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C H  A P T E R

For most of its medical history, the kidney has been con-
sidered a tubular organ. Even after Marcello  Malpighi
(1628–1694) described his eponymous “corpuscles” 

and William Bowman (1816–1892) that of his “capsule,” the 
kidney continued to be viewed as a secretory tubular or-
gan. In fact, after the milestone report of dropsical albumin-
uric medical cases by Richard Bright (1789–1858), which 
launched the study of kidney disease, the in  ammatory dis-
eases of the kidney that he described were classi  ed in 1858 
by Rudolph Virchow (1821–1902) as a  nephritis principally 
affecting the tubules (“parenchymatous” nephritis) or the 
interstitium (“interstitial” nephritis). It is only after the im-
proved resolution of microscopes and re  nements in tissue 
processing that in 1869 “glomerular” nephritis was added to 
the list of nephritides by Edwin Klebs (1834–1913). Still, 
most diseases of the kidney continued to be considered as 
tubulopathies rather than glomerulopathies well into the 
  rst decades of the 20th century. It is within this context 
that the pathologic diagnosis of acute interstitial nephri-
tis (AIN) was described in 1898 by William Councilman 
(1854–1933). In his now classic paper, based on a review of 
the literature and his postmortem examination of 42 cases, 
he reported on a nonsuppurative in  ammatory interstitial 
lesion of the kidney occurring predominantly in patients 
with diphtheria (24 cases), scarlet fever (10 cases), and less 
frequently in those with other infectious diseases. He de-
scribed the pathologic changes as 

an acute in  ammation of the kidney characterized by 
cellular and   uid exudation in the interstitial tissue, 
accompanied by, but not dependent on, degeneration 
of the epithelium; the exudation is not purulent in 
character, and the lesions may be both diffuse and focal 

and identi  ed the in  ltrating cells as “plasma cells that 
had migrated from the blood vessels and multiplied locally 
by mitotic division.” He localized the foci of cellular in  l-
trates to three sites: the boundary zone of the pyramids, the 
subcapsular region of the cortex, and around the glomeruli. 
These meticulous observations and the lucid description are 
just as valid today as they were then, and they encapsulate 

the lesions of this disease of the kidneys more succinctly and 
thoroughly than much of what has been written since they 
were   rst reported. 1,2

Subsequent reports con  rmed Councilman’s observa-
tion that nonsuppurative lesions of the renal interstitium 
appeared after short but variable periods from the onset of 
acute infections that were primarily streptococcal in ori-
gin.3,4 This concept of acute tubular and interstitial injury 
following an acute infection was so well accepted that initial 
reports of acute tubular necrosis (ATN), which appeared 
before the proper characterization of acute renal failure due 
to tubular necrosis during World War II, termed the new 
lesion acute hematogenous interstitial nephritis and argued 
for the similarity of the lesions of ATN to those of AIN. 5
The dif  culty in the differential diagnosis of these two vari-
ants of tubulointerstitial disease persists to this day if the 
kidney tissue is not examined carefully and is interpreted 
without bene  t of the clinical history. 1,6,7 The introduction 
of antibacterials during World War II and the eradication of 
serious and fatal streptococcal infections resulted in a loss 
of interest in the entity described by Councilman, whereas 
attention focused on ischemic or nephrotoxic ATN as the 
predominant cause of acute kidney injury (AKI). There-
fore, it is ironic that interest in AIN was revived in the 
1960s when the very antibiotics used to treat streptococ-
cal infections were identi  ed as a cause of AIN. 1,8,9 In fact, 
the bulk of current reports in the literature are on drug-
induced AIN, and the number of drugs implicated as caus-
ing AIN continues to increase, as does that of the variations 
in their clinical and laboratory manifestations. 8–10 AIN has 
since come to de  ne the clinicopathologic syndrome that 
develops in diverse conditions, including infections, and 
is characterized by an acute deterioration of kidney func-
tion, the pathologic features of which remain those   rst de-
scribed by Councilman as “cellular and   uid exudation in 
the interstitial tissue, accompanied by, but not dependent 
on, degeneration of the epithelium . . . and the lesions may 
be both diffuse and focal.” 2

Although this clinicopathologic syndrome initially was 
referred to as  acute interstitial nephritis,2 the more inclusive 
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this syndrome and not to its pathologic features, which are 
notable for mononuclear cell in  ltration rather than the 
polymorphonuclear leukocytes characteristic of an acute 
in  ammatory reaction. 

