.
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1  Introduction

Acute interstitial nephritis (AIN) is one of the common causes of acute kidney 
injury (AKI). AIN has been linked to a variety of etiologies such as drugs (>75%), 
infections (5–10%) and systemic diseases (10–15%) while others are idiopathic 
cases (5–10%). Management hinges importantly on identifying the cause of AIN 
and directing therapy at the cause. Since drug-induced AIN (DI-AIN) is the most 
common etiology of AIN, this chapter will focus on its management but will also 
cover some other causes.

2  Identifying and Removing the Culprit Drug

It is currently recognized that drugs are the most common cause of AIN and there is 
a general agreement in that the withdrawal of the presumed causative drug is the 
core fundament of the treatment of DI-AIN. Although this may seem straightfor-
ward, in daily practice, we know that AIN is under recognized and under diagnosed 
because it is sometimes not even suspected by the clinicians. In fact, one study 
found that only 25% of PPI-mediated DI-AIN cases were suspected before biopsy. 
However, this entity must be taken into account since it represents 15–20% of cases 
of AKI .

Even when DI-AIN may be suspected, identification of the putative drug is actu-
ally very challenging for several reasons, among others due to large amount of pos-
sible candidate drugs implicated in DI-AIN (Table 1), the time from starting the 
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drug to acute kidney injury is quite ranged, and the lack of precise screening meth-
ods to discriminate the offending drug. As an example, in the study by Fernández- 
Juárez et al., it was not possible to identify the offending drug in 30% of the patients. 
Reasons for this were the polypharmacy these patients received and the lack of a 
clear chronological association between treatment and the onset of DI-AIN.

On the other hand, it is remarkable the significant growth of self-medication with 
over-the-counter medicines such as NSAIDs for chronic pain or PPIs for gastric 
disorders. In most of the countries, these drugs do not require a prescription for their 
distribution and therefore patients perceive these drugs as secure with low 

Table 1 Main causes of DI-AIN

Drug class Examples Time Syntoms Characteristics

NSAIDs Non-selective 
COX inhibitors: 
Fenoprofen, 
ibuprofen, 
naproxen
COX-2 inhibitors: 
Celecoxib and 
rofecoxib

Longer latency 
periods 
(6–18 months)

Fewer extra renal 
syntoms
More frequent: 
Edema and 
cognitive heart 
failure, 
hiponatremia and 
hyperkalemia.
Nephrotic 
syndrome

Less intense 
interstitial 
inflammation 
and tubilitis and 
esosinophils are 
not predominant

Antibiotics Beta-lactams: 
Penicilins, 
cephalosporines, 
methicillin
Non-beta-lactams: 
Rifampicin, 
ciprofloxacin, 
sulfonamide

Days after drug 
intake

Hypersensitivity 
manifestations 
(skin rash, fever, 
and eosinophilia)
Less frequent with 
fluoroquinolone 
antibiotic

Rifampicin: 
Most often when 
drug is used 
intermittently. 
Dose-dependent

Antiviral Abacavir
Indinavir
Aciclovir
Atazanavir

Eosinophiluria
Crystalluria

PPIs Omeprazole, 
lansoprazole, 
pantoprazole, 
esomeprazol

1 week to 
9 months. 
Commonest 
10–11 weeks

Fever, skin rash 
and eosinophilia 
<10%

Less severe AKI 
but lower 
probability of 
recovery by 
6 months

5-Aminosalicylates Sulfasalazine, 
mesalamine, 
olsalazine

During the 
initial year of 
therapy

Rare rash

Antineoplastic 
agents

Immune 
checkpoint 
inhibitors 
(ipilimumab, 
nivolumab, 
pembrolizumab)
Lenalidomide

1 to 24 months Extrarenal 
manifestations 
such as 
hypophysitis or 
colitis may 
precede AKI
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side- effect profile and patients take them during months or even years increasing the 
risk for side adverse effects. In many situations, only an in-depth focused interview 
can uncover the uptake of this kind of drugs.

This is of special importance in the elderly. Indeed, elderly patients are at a par-
ticularly high risk for DI-AIN for their inherent fragility and because they are usu-
ally treated with polypharmacy. On the other hand, it has been postulated that 
elderly kidneys may have a greater vulnerability to drugs and their effects and 
besides many of these elderly patients already have an impaired kidney function.

Despite the efforts to identify the responsible drug, sometimes the culprit drug 
cannot be withdrawn or substituted due to its inherent benefits. This situation occurs 
frequently in AIN induced by chemotherapeutic drugs, specifically by immune 
checkpoint inhibitors (ICI). This group of drugs has shown promising results in the 
treatment of tumors with limited responses to conventional chemotherapeutic treat-
ment such as melanoma, non-small-cell lung carcinoma, renal cell carcinoma and 
Hodgkin lymphoma.

ICIs are rapidly changing the standard of care for people with cancer, especially 
for those patients who have not responded to other lines of treatment or who have 
achieved a partial response. However, there are still many challenges to overcome 
in terms of managing their toxicities because ICIs have been related to a higher 
incidence of AKI. Initial studies noted a small incidence of AKI (2–3%), but recent 
data reported a higher incidence closer to 13–29% with the use of these agents in 
routine practice. It occurs more frequently in patients who received combination 
therapy with ipilimumab and nivolumab. The big question that exists is the safety of 
ICI rechallenge after an episode of AKI since additional kidney events can result in 
further loss of kidney function and may influence the overall prognosis.

The incidence of occurrence of a flare after ICI re-exposure has been widely 
described. Different series have reported an incidence of recurrent AKI of around 
20% upon ICI re-challenge . Interestingly most of the patients were on low dose 
corticosteroids at re-challenge. The rationale to select lower doses of corticosteroids 
is that higher doses may diminish the response to ICI, but there is evidence that 
prednisone below 10 mg per day does not affect progression-free survival or overall 
survival. In contrast, the kidney prognosis after the re-challenge is not clear because 
the results are mixed in the literature. All in all re-challenge might be possible but it 
requires close attention and kidney function monitoring.

3  Treatment with Corticosteroids

Treatment of AIN remains a challenge for clinicians since there is no clinical trial 
that has shown evidence on specific therapies for this disease. The clinical evidence 
for these recommendations is scarce since most of the studies are retrospective and 
usually include a small sample size (Table  2). Even though there are significant 
numbers of studies supporting the role of steroids in the treatment of AIN and espe-
cially when they are promptly started. The rationale for this approach is that early 
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corticosteroids would reduce the inflammatory infiltrates of the kidney interstitium, 
thus preventing the risk of subsequent fibrosis.

In regard to DI-AIN, the mainstay of treatment is, as above, to withdraw the offend-
ing agent, but it has been suggested that a course of corticosteroids should be included 
to hasten the recovery of kidney function, especially for those with no evidence of 
kidney function recovery after a 7–10 day period since suspension of the involved drug.

Clarkson and colleagues published a retrospective study on 60 patients diag-
nosed with AIN (92% DI-AIN), although clinical follow-up data were only avail-
able in 42 patients. They found no difference in kidney function at 6 and 12 months 
of follow-up between patients treated with corticosteroids (60%) and those who 
merely received supportive treatment (40%). Madrid Interstitial Nephritis Group 
studied 61 patients with kidney biopsy proven DI-AIN. Most patients received cor-
ticosteroids (85%). After a mean follow-up of 19 months, kidney function showed a 
greater improvement in those treated (serum creatinine 2.1  mg/dl) compared to 
those not treated (serum creatinine 3.7 mg/dl) p < 0.05), and the number of patients 
who required kidney replacement therapy was significantly lower (3.8% vs 44.4%, 
p < 0.001). Interestingly, in this study there was a significant correlation between 
the delay in the onset of corticosteroid treatment after drug withdrawal and the final 
kidney function (r  =  0.45, p  <  0.005). Specifically, the benefit was greatest for 
patients, who received early treatment with steroids, in particular during the first 
week after stopping the causative drug.

There are important differences in both studies. In the first study in which corti-
costeroids did not show a benefit on kidney function, baseline kidney function was 
worse in those patients treated with corticosteroids when compared to the non- 
treated patients (Baseline serum creatinine 7.9 mg/dL vs. 6.2 mg/dL). Additionally, 
corticosteroid treatment was started later and the mean time elapsed between the 
onset of symptoms, and the kidney biopsy was 4 weeks (IQR: 2–6 weeks).

Later studies showed similar findings. In the study conducted by Muriithi et al., 
86% of the patients received steroids and the rest received conservative treatment. 
After 6 months, serum creatinine in both groups was similar (1.4 mg/dl vs 1.5 mg/
dl). An interesting observation in this study is the fact that patients achieving partial 
or complete remission started corticosteroid treatment earlier (at 8 and 11  days, 
respectively) whereas patients not attaining remission commenced treatment con-
siderably later (at 35 days) (P = 0.05).

In view of the published results, the following studies focused on directly 
addressing the question of when it is optimal to introduce corticosteroid therapy. 
This has been reflected in a study including 182 patients with biopsy-proven cases 
of DI-AIN treated with corticosteroids. Those patients starting treatment with corti-
costeroids during the first 2 weeks showed better kidney outcomes. In contrast, 
treatment started beyond 4 weeks exhibited little benefit on the final kidney func-
tion. More in detail, the mean time to start corticosteroid treatment was 9 days in the 
group that had complete recovery, 12 days in the group that had partial recovery and 
29 days in the group that had no recovery (P = 0.008) .
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4  Corticosteroid Use Versus Conservative Management

4.1  DI-AIN

The possible pharmacologic agents involved are numerous. The first cases of 
DI-AIN were related to antibiotics. Initial reports related this condition to sul-
fonamides, followed by the penicillins in the 1950s and later to methicillin. 
These reports presented DI-AIN as a benign condition in which withdrawal of 
the drug usually results in recovery and in a rapid improvement of kidney 
function.

However, this progression has not been observed in subsequent series involv-
ing other drugs. In a cohort of 182 patients, 41% of the patients managed to 
recover at least 75% of their baseline GFR, 46% recovered between 25% and 
75% of their baseline GFR, and 13% recovered less than 25% of your basal GFR.