 PATHOLOGIC FEATURES 
Independent of the causative agent or the clinical condition 
responsible for ATIN, the principal morphologic features 
that characterize it are an increase in interstitial volume, 
mainly because of edema; mononuclear cell in  ltrates of 
varying degrees and distribution; tubular injury and degen-
eration of differing severity, which in general are localized to 
the sites of the greatest cellular in  ltrates; and the transfor-
mation of tubular epithelial cells into migratory   broblasts 
that cross the basement membrane (Fig. 35.1). The glomer-
uli are generally spared, but may show some degree of peri-
glomerular in  ltrates and ischemic change except in ATIN 
associated with nephrotic syndrome, where an effacement of 
the podocyte foot processes is seen on electron microscopy. 
Although the extent and severity of each of the tubulointer-
stitial lesions show some correlation with the level of reduc-
tion in GFR, the closest correlation appears to be with the 
in  ltrative process. The interstitial in  ltrative lesions may be 

and precise descriptive terms  acute tubulointerstitial nephri-
tis (ATIN) and  acute tubulointerstitial nephropathy are used 
now. 1,11 The preferential use of  tubulointerstitial stems from 
the fact that although the dominant morphologic features 
are those evident in the interstitium, the tubules also are 
affected, albeit to a degree that may be dif  cult to detect in 
some cases on light microscopy. Importantly, and indepen-
dent of the severity of their structural injury, the  disorders 
of tubular function constitute a characteristic component 
of the disordered kidney function and differentiate this 
entity from other forms of AKI due to glomerular or vas-
cular disease. In fact, tubular dysfunction is an invariable 
accompanying feature of the reduction in glomerular   l-
tration rate (GFR) in ATIN and, as a rule, precedes any 
clinically evident decrease in GFR. 1 In addition, although 
the interstitial cellular in  ltrates contribute signi  cantly 
to the pathogenesis of the disease, there is increasing evi-
dence that the tubules play an important role in the pro-
cessing and presentation of the antigenic stimulus and the 
immunopathogenesis of the disease process. 12–15 Although 
ATIN may be suspected clinically, its diagnosis depends on 
the presence of characteristic morphologic changes of the 
renal parenchyma. The adjective  acute refers to the sud-
den onset and rapid progression of the clinical features of 

 FIGURE 35.1 The pathologic features of a kidney biopsy in acute tubulointertitial nephritis. Compared to a normal kidney  (A) , there 
is increased interstitial space between the tubules showing edema  (B) ; interstitial in  ltration by mononuclear in  ammatory cells and 
bilobed eosinophils (C) ; and variable manifestations of tubular injury  (D)  showing peritubular in  ltrating cells disrupting the tubular 
basement membrane or “tubulitis” and epithelial-mesenchymal transition (EMT). 
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its epithelial cell lining, so-called “tubulitis,” which is char-
acteristic of ATIN (Fig. 35.1D). Granulomatous reactions, 
multinucleated epithelioid cells, and polymorphonuclear 
leukocytes are detected in cases with marked  tubular injury 
that display tubulitis. Another feature of tubular  injury is the 
phenotypic change of their lining epithelial cells into migrat-
ing   broblasts, so-called epithelial-mesenchymal transition 
(EMT) (Fig. 35.1D), an event considered to herald the onset 
of   brosis. 15 Even in the absence of evident epithelial cell 
injury on light microscopy, an electron microscopy reveals 
structural cell changes, the loss of the brush border, and the 
fragmentation or lamination of the TBM. As a rule, immu-
no  uorescent studies are not revealing. Scant and nonspe-
ci  c granular staining for immunoglobulins, usually without 
complement, may be detected along the TBM. In rare drug-
induced cases, linear deposits of immunoglobulin G (IgG) 
and complement (C3) may be present, indicating antibodies 
directed against tubular membrane antigens. 1,8,9

There is increasing evidence for a participatory role 
of the epithelial cells in the pathogenesis of ATIN. 8,9,13–15

The enhanced expression of the human leukocyte antigen 
(HLA) class II antigens (HLA-DR) of injured tubular epi-
thelial cells has been demonstrated, but shows no corre-
lation with the intensity or phenotype of the in  ltrating 
interstitial cells. 20 The overall pro  le of immunocompetent 
cells identi  ed in ATIN suggests an important pathogenetic 
role for cell-mediated immunity in which the epithelial, 
vascular, and in  ltrating cells are active and participating 
components.8,9,21–24

 PATHOGENESIS 
The immune response implicated in the pathogenesis of 
ATIN can be categorized into three phases: an antigen ex-
pression and recognition phase, an integrative or regulatory 
phase, and an effector or mediator phase (Fig. 35.2). In the 
  rst phase, either the resident peritubular interstitial cells 
or the injured tubular epithelial cells, which express major 
histocompatibility complex (MHC) class II, may function as 
antigen presenters. 1,25

The subsequent integrative or regulatory phase may 
suppress or intensify the reaction to the stimulus provided 
by the antigen-presenting cells. This is a rather complicated 
phase of the immune response, in which T cells and anti-
bodies directed at the presented antigen play a central role. 
Locally produced cytokines implicate a participatory role for 
the resident interstitial, tubular epithelial, and vascular peri-
cytes and endothelial cells in this regulatory phase. 13,14,24,25

The exposure of tubular epithelial cells (TECs) to selected 
insults or toxins results in the activation of the TECs and 
their expression of various growth factors and chemokines, 
such as interleukins (IL), monocyte chemoattractant proteins 
(MCP), MHC, vascular endothelial growth factor (VEGF), 
transforming growth factor (TGF), and regulated on activa-
tion, normal T expressed and secreted (RANTES). 26,27 In this 
phase, the subsequent bidirectional cross-talk between the 

diffuse but usually are patchy in distribution and are most 
evident in the cortex and corticomedullary junction, and less 
commonly in the outer medulla of the kidney. When the 
in  ltrating cells are meager, they show a focal peritubular 
distribution that is most evident in the corticomedullary re-
gion; when profuse, they are more prominent at certain foci 
but literally obscure the normal appearance of the tubules 
and extend to the periglomerular space (Fig. 35.1C). Diffuse 
in  ltrative lesions are associated with higher levels of serum 
creatinine and a poorer prognosis for recovery than patchy 
in  ltrative ones. 1,8,9

The in  ltrating cells are composed mostly of mononucle-
ar cells, lymphocytes, and plasma cells, and rarely, polymor-
phonuclear cells and macrophages. The prognosis  appears to 
be less favorable when 1% to 6% of the interstitial in  ltrat-
ing cells are composed of neutrophilic granulocytes. 1,9 By the 
same token, an increase in the number of macrophages (usu-
ally  10%) and the presence of granulomatous reactions are 
associated with a prolonged course of AKI and varying de-
grees of residual impairment of kidney function. 1,9,16 When 
present, eosinophils are sparse and constitute only a small 
component of the in  ltrating cells, except in occasional cases 
of antibiotic-induced ATIN, where they may be marked. The 
presence of in  ltrating eosinophils shows no relation to the 
increased eosinophilia or the presence of urinary eosinophils 
that also occur in drug-induced ATIN. A role for a speci  c 
eosinophil chemoattractant cytokine, eotaxin, which is ex-
pressed in the kidney, has been proposed as a mechanism for 
the tissue eosinophilia of ATIN. 17,18