Many single factors have been postulated to explain the incomplete or poor kid-
ney recovery. The first factor is the misrecognition of the responsible drug, which 
renders it impossible for its withdrawal. The second component is the ongoing kid-
ney inflammatory reaction due to AIN, which might not be solved despite the with-
drawal of the drug. The third and final consideration is that the recognition of the 
entity and the withdrawal of the drug, has occurred too late, and therefore the acute 
inflammatory infiltrate has led to irreversible chronic infiltration and tubulointersti-
tial fibrosis. In fact, the presence of fibrosis of more than 50% on kidney biopsy was 
a negative predictive factor for kidney outcomes .

Therefore, the dilemma is not to decide whether to choose between conservative 
treatment and corticosteroids, but rather to decide in which situations conservative 
management will be sufficient and in which situations it will be necessary to add 
corticosteroids to the treatment. According to the available evidence, early initiation 
of corticosteroids improves kidney prognosis. Hence, the delay between the with-
drawal of the drug and the start of corticosteroids should not be postponed beyond 
7 or 10 days. Another important aspect to be considered is the time elapsed between 
the onset of kidney damage, the diagnosis of kidney damage, the histological con-
firmation of the damage, and the withdrawal of the drug. When these periods are 
long, probably the time of drug withdrawal and the start of corticosteroids should 
coincide, to avoid delay in the start of corticosteroid treatment.

Finally, kidney biopsy is the one and essential tool to establish the accurate diag-
nosis of AIN.  It can additionally provide prognostic information on the time of 
evolution of the damage, although its performance and subsequent review should 
not be a justification for extending decision-making deadlines. The presence of sig-
nificant interstitial fibrosis/tubular atrophy (>50%) also helps predict patients that 
will not likely benefit from corticosteroid therapy and suffer complications without 
much benefit.
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5  Intravenous Versus Oral Route of Corticosteroids

Many physicians frequently use pulse intravenous methylprednisolone prior to start-
ing high dose oral corticosteroids in some kidney diseases where there is predominant 
inflammatory infiltration in glomeruli or tubule-interstitium, such as vasculitis or sys-
temic lupus erythematosus. One of the fundamental reasons for the use of pulse meth-
ylprednisolone may be related to its rapid and strong anti- inflammatory effect.

Although there are no clinical trials that have demonstrated an additional effect 
to oral corticosteroid treatment in these pathologies, its use is widely accepted and 
is even recommended in clinical guidelines . The same situation applies to AIN. In 
this scenario, IV corticosteroids may accelerate recovery and potentiate the effect in 
the kidney interstitium.

To compare the efficacy of IV and oral corticosteroids in the treatment of DI-AIN, 
Ramachandran and coworkers performed a randomized study. A total of 29 patients 
with biopsy-proven AIN with a history of drug intake were randomized; 16 patients 
received oral prednisolone 1  mg/kg for 3  weeks and 13 patients received pulse 
methylprednisolone 30 mg/kg for 3 days followed by oral prednisolone 1 mg/kg for 
2  weeks and then tapering over 3  weeks. There were no significant differences 
between the two-regimens used at the end of the study.

A subsequent randomized clinical trial conducted by Chowdry and colleagues 
showed similar results. In this study, oral and IV corticosteroids were compared. 
Accordingly, 31 patients with DI-AIN were treated with oral prednisolone 1 mg/kg 
for 2 weeks and then corticosteroids were tapered over 2 weeks. Fifteen patients 
additionally received pulse methylprednisolone (30 mg/kg) for 3 days (maximum 
1 g) prior to oral prednisone. There were no significant differences between the two 
groups. Both oral and IV doses of corticosteroids were equally effective in the treat-
ment of drug-induced AIN.

6  Length of Corticosteroid Therapy

The different available studies have shown large disparities in the duration of the 
treatment with corticosteroids ranging from a month to 6  months. However, the 
length of the therapy is not a trivial matter because the use of corticosteroids might 
produce a wide range of adverse effects. Therefore, a strict balance of the risks, 
including toxicity, and benefits of the treatment must be considered. A strict control 
of the dose and the duration of the treatment must be conducted to avoid administer-
ing more doses than necessary or for longer than necessary.

Despite its importance, the duration of the treatment with corticosteroids has not 
been discussed in depth. The study conducted by Fernandez and coworkers dis-
cussed the length of the duration of the treatment, concluding that the greatest kid-
ney function recovery was obtained when the entire treatment lasted 8 weeks at 
maximum, out of which, 3 weeks would correspond to high-dose corticosteroids 
therapy followed by a tapering period of up to 5–6 weeks.
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Similar results have been observed in other studies. As for González and col-
leagues, the results did not show a statistically significant difference in the duration 
of corticosteroid treatment between those with a complete or an incomplete recov-
ery of baseline kidney function (75 ± 37 and 78 ± 42 days respectively) .

On the other hand, the evolution of kidney function within the first weeks after 
the start of corticosteroid treatment is fundamental to determine the final recovery 
of the glomerular filtration rate. In fact, the biggest impact in kidney function recov-
ery is obtained during the first 4 weeks of treatment. Beyond this time point, the 
extent of kidney recovery is moderated, and in some cases, it is not even achieved.

7  Length of Corticosteroid Taper

Overall, treatment strategies recommend induction with high doses of corticoste-
roids subsequently followed by oral prednisone to be gradually tapered. Tapering 
duration has been scarcely studied. In fact, most studies describe their local experi-
ence and do not compare different strategies.

The optimal schedule for corticosteroid withdrawal has not been determined and 
therefore the length of taper is a matter of discussion. Clarkson and colleagues 
tapered the treatment with corticosteroids over 3–6 weeks in their study, whereas 
González and coworkers reduced the dose of corticosteroids more slowly 
(8–12 weeks). It is however remarkable that the González study employed a higher 
dose of corticosteroids and the length of corticosteroids tapering was similar among 
those who achieved complete or partial recovery .

As with other pathologies, during the corticosteroids -tapering period there is 
still a therapeutic effect and a subsequent improvement in kidney function. 
According to this, we could consider prolonging the treatment until the glomerular 
filtration rate reaches the baseline. However, several studies have confirmed that 
prolonging the global treatment for more than 8 weeks or the tapering period for 
more than 5 weeks does not provide an additional recovery in kidney function.

On the other hand, in other immunological diseases, steroids still must be tapered 
slowly to avoid relapses. With respect to DI-AIN, it seems less likely for this pathol-
ogy the occurrence of a flare or relapse; in such a case, we should suspect other 
etiologies and rule out the possibility of an underlying autoimmune disease or a 
Dress syndrome.

8  Alternative Therapies for AIN

Clinicians must consider alternatives to corticosteroids for therapy of AIN when the 
drug is contraindicated or associated with complications, complicated by relapse 
during/after taper, or failed corticosteroid therapy.
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In those refractory or relapsed AIN cases, the initial approach is to reconsider 
the initial diagnosis, avoiding successive immunological treatments. In case of 
refractory disease with a poor recovery of kidney function, despite drug with-
drawal or therapy with corticosteroids, we should consider several aspects. Firstly, 
it is pertinent to ensure that the appropriate drug has been withdrawn. Secondly, it 
is highly recommended to identify if there is another putative cause, rather than the 
suspected drug, for example an underlying disease. Finally, when chronic kidney 
damage has already been established, and the acute infiltrate has already given way 
to chronic infiltrate and tubulointerstitial fibrosis, the damage is no longer revers-
ible and therefore kidney recovery could not be possible. Thus, corticosteroids 
should be avoided in those with advanced fibrosis. Despite considering all of the 
above, there are still patients with immunosupresive treatment and for whom cor-
ticosteroids are not an adequate treatment, and they require another type of 
treatment.

Unfortunately, the treatment landscape for these patients is not standardized. In 
fact, there is not enough evidence in the literature for employing other immunosup-
pressive agents. Clinical cases treated with other immunosuppressive agents such as 
cyclophosphamide, cyclosporine, or mycophenolate are seldomly mentioned in the 
literature. In this setting, a recent report of eight patients with corticosteroid- 
dependency, recurrent AIN documented an interesting beneficial effect of mycophe-
nolate mofetil.

As mentioned above, a challenging situation occurs when the drug cannot be 
withdrawn, as occurs with ICI induced AIN.

With this approach, serum creatinine should be monitored every 2 weeks, with 
corticosteroid re-initiation at the first sign of AKI from AIN with no other identi-
fied cause.

Faieta and colleagues reported one case of refractory ICI-induced AIN treated 
successfully treated with mycophenolate mofetil. The patient was diagnosed with 
DI-AIN related to nivolumab, a PD-1 inhibitor, in the context of the treatment of a 
metastatic clear cell renal cell carcinoma. The patient was initially treated with cor-
ticosteroids for this condition but suffered three relapses. Finally, doctors decided to 
initiate therapy with pulse 500 mg IV methylprednisolone and daily one gram of 
mycophenolate mofetil. The patient recovered kidney function and has been stable 
for 2 years.

9  Conclusions

In some selected cases we might consider initial high doses of steroids followed by 
MMF in those cases where steroids are contraindicated (Fig. 1).
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Prognosis and Outcomes of Acute 
Tubulointerstitial Nephritis
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1  Introduction

The outcome of acute tubulointerstitial nephritis (ATIN) depends upon many fac-
tors, and therefore differs significantly between studies. First, the etiology and out-
come of ATIN depends upon the time-frame and inclusion period of the study. For 
example, older studies included more methicillin-induced ATIN (methicillin is cur-
rently no longer used in clinical practice), while more recent studies have identified 
new medication-related culprits such as proton pump inhibitors (PPIs) and immune 
checkpoint inhibitors (ICPIs). Second, etiologies differ between geographical 
regions, and therefore also the outcomes of patients in these regional registries or 
case series differ. As an example, infection-related ATIN (e.g., Hantavirus infection, 
Leptospirosis, Yersinia infection) have a specific geographic distribution. Third, the 
age of the included patients, their comorbidities and pre-existing chronic kidney 
disease (CKD) all play a major role in disease outcome. For example, the elderly 
population more frequently has pre-existing CKD, has many comorbidities, is more 
frequently taking many medications and generally has a worse prognosis. Fourth, 
although kidney biopsy remains the gold standard for diagnosis of ATIN, many – 
mostly pediatric – registries included patients that had not undergone biopsy and 
were clinically diagnosed as having ATIN, which introduces risk of bias and com-
plicates comparison of studies. Finally, definitions of renal recovery and CKD, as 
well as follow-up periods differ significantly between studies, which also hampers 
a systematic comparison. Ideally, studies should identify large patient cohorts with 
etiology-specific ATIN. However, ATIN remains a relatively rare entity compared to 
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other kidney diseases, and large etiology-specific cohorts with long follow-up peri-
ods are extremely difficult to construct in a reasonable time-frame. Therefore, this 
chapter will first discuss the outcomes of ATIN in general, derived from larger 
cohorts that included many disease etiologies. Next, we will focus on the outcomes 
of specific etiologies of ATIN, of which data is mostly derived from smaller 
case series.