An immunologic characterization and an analysis of the 
interstitial cellular in  ltrates reveals that most (up to 80%) of 
the mononuclear cells are activated T lymphocytes. B lym-
phocytes also are present but constitute a much smaller por-
tion of the cellular in  ltrates, being highest in cases due to 
nonsteroidal anti-in  ammatory drugs (NSAIDs). 1,8 The in-
  ltrating T cells are predominantly CD4   and CD8   cells. 
In most cases, the CD4 variety predominates over the CD8 
variety. 1,19 Natural killer lymphocytes are rare; when pres-
ent, they constitute only a small proportion of the in  ltrat-
ing cells. 18 A slight prevalence (just over 50%) of the CD8  
subset has been reported in cases of ATIN associated with 
massive proteinuria after exposure to NSAIDs. 8,9 The rele-
vance of this observation to massive proteinuria as a feature 
of ATIN is unknown. 1,19 Convincing evidence has been ad-
vanced that the in  ltrating cells are antigenically activated 
and immunologically engaged in the pathogenesis of the 
lesions. However, no diagnostic pattern of markers or cell 
types has come to be identi  ed with the lesions associated 
with any speci  c form of ATIN. 1,20

Variable degrees of tubular injury usually are present, 
but tubular atrophy is absent. The tubular lesions are most 
evident at the site of the greatest concentration of in  ltrat-
ing cells. They usually are focal and are more severe in the 
proximity of in  ltrating cells. A distinguishing lesion that 
results from these localized peritubular in  ltrates is the 
disruption of the tubular basement membrane (TBM) and 
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( metalloproteinases [MP]; tissue inhibitor metalloproteinases 
[TIMP-1]; reactive oxygen radicals; ferric ion), or    brogenic  
[TGF-   , PDGF, IL-1, IL-6, TNF, plasminogen activator in-
hibitor (PAI)]. Evidence also exists for possible protective 
cytokines that can favorably modify the proin  ammatory 
sequence of events. 27  The resultant integration, during the 
regulatory and effector phases, either suppresses the effector 
phase, as in mild forms of ATIN, or ampli  es it, as in severe 
forms of ATIN. Ultimately, feedback mechanisms and the re-
moval of the inciting agent restore the response to injury to its 
baseline dormant state with consequent recovery of normal 
kidney function or residual permanent damage. 1,18,24,28–31  

 The bulk of the available information about the phases 
of the immune response and the interstitial in  ammatory re-
action in ATIN derives from studies in experimental animals, 
particularly in models of recombinant rats and mice. 9,26,29,32

Unfortunately, there are no animal models that correspond to 
the reaction that occurs in human ATIN. A principal limitation 
of human studies is that the data derived from kidney biopsies 
provide information only at   xed moments in the course of a 
lesion that is an evolving process. The same limitation applies 
to the serologic data provided in clinical studies that are ob-
tained at a   xed period, usually when the lesion is well estab-
lished and often at its worst, with limited or no data available 
on the onset or resolution phases of the lesion. These limita-
tions notwithstanding, considerable evidence has accrued for a 
role of the principal immunologic mechanisms—cell-mediated 
injury, anti-TBM antibodies, immune complex deposition—in 
the pathogenesis of ATIN. Although there is evidence that all 
three mechanisms may be operative to varying degrees in dif-
ferent patients, the bulk of the available information favors a 
predominant role for cell-mediated injury. 8,9,25  

 Contrary to the extensive experimental data in sup-
port of anti-TBM disease from animal models of interstitial 
 disease, anti-TBM antibodies have been detected only rarely 

TECs and the recruited in  ltrating in  ammatory cells, either 
by soluble factors or by direct contact, ultimately modu-
lates the course of renal involvement and its potential for 
 reversibility. 

 The   nal effector or mediator phase is mediated primar-
ily by humoral factors released by the in  ltrating cells, with 
the TECs and vascular pericytes playing a participatory role. 
The cytotoxic cells may induce injury by the release of pro-
teases, and the inducer cells may do so by the release of lym-
phokines, which in addition to a direct detrimental action, 
augment the role of the macrophages. In turn, the release of 
collagenases, elastases, and reactive oxygen species by the 
macrophages magni  es the injury initiated by the lympho-
cytes. Lymphokines also promote   broblast proliferation 
and alter the balance in favor of increased matrix synthesis 
rather than removal. 8,13,14,26  

 In the   nal analysis, it is the presence of a rather wide 
range of activated mononuclear cells and their interaction 
with each other and with renal parenchymal cells during the 
integrative and regulatory phases that is potentially damag-
ing to the kidney (Table 35.1). Several of the cellular (epi-
thelial, endothelial, lymphocytes, macrophages) signals have 
varying, often overlapping, functions that interact to modu-
late or amplify the in  ammatory reaction of ATIN. Some of 
those that have been identi  ed include cell surface markers 
that have either  antigenic  (MHC, HLA class II, secreted pro-
tein acidic and rich in protein [SPARC]) or  adhesive  (intercel-
lular [ICAM-1] and vascular [VCAM-1] adhesion molecules, 
integrins, selectins) properties. Others are  chemoattractant  
MCP-1; osteopontin; macrophage in  ammatory protein-1 
(MIP-1); eotaxin; RANTES,  proin  ammatory  (interleukin 
[IL]-6 and IL-8; TGF-   ; platelet-derived growth factor-    
[PDGF-   ]; granulocyte–monocyte colony-stimulating factor 
[GM-CSF]; tumor necrosis factor-      [TNF-     ]),   vasoactive  (ad-
enosine;  nitrous oxide [NO]; endothelin-1 [ET-1]),  cytotoxic  

 FIGURE 35.2 The pathogenic pathways 
 implicated in acute tubulointerstitial nephritis. 
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ATIN. The cases in which granular deposits of IgG have been 
detected have been in patients with Sjögren syndrome 32  and 
systemic lupus erythematosus, 29,30  the underlying disease 
mechanism of which accounts for the deposition of immune 
complexes in the kidneys as well as other body organs. 
Granular deposits in other, more common forms of ATIN are 
rare and never a dominant feature. 

 By contrast, the evidence in favor of cell-mediated dis-
ease is overwhelming. The in  ltrating cells are antigenically 
activated. T-cell reactivity has been demonstrated from in vi-
tro studies of lymphocyte stimulation. 19,22,32–34  Comparative 
studies of ATIN due to NSAIDs or antibiotics have failed to 
reveal signi  cant differences in the overall percentage com-
position of T cells, B cells, and monocytes. 20  The reported 
differences in in  ltrating cell subtypes can be due to indi-
vidual genetic background, the nature of the insult, and the 
point in time during the course of the disease when biopsies 
were obtained. Nevertheless, it is clear that where sought, 
activated antigens have been demonstrated on the surface 
of the in  ltrating cells, and plasma cells containing IgE, IgA, 
IgG, and IgM have been detected. However, no diagnostic 
pattern of markers or in  ltrating cells has emerged. 1,20  

 FUNCTIONAL MANIFESTATIONS 
 The principal manifestations of ATIN are those of tubular 
dysfunction, which is one reason that the term  tubulointer-
stitial nephritis  was introduced in preference to the initial ap-
pellation of  interstitial nephritis.  As a rule, tubular dysfunction 
precedes the onset of azotemia, which in turn precedes that 
of oliguria. As such, vigilance to clinically evident abnormali-
ties of tubular function, including polyuria, is essential to the 
early detection of ATIN during its initial reversible stages. 

 Because of the focal nature of the lesions and the seg-
mental nature of normal tubular function, the pattern of 
tubular dysfunction that results varies depending on the 
major site of injury, whereas the extent of damage deter-
mines the severity of tubular dysfunction (Fig. 35.3). The 
principal hallmarks of glomerular disease, such as salt reten-
tion, edema, and hypertension, characteristically are absent. 
However, massive proteinuria does occur in ATIN as a result 
of NSAIDs use and, occasionally, antibiotic use. 8–10,34  In ad-
dition to the direct injury to epithelial cells that may account 
for tubular dysfunction, changes in the interstitial volume 
and composition contribute to the functional abnormali-
ties that develop. A major part of the reabsorbed or secreted 
tubular   uid has to traverse a true interstitial space. 35  The 
structure, composition, and permeability characteristics of 
the interstitial space must, out of necessity, exert an effect on 
such an exchange. A change in any of these parameters of 
the interstitium or those of the epithelial cell tight junctions, 
by delaying equilibration or exchange processes, could ac-
count for the functional alterations of the renal tubule that 
develop in ATIN (Fig. 35.3). It also is possible that changes 
in the pressure of the supporting interstitium, which are 
transmitted to the periarterial space, could affect the blood 