2  Overall Renal Outcomes

Renal outcomes can be subdivided into acute outcomes (kidney function and need 
for acute renal replacement therapy [RRT]) and chronic long-term outcomes (renal 
recovery vs. CKD and end-stage kidney disease [ESKD]). Considering acute out-
comes, patients with ATIN frequently present with acute kidney disease (AKD), 
which in some patients may progress to severe acute kidney injury (AKI) and oli-
guria requiring transient acute dialysis (Table 1). According to 12 studies, RRT in 
the acute disease setting was required in 3.3–58% of patients (median of 20.5%). 
Fortunately, kidney function recovers fully or partially in most patients, which is 
illustrated by the study of Clarkson et al., in which 35 of 60 adult patients (58%) 
with biopsy-proven ATIN required acute dialysis, but only two patients remained 
dialysis-dependent at 12 months follow-up. Despite this often impressive nadir of 
kidney function in the acute setting, the long-term prognosis of ATIN was histori-
cally considered to be favorable. However, many recent studies have now shown a 
less reassuring long-term prognosis (Table  1). At 6  months follow-up after the 
acute episode, full renal recovery (mostly defined as return of serum creatinine 
[sCr] to within 25% of baseline value and/or glomerular filtration rate [GFR] 
>60 mL/min and/or sCr <1.30 mg/dL) was found in only approximately 30–55% of 
patients with biopsy-proven ATIN.  Partial recovery, mostly defined as >50% 
decrease of peak sCr value but not within 25% of baseline value, or sCr exceeding 
baseline value with 25–75% was found in approximately 25–45% of patients. No 
recovery, defined as not meeting previous criteria or RRT, was found in approxi-
mately 15–40% of patients. In studies that performed longer follow-up (outcome 
beyond 6 months, mostly 1–3 years), complete renal recovery was noted in approx-
imately 45–55%, while incomplete recovery and CKD was present in approxi-
mately 40–55%. ESKD, defined as maintenance RRT or kidney transplantation was 
present in approximately 5–25% of patients (approximately 10%). In summary, at 
extended follow-up, only about half of patients will have recovered completely, 
while about 40% will have some degree of CKD, and 10% will require RRT, which 
illustrates that an episode of ATIN causes CKD in a significant proportion of the 
patient population.

D. Deleersnijder and B. Sprangers



323

Ta
bl

e 
1 

A
T

IN
 d

at
a 

in
 a

du
lt 

co
ho

rt
s

A
ut

ho
r

D
at

e
R

eg
io

n
A

ge
Pa

tie
nt

s
E

tio
lo

gy
 (

to
p 

3)
Pr

e-
ex

is
tin

g 
C

K
D

R
ec

ov
er

y/
C

K
D

A
cu

te
 

di
al

ys
is

E
SK

D
R

em
ar

ks

K
im

 e
t a

l.
20

20
So

ut
h 

K
or

ea

M
ea

n
55

 y
rs

.
13

7 
bi

op
sy

- 
pr

ov
en

 
A

T
IN

N
ot

 m
en

tio
ne

d
N

o 
in

fo
A

t 6
 m

 F
U

:
 

  C
K

D
: 6

9.
4%

 (
eG

FR
 <

60
 m

L
/

m
in

)

N
o 

in
fo

A
t m

ea
n 

76
.5

 m
 

FU
:

 
  E

SK
D

: 3
9.

4%
 

(n
ot

 c
le

ar
ly

 
de

fin
ed

)

St
ud

y 
co

m
pa

re
d 

A
T

N
 w

ith
 A

T
IN

R
an

ki
n 

et
 a

l. 
20

20
Sc

ot
la

nd

M
ea

n
58

 y
rs

.
12

0 
bi

op
sy

- 
pr

ov
en

 
A

T
IN

D
ru

gs
 (

63
%

)
Id

io
pa

th
ic

 (
22

%
)

Sa
rc

oi
do

si
s 

(7
%

)

N
o 

in
fo

A
t 1

 y
r. 

FU
:

 
  C

K
D

: 4
5%

 (
G

FR
 <

60
 m

L
/

m
in

 O
R

 s
C

r 
no

t d
ec

re
as

ed
 

w
ith

 5
0%

 f
ro

m
 b

io
ps

y 
va

lu
e)

N
o 

in
fo

A
t 1

 y
r. 

FU
:

 
  eG

FR
 <

30
 m

L
/

m
in

: 3
0%

 
  R

R
T

: 4
%

E
st

er
as

 
et

 a
l. 

20
20

Sc
ot

la
nd

M
ea

n
58

 y
rs

.
11

0 
bi

op
sy

- 
pr

ov
en

 
A

T
IN

D
ru

gs
 (

53
.6

%
)

 
  1.

 P
PI

 
  2.

 N
SA

ID
, A

B
 

  3.
 O

th
er

‘S
ys

te
m

ic
 d

is
ea

se
’ 

(1
4.

5%
)

Id
io

pa
th

ic
 (

9.
1%

)

B
as

el
in

e 
C

K
D

 in
 

64
.5

%
 (

no
t 

cl
ea

rl
y 

de
fin

ed
)

M
ea

n 
ba

se
lin

e 
eG

FR
 6

6 
m

L
/

m
in

FU
 p

er
io

d 
un

cl
ea

r
 

  R
ec

ov
er

y:
 3

6.
4%

 (
sC

r 
w

ith
in

 
±

0.
3 

m
g/

dL
 o

f 
ba

se
lin

e 
sC

r)
 

  N
o 

re
co

ve
ry

: 6
3.

6%
 (

no
t 

m
ee

tin
g 

cr
ite

ri
a 

ab
ov

e)

7.
3%

FU
 p

er
io

d 
un

cl
ea

r:
 

  R
R

T
: 8

.2
%

FU
 u

nt
il 

re
co

ve
ry

, 
en

d 
of

 s
te

ro
id

 
tr

ea
tm

en
t, 

de
at

h 
or

 
lo

st
-t

o-
fo

llo
w

-u
p

M
ol

ed
in

a 
et

 a
l. 

20
20

U
SA

M
ed

ia
n

58
 y

rs
.

51
 

bi
op

sy
- 

pr
ov

en
 

A
T

IN

N
ot

 m
en

tio
ne

d
M

ed
ia

n 
ba

se
lin

e 
eG

FR
 4

1 
m

L
/

m
in

A
t 6

 m
 F

U
:

 
  M

ed
ia

n 
eG

FR
 2

8 
m

L
/m

in
6%

A
t 6

 m
 F

U
:

 
  R

R
T

: 1
4%

 
  D

ie
d:

 3
.9

%

(c
on

tin
ue

d)

Prognosis and Outcomes of Acute Tubulointerstitial Nephritis



324

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

D
at

e
R

eg
io

n
A

ge
Pa

tie
nt

s
E

tio
lo

gy
 (

to
p 

3)
Pr

e-
ex

is
tin

g 
C

K
D

R
ec

ov
er

y/
C

K
D

A
cu

te
 

di
al

ys
is

E
SK

D
R

em
ar

ks

Z
he

ng
 

et
 a

l. 
20

20
C

hi
na

M
ea

n
45

 y
rs

.
81

 
bi

op
sy

- 
pr

ov
en

dr
ug

- 
in

du
ce

d
A

T
IN

D
ru

gs
 (

10
0%

)
 

  1.
 β

-l
ac

ta
m

 
  2.

 H
er

ba
l 

m
ed

ic
at

io
n

 
  3.

 N
SA

ID

B
as

el
in

e 
C

K
D

 in
 

4.
9%

 (
no

t 
cl

ea
rl

y 
de

fin
ed

)

A
t 6

 m
 F

U
:

 
  C

om
pl

et
e 

re
co

ve
ry

: 6
4%

 (
sC

r 
w

ith
in

 2
5%

 o
f 

ba
se

lin
e)

 
  Pa

rt
ia

l r
ec

ov
er

y:
 3

5%
 (

sC
r 

de
cr

ea
se

 w
ith

 5
0%

 f
ro

m
 

pe
ak

-v
al

ue
, b

ut
 n

ot
 w

ith
in

 
25

%
 o

f 
ba

se
lin

e)
 

  N
o 

re
co

ve
ry

: 1
%

 (
no

t m
ee

tin
g 

cr
ite

ri
a 

ab
ov

e 
or

 R
R

T
)

A
t 1

 y
r. 

FU
:

 
  C

K
D

: 4
2%

 (
eG

FR
 <

60
 m

L
/

m
in

)

22
.2

%
N

on
e

St
ud

y 
on

ly
 

in
cl

ud
ed

 
dr

ug
-i

nd
uc

ed
 

A
T

IN

Z
aj

ja
ri

 
et

 a
l. 

20
19

M
or

oc
co

M
ea

n 
47

 y
rs

.
30

 
bi

op
sy

- 
pr

ov
en

 
A

T
IN

D
ru

gs
 (

43
.3

%
)

 
  1.

 N
SA

ID
 

  2.
 A

B
 

  3.
 P

PI
A

ut
o-

im
m

un
e 

(3
3.

3%
):

 m
os

tly
 

sa
rc

oi
do

si
s

O
th

er
s 

(1
3.

2%
)

B
as

el
in

e 
C

K
D

 in
 6

.6
%

 
(e

G
FR

 
<

60
 m

L
/m

in
)

A
t 6

 m
 F

U
:

 
  C

om
pl

et
e 

re
co

ve
ry

: 3
3.

3%
 

(s
C

r 
w

ith
in

 2
5%

 o
f 

ba
se

lin
e)

 
  Pa

rt
ia

l r
ec

ov
er

y:
 2

6.
7%

 (
sC

r 
de

cr
ea

se
 w

ith
 5

0%
 f

ro
m

 
bi

op
sy

-v
al

ue
, b

ut
 n

ot
 w

ith
in

 
25

%
 o

f 
ba

se
lin

e)
 

  N
o 

re
co

ve
ry

: 4
0%

 (
no

t 
m

ee
tin

g 
cr

ite
ri

a 
ab

ov
e 

or
 

R
R

T
)

3.
3%

A
t 6

 m
 F

U
:

 
  R

R
T

: 3
.3

%

D. Deleersnijder and B. Sprangers



325

A
ut

ho
r

D
at

e
R

eg
io

n
A

ge
Pa

tie
nt

s
E

tio
lo

gy
 (

to
p 

3)
Pr

e-
ex

is
tin

g 
C

K
D

R
ec

ov
er

y/
C

K
D

A
cu

te
 

di
al

ys
is

E
SK

D
R

em
ar

ks

Y
un

 e
t a

l. 
20

19
So

ut
h 

K
or

ea

M
ea

n 
58

 y
rs

.
11

3 
bi

op
sy

- 
pr

ov
en

 
A

T
IN

Id
io

pa
th

ic
 (

68
.1

%
)

D
ru

gs
 (

22
%

)
 

  1.
 H

er
ba

l 
m

ed
ic

at
io

n
 

  2.
 N

SA
ID

, A
B

 
  3.

 P
PI

A
ut

o-
im

m
un

e 
(4

.4
%

)

B
as

el
in

e 
C

K
D

 in
 

11
.5

%
 (

no
t 

cl
ea

rl
y 

de
fin

ed
)

A
t 6

 m
 F

U
:

 
  R

ec
ov

er
y:

 5
4.

9%
 (

sC
r 

<
1.

3 
m

g/
dL

 o
r 

>
50

%
 d

ec
re

as
e 

fr
om

 p
ea

k 
va

lu
e)

A
t l

as
t f

ol
lo

w
-u

p 
(m

ed
ia

n 
33

 m
):

 
  R

ec
ov

er
y:

 7
3.

5%

30
.1

%
FU

 p
er

io
d 

un
cl

ea
r:

 
  R

R
T

 o
r 

T
x:

 
25

.7
%

 
  D

ie
d:

 1
7.

7%

B
et

te
r 

ou
tc

om
e 

in
 

dr
ug

-i
nd

uc
ed

 
A

T
IN

W
en

dt
 

et
 a

l. 
20

19
G

er
m

an
y

M
ea

n
52

 y
rs

.
49

 
bi

op
sy

- 
pr

ov
en

 
A

T
IN

,
39

 p
at

ie
nt

s 
in

cl
ud

ed
 f

or
 

ou
tc

om
e 

da
ta

N
ot

 m
en

tio
ne

d,
 in

 
>

70
%

 u
se

 o
f 

dr
ug

s 
th

at
 a

re
 a

ss
oc

ia
te

d 
w

ith
 A

T
IN

M
ea

n 
ba

se
lin

e 
sC

r 
in

 r
ec

ov
er

y 
gr

ou
p:

 
1.

35
 m

g/
dL

M
ea

n 
ba

se
lin

e 
sC

r 
in

 n
o 

re
co

ve
ry

 
gr

ou
p:

 
1.

97
 m

g/
dL

FU
 p

er
io

d 
un

cl
ea

r
 

  C
om

pl
et

e 
re

co
ve

ry
: 5

1.
3%

 
(r

ea
ch

in
g 

ba
se

lin
e 

sC
r 

va
lu

e)
 

  Pa
rt

ia
l r

ec
ov

er
y:

 2
5.

6%
 

(c
om

in
g 

of
f 

di
al

ys
is

 a
nd

/o
r 

sC
r 

<
2.

26
 m

g/
dL

)
 

  N
o 

re
co

ve
ry

: 2
3.

1%
(n

o 
im

pr
ov

em
en

t i
n 

re
na

l 
fu

nc
tio

n 
or

 r
em

ai
ni

ng
 o

n 
R

R
T

)

43
.6

%
FU

 p
er

io
d 

un
cl

ea
r

(‘
en

d 
of

 F
U

’)
:

 
  R

R
T

: 1
2.

8%

(c
on

tin
ue

d)

Prognosis and Outcomes of Acute Tubulointerstitial Nephritis



326

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

D
at

e
R

eg
io

n
A

ge
Pa

tie
nt

s
E

tio
lo

gy
 (

to
p 

3)
Pr

e-
ex

is
tin

g 
C

K
D

R
ec

ov
er

y/
C

K
D

A
cu

te
 

di
al

ys
is

E
SK

D
R

em
ar

ks

Su
 e

t a
l. 

20
18

C
hi

na

M
ea

n
47

 y
rs

.
15

7 
bi

op
sy

- 
pr

ov
en

 
A

T
IN

A
t d

ia
gn

os
is

:
 

  D
ru

gs
 (

64
.3

%
)

 
  A

ut
o-

im
m

un
e 

(2
2.

3%
)

 
  Id

io
pa

th
ic

 
(5

.1
%

)
A

t f
ol

lo
w

-u
p:

 
  D

ru
gs

 (
50

.3
%

)
 

  A
ut

o-
im

m
un

e 
(4

1.
4%

)
 

  O
th

er
s 

(4
.5

%
)

N
o 

in
fo

A
t 6

 m
 F

U
:

 
  C

om
pl

et
e 

re
co

ve
ry

: 4
5.

9%
 

(s
C

r 
w

ith
in

 2
5%

 o
f 

ba
se

lin
e)

 
  Pa

rt
ia

l r
ec

ov
er

y:
 2

2.
9%

 (
sC

r 
de

cr
ea

se
 w

ith
 5

0%
 f

ro
m

 
bi

op
sy

-v
al

ue
, b

ut
 n

ot
 w

ith
in

 
25

%
 o

f 
ba

se
lin

e)
 

  N
o 

re
co

ve
ry

: 2
9.

3%
A

t 1
2 

m
 F

U
:

 
  C

K
D

: 5
4.

8%
 (

eG
FR

 <
60

 m
L

/
m

in
)

A
t m

ed
ia

n 
38

 m
 F

U
:

 
  C

K
D

: 5
2.

2%
 (

eG
FR

 <
60

 m
L

/
m

in
)

N
o 

in
fo

FU
 p

er
io

d 
un

cl
ea

r:
 

  R
R

T
: 2

0.
4%

(u
nc

le
ar

 w
he

th
er

 
ac

ut
e 

or
 

m
ai

nt
en

an
ce

 
R

R
T

)
 

  D
ie

d:
 3

.2
%

B
et

te
r 

ou
tc

om
e 

in
 

dr
ug

-i
nd

uc
ed

 
A

T
IN

 w
he

n 
co

m
pa

re
d 

to
 

T
IN

U
/a

ut
o-

 
im

m
un

e 
et

io
lo

gy
.

So
m

e 
pa

tie
nt

s 
w

er
e 

m
is

cl
as

si
fie

d 
as

 d
ru

g-
in

du
ce

d 
A

T
IN

 a
nd

 la
te

r 
de

ve
lo

pe
d 

sy
st

em
ic

 
m

an
if

es
ta

tio
ns

 o
f 

au
to

-i
m

m
un

e 
et

io
lo

gy
Fe

rn
an

de
z 

et
 a

l. 
20

18
Sp

ai
n

M
ea

n 
67

 y
rs

.
18

2
bi

op
sy

- 
pr

ov
en

dr
ug

- 
in

du
ce

d
A

T
IN

D
ru

gs
 (

10
0%

)
 

  1.
 N

SA
ID

 
  2.

 A
B

 
  3.

 P
PI

B
as

el
in

e
C

K
D

: 4
1%

 
(e

G
FR

 
<

60
 m

L
/m

in
)

M
ea

n 
ba

se
lin

e 
sC

r 
1.

1 
m

g/
dL

 
(e

G
FR

 
68

 m
L

/m
in

)

A
t 6

 m
 F

U
:

 
  M

ea
n 

eG
FR

 3
4 

m
L

/m
in

 
  C

om
pl

et
e 

re
co

ve
ry

: 4
1%

 (
sC

r 
w

ith
in

 2
5%

 o
f 

ba
se

lin
e)

 
  Pa

rt
ia

l r
ec

ov
er

y:
 4

6%
(s

C
r 

ex
ce

ed
ed

 b
as

el
in

e 
w

ith
 

25
–7

5%
)

 
  N

o 
re

co
ve

ry
: 1

3%
 (

ex
ce

ed
ed

 
ba

se
lin

e 
w

ith
 >

75
%

 o
r 

R
R

T
)

19
%

A
t 6

 m
 F

U
:

 
  R

R
T

: 5
.5

%
St

ud
y 

on
ly

 
in

cl
ud

ed
 

dr
ug

-i
nd

uc
ed

 
A

T
IN

D. Deleersnijder and B. Sprangers



327

A
ut

ho
r

D
at

e
R

eg
io

n
A

ge
Pa

tie
nt

s
E

tio
lo

gy
 (

to
p 

3)
Pr

e-
ex

is
tin

g 
C

K
D

R
ec

ov
er

y/
C

K
D

A
cu

te
 

di
al

ys
is

E
SK

D
R

em
ar

ks

Pr
en

de
ck

i 
et

 a
l. 

20
17

U
K

M
ed

ia
n 

52
 y

rs
.

18
7

bi
op

sy
- 

pr
ov

en
 

A
T

IN

Id
io

pa
th

ic
 (

48
%

)
D

ru
gs

 (
25

%
)

 
  1.

 A
B

 
  2.

 N
SA

ID
 

  3.
 P

PI
A

ut
o-

im
m

un
e 

(1
4%

)

N
o 

in
fo

A
t 2

4 
m

 F
U

:
 

  m
ed

ia
n 

eG
FR

 4
3 

m
L

/m
in

 
(s

te
ro

id
-t

re
at

ed
) 

vs
.

24
 m

L
/m

in
 (

no
t s

te
ro

id
-t

re
at

ed
)

12
.3

%
A

t 6
 m

 F
U

:
 

  R
R

T
:

 
   

To
ta

l: 
5.

9%
 

   
St

er
oi

ds
: 

3.
2%

 
   

N
o 

st
er

oi
ds

: 
20

.6
%

A
t 2

4 
m

 F
U

:
 

  R
R

T
:

 
   

To
ta

l: 
8%

 
   

St
er

oi
ds

: 
5.

1%
 

   
N

o 
st

er
oi

ds
: 

24
.1

%

C
om

pa
ri

so
n 

of
 

st
er

oi
d 

vs
. n

o 
st

er
oi

ds
 a

nd
 

re
vi

ew
 o

f 
th

e 
lit

er
at

ur
e

E
ff

a 
et

 a
l. 