TA B L E

13.2

Antigenic cell surface markers
 Major histocompatibility complex (MHC)
 HLA class II
 Secreted protein acidic and rich in protein (SPARC)

Adhesive cell surface makers
 Intracellular adhesion molecule 1 (ICAM-1)
 Vascular adhesion molecule 1 (VCAM-1)
 Integrins
 Selectins

Chemoattractants
 Monocyte chemoattractant protein 1 (MCP-1)
 Regulated on activation, normal T-cell expressed and 

 secreted (RANTES)
 Macrophage in  ammatory protein-1 (MIP-1)
 Eotaxin

Proin  ammatory cytokines
 Interleukin-6 (IL-6)
 IL-8
 Transforming growth factor   (TGF- )
 Granulocyte monocyte-colony stimulating factor 

 (GM-CSF)
 Platelet derived growth factor   (PDGF- )
 Tumor necrosis factor   (TNF- )

Vasoactive substances
 Adenosine
 Nitric oxide (NO)
 Endothelin 1 (ET-1)

Cytotoxic substances
 Metalloproteinases (MP)
 Tissue inhibitor metalloproteinases (TIMP-1)
 Reactive oxygen species (ROS)
 Ferric ion

Pro  brotic cytokines
 TGF- 
 PDGF
 IL-1
 IL-6
 TNF
 Plasminogen activator inhibitor (PAI)

 Immunomodulatory Signals Involved 
in the Pathogenesis of Acute 
Tubulointerstitial Nephritis 

TA B L ETA B L E

35.1

in  human ATIN. 1  The dearth of evidence for anti–TBM- 
mediated disease is far from convincing for an important 
role, if any, of this mechanism in human ATIN. The same 
limitations apply for a role of immune complex–mediated 
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of Henle and the medullary collecting duct. The change 
in the normal function of each of the affected segments 
then determines the manifestations of tubular dysfunction 
(Table 35.2 and Fig 35.3). Lesions principally affecting the 
proximal tubule result in bicarbonaturia (proximal renal tu-
bular acidosis), glucosuria (renal glucosuria), aminoaciduria, 
 2-microglobinuria, phosphaturia, and uricosuria. 1 The latter 
two events can be valuable in suggesting the possibility of tu-
bulointerstitial disease when the serum phosphate and urate 
levels are lower than expected in any patient with reduced 
kidney function. The presence of glucosuria when blood sug-
ar levels are normal should always lead to a consideration of 
ATIN. The distal nephron segment secretes hydrogen and po-
tassium and regulates the   nal amount of sodium chloride ex-
creted. Lesions primarily affecting the distal tubule will result 
in the distal form of renal tubular acidosis, hyperkalemia, and 
salt wasting. Lesions that primarily involve the corticomedul-
lary junction disproportionately affect the loops of Henle, the 
collecting ducts, and other medullary structures essential to 
achieving and maintaining medullary hypertonicity, resulting 
in different degrees of nephrogenic diabetes insipidus, poly-
uria, and nocturia. Because of the reduced proximal tubular 
reabsorption and the disrupted medullary function, a polyuric 
phase almost always precedes the onset of oliguria in ATIN. 1

Although this general framework is useful in localiz-
ing the site of injury, considerable overlap is encountered 

  ow to the adjacent tubule and thereby cause further tubu-
lar dysfunction. Tubular alterations also may be re  ected in 
reductions of the GFR through tubuloglomerular feedback 
as the function of the affected proximal tubular segments be-
comes compromised and both the rate and the load of solute 
delivery to the macula densa are altered. 1 Furthermore, the 
increase in hydrostatic pressure of the edematous intersti-
tium, as has been demonstrated in allograft rejections, may 
adversely affect the intra-arteriolar pressure and may cause a 
reduction of the hydrostatic pressure transmitted to the glo-
merular capillaries. In addition, a vasoactive effect of the cy-
tokines, eicosanoids, and reactive oxygen species elaborated 
by the interstitial in  ltrating cells and injured epithelial cells 
may affect renal hemodynamics through the increased pro-
duction of vasoconstrictive substances, such as thromboxane 
A2 and leukotrienes, and through the decreased production 
of vasodilators, such as nitric oxide, by the injured proximal 
tubule cells. 36–38 Evidence for a role for cytokines released 
by the in  ltrating cells in the reduction of renal blood   ow 
and GFR has been advanced from studies of an experimental 
model of acute obstructive nephropathy that is characterized 
by acute mononuclear cell in  ltrates. 39