20
17

So
ut

h-
 

A
fr

ic
a

M
ea

n 
42

 y
rs

.
54

 
bi

op
sy

- 
pr

ov
en

A
T

IN

D
ru

gs
 (

70
.4

%
)

 
  1.

 R
if

am
pi

ci
n

 
  2.

 T
M

P-
SM

X
 

  3.
 K

an
am

yc
in

In
fe

ct
io

n 
(1

4.
8%

)
Id

io
pa

th
ic

 (
7.

4%
)

N
o 

in
fo

A
t 3

 m
 F

U
:

 
  C

om
pl

et
e 

re
co

ve
ry

: 4
5.

3%
 

(s
C

r 
to

 b
as

el
in

e,
 o

r 
<

1.
13

 m
g/

dL
)

 
  Pa

rt
ia

l r
ec

ov
er

y:
 4

2.
6%

 (
sC

r 
de

cr
ea

se
 w

ith
 5

0%
 f

ro
m

 
pe

ak
-v

al
ue

, b
ut

 n
ot

 w
ith

in
 

25
%

 o
f 

ba
se

lin
e)

 
  N

o 
re

co
ve

ry
: 7

.6
%

 (
no

t 
m

ee
tin

g 
cr

ite
ri

a 
ab

ov
e 

or
 

R
R

T
)

N
o 

in
fo

A
t 3

 m
 F

U
:

 
  R

R
T

: 3
3.

9%
 

  D
ie

d:
 1

1%

St
ud

y 
in

 C
ap

e 
To

w
n,

 h
ig

h 
pr

ev
al

en
ce

 o
f 

H
IV

 a
nd

 T
B

C
.

B
et

te
r 

ou
tc

om
es

 
in

 d
ru

g-
in

du
ce

d 
A

T
IN

(c
on

tin
ue

d)

Prognosis and Outcomes of Acute Tubulointerstitial Nephritis



328

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

D
at

e
R

eg
io

n
A

ge
Pa

tie
nt

s
E

tio
lo

gy
 (

to
p 

3)
Pr

e-
ex

is
tin

g 
C

K
D

R
ec

ov
er

y/
C

K
D

A
cu

te
 

di
al

ys
is

E
SK

D
R

em
ar

ks

V
al

lu
ri

 
et

 a
l. 

20
15

Sc
ot

la
nd

M
ed

ia
n 

66
 y

rs
.

17
1 

bi
op

sy
- 

pr
ov

en
 

A
T

IN

D
ru

gs
 (

73
%

)
 

  1.
 A

B
, P

PI
 

  2.
 N

SA
ID

A
ut

o-
im

m
un

e 
(1

6.
9%

)
In

fe
ct

io
n 

(8
.2

%
)

M
ed

ia
n 

ba
se

lin
e 

sC
r 

1.
20

 m
g/

dL

A
t 1

 y
r. 

FU
:

 
  C

om
pl

et
e 

re
na

l r
ec

ov
er

y:
 

43
%

 (
sC

r 
re

tu
rn

 to
 b

as
el

in
e)

 
  In

co
m

pl
et

e 
re

co
ve

ry
: 4

4%
 

(s
C

r 
>

0.
3 

m
g/

dL
 a

bo
ve

 
ba

se
lin

e)

19
%

A
t F

U
 1

 y
r.:

 
  R

R
T

: 9
.4

%

M
ur

iit
hi

 
et

 a
l. 

20
14

U
SA

M
ed

ia
n 

58
 y

rs
.

13
3 

bi
op

sy
- 

pr
ov

en
 

A
T

IN

D
ru

gs
 (

70
%

)
 

  1.
 A

B
 

  2.
 P

PI
 

  3.
 N

SA
ID

A
ut

o-
im

m
un

e 
(2

0%
)

In
fe

ct
io

n 
(4

%
)

B
as

el
in

e 
C

K
D

: 4
4%

 
(e

G
FR

 
<

60
 m

L
/m

in
)

M
ed

ia
n 

ba
se

lin
e 

sC
r 

1.
1 

m
g/

dL
 

(e
G

FR
 

63
 m

L
/m

in
)

A
t 6

 m
 F

U
:

 
  C

om
pl

et
e 

re
co

ve
ry

: 4
7%

 (
sC

r 
w

ith
in

 2
5%

 o
f 

ba
se

lin
e)

 
  Pa

rt
ia

l r
ec

ov
er

y:
 3

8%
 (

sC
r 

de
cr

ea
se

 w
ith

 5
0%

 f
ro

m
 

pe
ak

-v
al

ue
, b

ut
 n

ot
 w

ith
in

 
25

%
 o

f 
ba

se
lin

e)
 

  N
o 

re
co

ve
ry

: 1
4%

 (
no

t 
m

ee
tin

g 
cr

ite
ri

a 
ab

ov
e 

or
 

R
R

T
)

‘O
ut

co
m

e 
be

yo
nd

 6
 m

 F
U

’:
 

  ‘N
or

m
al

’ 
ki

dn
ey

 f
un

ct
io

n 
(s

C
  1

.4
 m

g/
dL

)
C

K
D

: 4
2%

 (
sC

r 
>

1.
4 

m
g/

dL
)

22
%

‘O
ut

co
m

e 
be

yo
nd

 6
 m

 F
U

’:
R

R
T

 o
r 

T
x:

 4
%

R
az

a 
et

 a
l. 

20
12

U
K

M
ea

n 
64

 y
rs

.
49

 
bi

op
sy

- 
pr

ov
en

 
A

T
IN

D
ru

gs
 (

67
%

)
 

  1.
 A

B
 

  2.
 P

PI
 

  3.
 N

SA
ID

Id
io

pa
th

ic
 (

20
.4

%
)

A
ut

o-
im

m
un

e 
(1

2.
2%

)

M
ea

n 
ba

se
lin

e 
sC

r 
1.

13
 m

g/
dL

 
(e

G
FR

 
65

 m
L

/m
in

)

A
t m

ea
n 

FU
 1

9 
m

:
 

  M
ed

ia
n 

eG
FR

: 3
2.

5 
m

L
/m

in
22

.4
%

N
o 

in
fo

B
as

el
in

e 
sC

r 
av

ai
la

bl
e 

fr
om

 
on

ly
 1

4 
pa

tie
nt

s

D. Deleersnijder and B. Sprangers



329
A

ut
ho

r
D

at
e

R
eg

io
n

A
ge

Pa
tie

nt
s

E
tio

lo
gy

 (
to

p 
3)

Pr
e-

ex
is

tin
g 

C
K

D
R

ec
ov

er
y/

C
K

D
A

cu
te

 
di

al
ys

is
E

SK
D

R
em

ar
ks

G
on

za
le

z 
et

 a
l. 

20
08

Sp
ai

n

M
ea

n 
58

 y
rs

.
61

 
bi

op
sy

-
pr

ov
en

 
A

T
IN

D
ru

gs
 (

10
0%

)
 

  1.
 A

B
 

  2.
 N

SA
ID

 
  3.

 P
PI

 a
nd

 
ot

he
rs

B
as

el
in

e 
C

K
D

: 3
6%

 
(e

G
FR

 
<

60
 m

L
/m

in
)

M
ea

n 
ba

se
lin

e 
sC

r 
1.

1 
m

g/
d 

(e
G

FR
 

71
 m

L
/m

in
)

A
t m

ea
n 

19
 m

 F
U

:
 

  C
om

pl
et

e 
re

co
ve

ry
: 5

0.
8%

 
(s

C
r 

w
ith

in
 2

5%
 o

f 
ba

se
lin

e)
 

  In
co

m
pl

et
e 

re
co

ve
ry

: 4
9.

2%
 

(s
C

r 
>

25
%

 o
f 

ba
se

lin
e)

23
%

A
t m

ea
n 

19
 m

 
FU

:
 

  R
R

T
: 9

.8
%

St
ud

y 
on

ly
 

in
cl

ud
ed

 
dr

ug
-i

nd
uc

ed
 

A
T

IN

B
ak

er
 e

t a
l. 

20
04

U
K

M
ea

n 
47

 y
rs

.
33

 p
at

ie
nt

s,
 

un
cl

ea
r 

w
he

th
er

 
bi

op
sy

-
pr

ov
en

D
ru

gs
 (

71
.1

%
)

In
fe

ct
io

n 
(1

5.
6%

)
Id

io
pa

th
ic

 (
7.

8%
)

N
o 

in
fo

FU
 p

er
io

d 
un

cl
ea

r:
 

  C
om

pl
et

e 
re

co
ve

ry
: 6

4.
1%

 
(s

C
r 

<
1.

5m
g/

dL
)

 
  Pa

rt
ia

l r
ec

ov
er

y:
 2

3.
4%

 (
sC

r 
>

1.
5 

m
g/

dL
)

 
  N

o 
re

co
ve

ry
: 1

2.
5%

 (
R

R
T

)

N
o 

in
fo

FU
 p

er
io

d 
un

cl
ea

r:
 

  R
R

T
: 1

2.
5%

St
ud

y 
pe

rf
or

m
s 

jo
in

t a
na

ly
si

s 
w

ith
 

da
ta

 f
ro

m
 th

e 
se

ri
es

 o
f 

B
uy

se
n 

et
 a

l. 
an

d 
Sc

hw
ar

z 
et

 a
l.,

 to
ta

l 1
28

 
A

T
IN

 c
as

es
C

la
rk

so
n 

et
 a

l. 
20

04
Ir

el
an

d

M
ed

ia
n 

65
 y

rs
.

60
 

bi
op

sy
-

pr
ov

en
 

A
T

IN

D
ru

gs
 (

92
%

)
 

  1.
 N

SA
ID

 
  2.

 A
B

 
  3.

 P
PI

Id
io

pa
th

ic
 (

8%
)

N
o 

in
fo

A
t 1

 y
r. 

FU
:

 
  M

ed
ia

n 
sC

r 
1.

59
 m

g/
dL

 
(E

SK
D

 p
at

ie
nt

s 
ex

cl
ud

ed
)

58
%

A
t 1

 y
r. 

FU
:

 
  D

ie
d:

 3
%

 
  E

SK
D

: 7
%

35
 p

at
ie

nt
s 

re
qu

ir
ed

 a
cu

te
 

di
al

ys
is

, o
f 

w
hi

ch
 

on
ly

 tw
o 

ch
ro

ni
c 

R
R

T
 a

t 1
2 

m

A
bb

re
vi

at
io

ns
: A

T
IN

 a
cu

te
 tu

bu
lo

in
te

rs
tit

ia
l n

ep
hr

iti
s,

 F
U

 fo
llo

w
-u

p.
 C

K
D

 c
hr

on
ic

 k
id

ne
y 

di
se

as
e,

 E
SK

D
 e

nd
-s

ta
ge

 k
id

ne
y 

di
se

as
e,

 A
T

N
 a

cu
te

 tu
bu

la
r n

ec
ro

si
s,

 
R

R
T

 r
en

al
 r

ep
la

ce
m

en
t 

th
er

ap
y,

 s
C

r 
se

ru
m

 c
re

at
in

in
e,

 T
x 

ki
dn

ey
 t

ra
ns

pl
an

t, 
T

IN
U

 t
ub

ul
oi

nt
er

st
iti

al
 n

ep
hr

iti
s 

w
ith

 u
ve

iti
s,

 T
M

P
-S

M
X

 t
ri

m
et

ho
pr

im
/s

ul
fa

-
m

et
ho

xa
zo

le

Prognosis and Outcomes of Acute Tubulointerstitial Nephritis



330

3  Risk Factors for Adverse Renal Outcome

Patient baseline characteristics that predispose to worse renal outcomes include 
older age, female gender and hypertension. Clinical risk factors for worse out-
come include the presence of hematuria and a higher degree of proteinuria. 
Histopathology is very important in predicting disease prognosis. A high per-
centage of acute interstitial inflammation on kidney biopsy without signs of dis-
ease chronicity, predicts renal recovery and better outcomes. In contrast, a high 
percentage of glomerulosclerosis and interstitial fibrosis and tubular atrophy 
(IFTA) predicts worse renal outcomes. The presence of granulomas on kidney 
biopsy (granulomatous interstitial nephritis) also predicts worse renal outcomes, 
as well as recurrent episodes of ATIN, which is more often seen in auto-immune 
ATIN when compared to drug-induced ATIN. Novel prognostic biomarkers that 
may predict renal outcomes (e.g., urine interleukin-9, prolonged low molecular 
weight proteinuria) are being investigated, but up until now no biomarkers have 
been rigorously validated.

4  Corticosteroids and Renal Outcome

Whether corticosteroid treatment results in better outcomes in ATIN patients is 
still a matter of debate as conflicting results have been reported. To date, no 
randomized controlled trials (RCTs) using corticosteroids in ATIN have been 
performed, because ATIN remains a rare kidney disease and not all patients 
undergo kidney biopsy, making  inclusion of sufficient study participants with 
biopsy-proven ATIN very challenging. In addition, there is no standard approach 
to corticosteroid therapy in regard to timing, dose, route of administration 
(intravenous, oral, both), or duration. Data are therefore derived from observa-
tional studies and case series. One recent systematic review included eight ret-
rospective studies in which treatment with corticosteroids was compared to 
non-corticosteroid therapy in drug-induced ATIN. A meta-analysis could not be 
performed due to study heterogeneity and risk of bias in the individual studies 
was considered very high. While 4 studies found a beneficial effect of cortico-
steroids on sCr, the other 4 studies found no significant effect. Corticosteroid-
related adverse events were also underreported. The authors concluded that the 
effect of corticosteroid treatment in drug-induced ATIN is still uncertain and 
could not make any recommendations regarding its use. Renal outcomes are 
possibly better when corticosteroids are initiated early in the disease course of 
drug-induced ATIN, but focus should be on early discontinuation of the inciting 
drug. The availability of clinical, biochemical and/or histological  markers to 
predict corticosteroid would be helpful in choosing patients appropriate for cor-
ticosteroid therapy.
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5  Prognosis According to Age Category

5.1  Pediatric Patients

Limited data are available on outcome of ATIN in pediatric patients and case series 
generally included <30 biopsy-proven cases (Table 2). Furthermore, ATIN is frequently 
diagnosed without kidney biopsy, potentially biasing the biopsy-proven cohorts 
towards more severe cases that do not respond to cessation of a potentially causative 
drug. About 10% of pediatric patients with ATIN require transient acute dialysis. The 
long-term prognosis of pediatric patients with ATIN varies between studies. In 2 case 
series from Turkey that mostly included patients with clinically diagnosed ATIN (only 
about 25% biopsy-proven), all patients showed complete recovery of kidney function. 
However, when considering 5 case series that only included biopsy-proven cases, only 
1 study noted complete renal recovery in all patients at extended follow-up. In the 
remaining 4 studies, chronic kidney disease (eGFR <80–90 mL/min) was present in 
15%, 32%, 56%, and 70% of patients at a mean/median follow-up of 1–2.75 years, 
respectively. Importantly, in these series, the presence of uveitis or explicit diagnosis of 
tubulointerstitial nephritis with uveitis (TINU) as etiology of ATIN was reported in 
28–65% of cases. Fortunately, evolution to ESKD remains extremely rare in the pedi-
atric population. In summary, although long-term outcomes are better when compared 
to the adult population, a significant proportion of pediatric patients with biopsy-proven 
ATIN will develop a degree of chronic kidney disease.

5.2  Elderly Patients

Recent data suggest that the prevalence of ATIN is increasing in the elderly. Many 
studies have found an association between older age and worse renal outcomes. 
Data on ATIN in this patient population have recently been published by Muriithi 
and colleagues. The authors reported outcomes in 45 patients with biopsy-proven 
ATIN aged 65  years and older (median age 73  yrs.) and compared them to 88 
patients aged 18–64 years (median age 49 yrs.). Elderly patients more often had 
baseline CKD, higher peak serum creatinine and more need for transient dialysis. 
Surprisingly however, complete or partial recovery within 6 months was observed 
in 86% of elderly patients and was not significantly different when compared to the 
younger cohort. Recovery was predicted by rapid initiation of steroids and 
antibiotic- induced ATIN compared with proton-pump inhibitor-induced AIN.  In 
the older cohort, more patients had drug-induced ATIN (87% vs. 64% in younger 
cohort) and fewer patients with auto-immune-related ATIN (7% vs. 27% in younger 
cohort), which might partially explain the relatively good outcomes in the elderly. 
Importantly however, in this study, very few patients had follow-up beyond 
6 months and 3 out of 4 patients that developed ESKD were in the elderly group. 
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Considering the previously found association of older age with worse outcomes and 
the short follow- up period of this study, more studies with longer follow-up are 
required before concluding that the elderly indeed have a similar prognosis to 
younger adults.

6  Prognosis According to Specific Etiology

6.1  Drugs

6.1.1  Overall Outcomes

Drugs are the most frequent cause of ATIN, as they are implicated in approximately 
65% of adult biopsy-proven ATIN cases. The classes of drugs that are most frequently 
associated with ATIN vary across case series.  In general, antibiotics, PPIs, and non-
steroidal anti-inflammatory drugs (NSAIDs) are most frequent. Drug- induced ATIN 
has a better prognosis when compared to auto-immune etiologies (e.g., TINU, 
Sjögren’s syndrome, sarcoidosis, IgG4-related disease), possibly because drug expo-
sure primarily represents a single episode of AKI. In contrast, auto-immune etiolo-
gies more frequently cause recurrent AKI-episodes, which may hamper renal recovery 
and induce fibrosis and CKD.  Three larger case series have exclusively included 
patients with drug-induced ATIN. Gonzalez et  al. included 61 patients (mean age 
58 yrs., one third had baseline CKD) and reported a complete renal recovery in 51% 
of cases, while 10% required maintenance RRT at a median follow-up of 19 months. 
Fernandez et al. included 182 patients (mean age 67 yrs., at least 40% with baseline 
CKD) and reported a complete renal recovery in 41% of cases, while 5.5% required 
maintenance RRT at a median follow-up of 6  months. Zheng et  al. included 81 
patients (mean age 45 yrs., 4% with baseline CKD) and reported complete recovery 
in 64%, partial recovery in 35% and no recovery in 1% of patients at 6 months fol-
low-up, although at 12 months 42% had CKD (eGFR <60 mL/min). In general, renal 
outcomes are better when the causal drug is discontinued early. For example, Muriithi 
et al. found that both longer duration of drug exposure and delay in initiation of ste-
roid treatment were associated with poor renal recovery. Re-exposure to the inciting 
drug should be avoided to prevent disease recurrence.

6.1.2  Proton-Pump Inhibitors (PPIs)

PPIs are frequently cited as the culprit for interstitial nephritis and some case series 
have found PPIs to be the most frequent cause of drug-induced ATIN (in 35–64% of 
drug-induced cases) (Table 3), while other series mention antibiotics and NSAIDs 
as the most frequent etiologic agent. Two systematic reviews both found that PPI- 
users have an approximately three-fold higher risk of ATIN when compared to non- 
PPI- users. PPI therapy was also associated with a more modest but significantly 
increased risk of AKI, CKD and ESKD in general (hazard ratios approximately 1.5 
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for all). A proportion of the CKD-group might consist of patients with incompletely 
recovered kidney function after an episode of acute PPI-induced ATIN or AKI. In 
other patients, PPIs may directly induce chronic kidney injury without preceding 
AKI, likely also contributing to this group. 

To date, renal outcome data on PPI-induced ATIN can be derived from small 
case series in which outcome parameters were not clearly defined and pre-existing 
CKD not consistently reported. Patients in these series were older (median age 
68.5–78 yrs.). One case series included 15 cases (12 biopsy-proven cases) in which 
the mean baseline sCr-value of 0.94 mg/dL deteriorated to a mean value of 1.57 mg/
dL at follow-up after the ATIN-episode (range of 3–18  months). One patient 
required acute dialysis and no patients progressed to ESKD at follow-up. A second 
case series included 18 biopsy-proven PPI-induced ATIN cases, of which 94% 
already had severe CKD at baseline (mean eGFR 37 mL/min). At 6 months follow-
 up, mean eGFR reduction was 11.5 mL/min when compared to baseline, and two 
patients (11%) that previously had eGFR >30  mL/min deteriorated to ESKD 
(eGFR <15 mL/min). Additional outcome data can be derived from 1 larger study 
on drug- induced ATIN in the elderly, which performed a subgroup analysis of 
patients with PPI-induced ATIN (n = 8). At baseline, 5 patients (63%) had CKD 
(median eGFR 56 mL/min) and at 6 months follow-up, 28.5% of patients showed 
complete recovery, 43% partial recovery and 28.5% no recovery, although no 
patients required acute dialysis or progressed to ESKD. In conclusion, PPI-induced 
ATIN occurs most frequently in older patients who frequently have CKD at base-
line, and although acute dialysis and ESKD remain rare, these data show that many 
patients do not experience full renal recovery and often develop clinically signifi-
cant CKD.

6.1.3  NSAIDs

NSAIDs are well known to cause AKI, most frequently through a hemodynamic/
vasomotor effect caused by vasoconstriction of the afferent glomerular arteriole, but 
less frequently by ATIN. Similar to PPIs, no large observational studies of NSAID- 
induced ATIN have been published and outcome data can only be derived from 
small (primarily pediatric) case series (Table 4), or from subgroup analyses of larger 
studies in adults with ATIN. Clarkson et al. included 60 adult patients with ATIN 
and could not find a difference in sCr at 12  months when comparing NSAID- 
induced ATIN cases (44%) with other etiologies, which were also predominantly 
drug-related. Gonzalez et  al. performed a subgroup analysis of 20 adult patients 
with NSAID-induced ATIN that were treated with steroids: 9 patients (45%) showed 
complete renal  recovery, while 11 patients (55%) did not and 1 patient required 
maintenance RRT (5%), which does not differ substantially from the overall renal 
outcomes in adults with ATIN. When considering the small pediatric case series on 
NSAID-induced ATIN, most patients fully recovered to normal kidney function, 
few patients required acute dialysis and almost none evolved to ESKD with need for 
chronic RRT.

Prognosis and Outcomes of Acute Tubulointerstitial Nephritis



338

6.1.4  Antibiotics

In two large studies published in 2008 and 2014, antibiotics were the most frequent 
cause of drug-induced ATIN. Penicillins are most frequently implicated in antibiotic- 
induced ATIN, with fluoroquinolones (FQs) and cephalosporins being second and 
third, respectively. No large studies focusing on penicillin-induced ATIN have been 
recently published, while older studies consist of small case series of patients mostly 
treated with methicillin. These studies are highly prone to bias, considering that 
ATIN was frequently diagnosed without kidney biopsy and some patients even had 
normal kidney function. In addition, outcome measures were not clearly defined, 
nor was follow-up period clearly reported. One study noted that 5 out of 14 patients 
with methicillin-induced ATIN required acute dialysis, and 5 out of 14 patients still 
experienced ‘renal dysfunction’ at a minimum of 1-year follow-up, although the 
authors noted that previous studies reported better renal outcomes.

Regarding the use of FQs, 1 study from the Mayo Clinic retrospectively identi-
fied 24 patients with biopsy-proven FQ-induced ATIN, with outcome data reported 
on 21 patients. Ciprofloxacin was most frequently implicated (71% of cases). A 
total of 15 patients (71%) showed complete recovery, 5 patients (24%) showed 

Table 4 NSAID-induced ATIN

Author
Date
Region Age Patients Recovery/CKD

Acute 
dialysis ESKD Remarks

Clave 
et al. 
2019
France

Median 
12 yrs.

4 
biopsy- 
proven 
NSAID- 
induced 
ATIN

At 24 m FU:
   Full recovery: 75% 

(3 pts) (GFR 
>90 mL/min)

   CKD: 25% (1 pt) 
(eGFR 68 mL/min)

None None

Misurac 
et al. 
2013
USA

Median 
15 yrs.

6 
biopsy- 
proven 
NSAID- 
induced 
ATIN

Pooled analysis
At median 9 m FU:
   Full recovery: 70% 

(eGFR <90mL/
min)

   Mild CKD: 26% 
(eGFR >60 mL/
min, <90 mL/min)

   Moderate CKD: 
4% (eGFR 
<60 mL/min)

Pooled 
analysis
15%

None 6 ATIN patients 
are pooled in the 
analysis with 21 
NSAID-induced 
ATN cases, which 
complicates 
analysis

Dixit 
et al. 
2010
USA

Median 
15 yrs.

5 
biopsy- 
proven 
NSAID- 
induced 
ATIN

At 1-2 m FU:
   Full recovery: 

100% 
(normalization of 
sCr)

   Mean sCr 0.71 mg/
dL

40% None

Abbreviations: ATIN acute tubulointerstitial nephritis, FU follow-up, CKD chronic kidney disease, 
ESKD end-stage kidney disease, sCr serum creatinine, pt(s) patient(s)
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partial recovery and one patient (5%) showed no recovery after 6 months of follow-
 up. The median time to recovery was short (20.5 days). A total of 6 patients (25%) 
required acute dialysis.

6.2  Malignancy

6.2.1  ICPIs Therapy and Other Cancer Treatments

ICPIs are considered standard of care in the management of an ever-increasing 
number of advanced malignancies. ICPIs result in unopposed T cell activation and 
significant anti-cancer responses. Not surprisingly, ICPIs are associated with a wide 
range of immune-mediated side effects, termed immune-related adverse events 
(irAEs). Although renal irAEs are rare, they can be serious. It is important to note 
that most cases of AKI in ICI-treated cancer patients are prerenal. In recent years, 
several large case series have been published focusing on ICPI-associated acute 
kidney injury after exclusion of other causes of AKI in cancer patients treated with 
ICPI.  The most common biopsy finding in patients with ICPI-associated AKI is 
ATIN. In the largest case series to date, Cortazar et al. included 138 patients with 
ICPI-associated AKI. Lower baseline eGFR, use of PPIs and combination of ICPI 
were associated with the development of AKI.  Eighty-six percent of patients 
received corticosteroid treatment and complete, partial, and no recovery of kidney 
function was observed in 40%, 45%, and 15% of patients, respectively. Concomitant 
extrarenal irAEs were associated with worse renal outcomes, while corticosteroid 
treatment and use of ATIN-causing medication (NSAIDS, PPI, antimicrobial 
agents) were associated with better kidney outcomes. Absence of kidney recovery 
was associated with increased mortality. Whether the development of ICI-associated 
irAEs is associated with better cancer and patient outcomes is not well established 
at this time as conflicting results have been reported. A recent article by Lin et al. 
reported on the limited experience with infliximab-containing regimens in 10 
patients with ICPI-associated AKI.  Complete, partial and no renal recovery was 
obtained in 40%, 40% and 20%, respectively.

In a study from 2013 (before the ICPI era) by Airy et al. including cancer patients 
with biopsy-proven tubulointerstitial nephritis (TIN), ifosfamide, bacillus Calmette- 
Guérin- vaccination, tyrosine kinase inhibitors and pemetrexed were the most com-
monly implicated drugs. ATIN was associated with better renal outcomes than chronic 
TIN. Moreover, pemetrexed and ifosfamide were associated with worse renal outcomes.

6.2.2  Myelodysplastic Syndrome

In a study focusing on 19 patients with myelodysplastic syndrome undergoing a 
kidney biopsy, ATIN was present in 7 patients (37%), while glomerulopathy was 
present in the remaining cases. In the ATIN-cases no clear association with a caus-
ative medication was observed, although 2 patients were on long-term treatment 
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with PPIs. The authors therefore concluded that there may be an association between 
MDS and ATIN. Of these seven patients, 1 patient achieved remission (eGFR 74 mL/
min at 5 months), 5 patients evolved to CKD of which 2 patients required chronic 
dialysis and 1 patient developed ESKD and died of progression to acute myeloid 
leukemia. The kidney prognosis of MDS-associated ATIN therefore appears poor.

6.3  Auto-immune/inflammatory Disorders

6.3.1  Tubulointerstitial Nephritis with Uveitis (TINU)

Tubulointerstitial nephritis with uveitis is a rare clinical syndrome in which uveitis 
precedes, co-occurs or most often follows the onset of acute interstitial nephritis. 
The clinical course and severity of the uveitis does not seem to correlate with the 
nephritis. Although smaller case series of mostly pediatric patients suggested a 
good long-term renal prognosis, 2 larger studies that included adult patients with 
biopsy-proven TINU clearly showed less reassuring outcomes (Table 5). In the first 
study, Li et al. reported on a Chinese cohort of 31 adult patients with biopsy-proven 
TINU, of which 80% developed CKD (eGFR <60 mL/min) at 1-year follow-up. 
Disease relapse was associated with poor outcomes, as were older age, higher sCr 
level at biopsy, higher erythrocyte sedimentation rate, leukocyturia, and concomi-
tant thyroid dysfunction. The second study by Legendre et al. reported on a French 
cohort of 41 adult patients with biopsy-proven TINU of which 32% developed CKD 
(eGFR <60 mL/min) at 1-year-follow-up. In this study, higher peak sCr levels and 
older age were also associated with lower eGFR at 1-year follow-up. Corticosteroid 
treatment did not result in better kidney function but was associated with fewer 

Table 5 TINU in adult cohorts

Author
Date
Region Age Patients

Pre- 
existing 
CKD

Recovery/
CKD

Acute 
dialysis ESKD Remarks

Legendre 
et al. 2016
France

Median 
47 yrs.

41 
biopsy- 
proven 
TINU

Baseline 
CKD: 
2.4%
(1 pt, 
eGFR 
58 mL/
min)

At 1 yr. FU:
   CKD in 

32% 
(eGFR 
<60 mL/
min)

   Median 
eGFR 
76 mL/min

10% None

Li et al. 
2014
China

Mean 
48 yrs.

31 
biopsy- 
proven 
TINU

No info At 1 yr. FU:
   CKD: 80% 

(GFR 
<60 mL/
min)

16% None Relapse was 
seen in 36% of 
patients and 
predicted poor 
outcome

Abbreviations: ATIN acute tubulointerstitial nephritis, FU follow-up, CKD chronic kidney disease, 
ESKD end-stage kidney disease, TINU tubulointerstitial nephritis with uveitis, pt patient
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uveitis relapses. Although the difference in CKD at 1-year follow-up in both studies 
is quite striking and potentially related to differences in treatment and ethnicity 
between the two studies, it is clear that TINU may cause significant CKD in a sub-
stantial proportion of adult patients.

Fortunately, in pediatric patients, kidney prognosis of TINU appears to better. 
Jahnukainen et al. included 26 pediatric patients (mean age 12 yrs.) with idiopathic 
biopsy-proven ATIN, of which 12 (46%) developed uveitis and therefore can be re- 
classified as TINU. At a mean follow-up of 2.75 years, only 1 patient with uveitis 
(8%) developed CKD (eGFR <90 mL/min), which is substantially lower when com-
pared to the adult cohorts. In contrast to studies in adult patients, no biochemical or 
histologic features could be identified as predictors of these adverse renal outcomes.

6.3.2  IgG4-Associated Renal Disease

In contrast to IgG4-assocated glomerular disorders, IgG4-associated tubulointersti-
tial nephritis (IgG4-TIN) is highly responsive to corticosteroid treatment. However, 
recovery of kidney function is often not complete. Studies have established that 
there is no clear correlation between histologic lesions and treatment response. 
Relapses are frequent (20–46%) in IgG4-related disease (IgG4-RD) and are pre-
dicted by baseline serum IgG4, IgE, and eosinophils.

6.3.3  Sjögren’s Syndrome

Maripuri et al. described 24 patients with Sjögren’s syndrome that underwent kid-
ney biopsy, of which 17 (70.8%) had acute or chronic TIN as the primary lesion on 
histopathology. Only 12 patients were followed beyond 1 year (median follow-up 
73.5 months) and five of these patients (42%) presented with eGFR <30 mL/min at 
biopsy (no baseline reported). Kidney function improved in 6 patients (50%), 
remained stable in 4 patients (33%) and deteriorated in 2 patients (17%). At final 
follow-up, 5 of these 12 patients (42%) had severe CKD (eGFR <30 mL/min). In 
many patients, chronic kidney injury  remained unrecognized until severe CKD 
occurred and kidney biopsy was performed, which explains the poor renal outcomes 
in this study. The authors therefore advocate early detection and aggressive treat-
ment of TIN in Sjögren’s syndrome.

6.4  Infections

6.4.1  Leptospirosis

Kidney injury in leptospirosis infection can occur in the setting of acute systemic 
infection with multi-organ dysfunction, and is generally characterized by ATIN or 
acute tubular necrosis on kidney biopsy. The mortality rate of acute infection 
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depends upon the studied population (overall vs. in-hospital vs. critically ill) and is 
generally estimated at approximately 15–20% in patients with AKI and is predomi-
nantly attributed to pulmonary hemorrhage. Abdulkader et al. reviewed the litera-
ture on leptospirosis-induced AKI and concluded that complete recovery of kidney 
function can be expected in young patients without comorbidities, although dys-
function in urinary concentration capacity may remain present.

6.4.2  Hantavirus

Hantavirus-infection can cause hemorrhagic fever with renal syndrome (HFRS), 
which is associated with severe AKI caused by ATIN. HFRS is typically caused by 
four hantaviruses: Puumala, Dobrava/Belgrade, Hantaan, and Seoul virus. In 
Europe, Puumala virus (PUUV) and Dobrava/Belgrade virus (DOBV) most fre-
quently cause Hantavirus-infection and mortality of both infections is below 1%. In 
hospitalized patients with PUUV infection, a maximum of 6% of patients require 
acute dialysis. A recent smaller study included patients with DOBV-infection and 
AKI. This study reported that 4 out of 34 patients (12%) required transient acute 
dialysis (Table 6). Long-term prognosis of PUUV and DOBV Hantavirus infection 
is good and does not seem to correlate with the severity of the acute infection. One 
study found normalized kidney function (mean eGFR 84 mL/min) at 1-year follow-
up of patients with DOBV-infection and kidney injury. Three other studies on 
patients with PUUV infection found normalized kidney function at 2 years, 5 years, 
6 years and 10 years follow-up. A slightly increased eGFR, proteinuria and blood 
pressure at approximately 5 years follow-up was described in patients with previ-
ous PUUV-infection. However, these effects normalized at 10 years follow-up. So 
in general, full recovery from Hantavirus-induced ATIN can be expected.

6.4.3  Yersinia Pseudotuberculosis (Y. Pseudotuberculosis)

Most cases of AKI and ATIN caused by Y. pseudotuberculosis have been reported in 
Japan and Korea and generally occurred in the pediatric population. In two small studies 
of pediatric patients, microbiological diagnosis of Y. pseudotuberculosis was achieved 
by stool cultures, serology or a compatible clinical course, which introduces risk of bias. 
In most cases, ATIN was diagnosed clinically, and few kidney biopsies were per-
formed.  Although acute hemodialysis was required in 1 out of 6 patients and 2 out of 9 
patients, both studies reported full recovery of kidney function in all patients at follow-
up. Quality of evidence from these studies is very low and more research is warranted. 

6.4.4  HIV

In HIV patients, ATIN was the third most common diagnosis on kidney biopsy fol-
lowing HIV-associated nephropathy (HIVAN) and focal segmental glomeruloscle-
rosis, with the prevalence of HIVAN decreasing in recent years due to the 
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Table 6 Hantavirus infection-related ATIN

Author
Date
Region Age Hantavirus Patients

Recovery/
CKD

Acute 
dialysis ESKD Remarks

Meier 
et al. 
2018
Germany

Mean 
41 yrs.

Serologically 
confirmed 
DOBV

34 DOBV 
cases,
6 
biopsy- 
proven 
ATIN

At 1 yr. 
FU:
   Mean 

GFR 
84 mL/
min

11.8% None

Outinen 
et al. 
2015
Finland

Median 
40 yrs.

Serologically 
confirmed
PUUV

Total of 
556 PUUV 
cases, 459 
patients 
had AKI 
(83%), 
189 (34%) 
had severe 
AKI,
biopsy rate 
not 
mentioned

At 5 yrs. 
FU:
   median 

sCr 
0.84 mg/
dL, only 
1 pt. 
CKD

4% (of 
total)

None No one had 
baseline CKD
Risk of bias 
(biopsy rate not 
mentioned, 
analysis of AKI 
patients in 
general)
No difference in 
renal outcome 
when AKI vs. 
non-AKI group 
is compared

Miettinen 
et al. 
2009
Finland

Mean 
49 yrs.

Serologically 
confirmed
PUUV

37 PUUV 
cases, 
biopsy rate 
not 
mentioned

At 6 yrs. 
FU:
   Mean 

eGFR 
120 mL/
min

No info No 
info

At 6 yrs. FU: 
more tubular 
proteinuria, 
increased eGFR 
(hyperfiltration) 
and elevated 
systolic blood 
pressure

Miettinen 
et al. 
2006
Finland

Mean 
50 yrs.

Serologically 
confirmed
PUUV

36 PUUV 
cases, 
biopsy rate 
not 
mentioned

At 5 yrs. 
FU:
   Mean 

eGFR 
121 mL/
min

At 10 yrs. 
FU:
   Mean 

eGFR 
113 mL/
min

10.9% None Follow-up study 
of cohort from 
Mäkelä et al.
At 5 yrs. higher 
proteinuria, 
hyperfiltration 
and elevated 
blood pressure 
when compared 
to controls, but 
no longer 
present at 10 
yrs.
Data from 
study of Mäkelä 
et al. (n = 5 out 
of 46 patients)

Abbreviations: ATIN acute tubulointerstitial nephritis, FU follow-up, CKD chronic kidney disease, 
ESKD end-stage kidney disease, sCr serum creatinine, DOBV Dobrava/Belgrade virus, PUUV 
Puumala virus, AKI acute kidney injury, pt patient
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introduction of highly active antiretroviral therapy. In a study by Parkhie et al., 11% 
of HIV patients undergoing a kidney biopsy had ATIN without evidence of 
HIVAN. Drugs were identified as the cause of ATIN in the majority (72%) of cases, 
which were most commonly associated with use of NSAIDS and sulfamethoxazole/
trimethoprim. Also, the protease inhibitor atazanavir may cause both acute and 
chronic (granulomatous) interstitial nephritis, with a higher risk when used in com-
bination with tenofovir. One study reviewed the outcomes of 8 cases of atazanavir- 
related interstitial nephritis: five patients experienced complete remission after 
cessation of treatment, 1 patient experienced partial remission and 2 patients expe-
rienced no remission after treatment cessation of which 1 required chronic hemodi-
alysis. In all patients that experienced partial or no remission, kidney biopsy showed 
granulomatous interstitial nephritis.

6.5  Other Etiologies

6.5.1  Mesoamerican Nephropathy/CKDu

Mesoamerican nephropathy belongs to the group of CKD of unknown cause 
(CKDu)  in agricultural communities, together with similar diseases such as Sri 
Lankan nephropathy and Uddanam nephropathy. These kidney diseases occur in 
agricultural workers in hot climates, clinically present with CKD with relatively 
unremarkable urinary examinations and are characterized by chronic tubulointersti-
tial disease with inflammation and interstitial fibrosis on kidney biopsy. The etiology 
remains unknown. In a report by Fischer et al., 49 of 586 (8.4%) agricultural workers 
with acute Mesoamerican nephropathy progressed to CKD (eGFR <60 mL/min in 
about 60% of these 49 patients), most of them already within 6 months after diagno-
sis. The presence of anemia and paresthesias at the time of diagnosis were identified 
as predictors of CKD progression. As these are young patients (median age 32 yrs.) 
without pre-existing CKD, these renal outcomes are concerning and more research is 
urgently needed to identify the underlying cause and to develop preventive and thera-
peutic strategies.

7  Conclusion

Current evidence suggests that long-term kidney outcomes of patients with ATIN 
are far less favorable than originally thought. As a rule of thumb, when adult patients 
are followed for 1–3 years after an episode of ATIN, about 50% will experience full 
renal recovery, 40% will develop CKD and 10% ESKD requiring RRT. Most impor-
tant risk factors for adverse renal outcome are older age, signs of disease chronicity 
on kidney biopsy, and recurrent ATIN-episodes. Whether the use of corticosteroids 
improves long-term kidney outcomes remains controversial. Pediatric patients have 
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a better long-term prognosis, although a significant proportion of patients will also 
develop CKD. Outcomes are also influenced by the underlying disease etiology. 
Drug-induced ATIN has a better prognosis when compared to auto- immune etiol-
ogy, certainly if the inciting drug is discontinued early in the disease course and 
re-exposure is avoided. ATIN related to ICPIs is an emerging etiology with slightly 
worse kidney outcomes when compared with the overall ATIN- population, although 
corticosteroid use is associated with better outcomes. Auto- immune etiologies fre-
quently cause CKD, and especially chronic TIN related to Sjögren’s syndrome has 
been under-recognized in the past with very poor kidney outcomes. Finally, when 
considering infection-related ATIN, long-term kidney outcomes of Hantavirus-
infections (PUUV and DOBV) are very good and full renal recovery can be expected 
in nearly all patients, even in those that initially require transient dialysis.
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