The tubulointerstitial lesions usually are principally lo-
calized in the cortex and corticomedullary junction. Corti-
cal lesions predominantly affect either the proximal tubule 
or the distal tubule. Corticomedullary lesions affect the loop 

 FIGURE 35.3 A schematic representation of the sites of tubular dysfunction in acute tubulointerstitial nephritis. The abnormalities 
are shown in bold lettering and their clinical manifestations are shown in regular lettering. The  boxed arrows  indicate the principal 
changes re  ected in blood and urine tests. The  arrows  indicate the directional changes.  PCT, proximal convoluted tubule; DCT, distal 
convoluted tubule; Loop, loop of Henle; CD, collecting duct; Sp. Gr., speci  c gravity; FENa, fractional excretion of sodium; PO4 , phosphate; 
CO 2  , carbon dioxide content. 
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classic clinical manifestations of a hypersensitivity reaction, 
around which general variation occurs depending on the 
causative agent and individual variation occurs depending 
on the particular case encountered clinically. 8,9,21,25  

 In most cases, symptoms develop several days or even 
weeks after exposure to the inciting agent, which in the 
case of drugs, is not dose dependent. The classic triad of 
low-grade fever (35% to 70%),   eeting skin rash (25% to 
40%), and mild eosinophilia (35% to 60%) described with 
 methicillin-induced ATIN is not always present, and certainly 
it is less common for all three to occur together. Their doc-
umentation depends to some degree on the vigilance with 
which they are sought because they may be mild and tran-
sient. The full triad was noted to be present in approximately 
20% of cases of methicillin-induced ATIN, but the triad was 
noted only in less than 10% of cases of ATIN induced by oth-
er drugs in which any one of them (fever, rash, or eosinophil-
ia) is less likely to occur than with methicillin. 8,9,11,41  The skin 
rash consists of erythematous maculopapular lesions, which 
often are pruritic, and preferentially affect the trunk and the 
proximal portion of the extremities. Flank pain or a sense 
of fullness, re  ecting edema-induced distention of the renal 
capsule, may be present in over one-third of the cases when 
queried and may be the presenting symptom in some cases. 42

Gross hematuria, another presenting feature, may be pres-
ent in 5% to 15% of drug-induced ATIN cases. A  transient 

 clinically with different degrees of proximal, distal, and med-
ullary dysfunction present in any one patient, all of which 
usually precede any clinically detectable changes in GFR. In 
most cases, however, the reduction in GFR and consequent 
azotemia are the presenting clinical abnormalities calling at-
tention to the acute kidney injury. Preceding or coexistent 
evidence of tubular dysfunction, unless speci  cally sought, 
may go undetected and may either delay the diagnosis or re-
sult in the wrong clinical diagnosis. One can only speculate 
on the number of cases of ATIN that go undetected clinically 
because of the presence of tubular dysfunction alone in the 
absence of signi  cant azotemia or oliguria—hence the im-
portance of monitoring for tubular dysfunction in patients 
exposed to agents known to be associated with ATIN, and the 
necessity of documenting tubular dysfunction in those with 
mild azotemia to marshal evidence for the diagnosis of ATIN, 
before its progression to kidney failure (Table 35.2). Impor-
tantly, it is at this early stage of the disease that the lesions of 
ATIN are potentially reversible and responsive to therapy. 8,9,40

 CLINICAL FEATURES 
 The clinical presentation of individual cases of ATIN is diverse 
and varies to some degree depending on the  causative factor 
(Table 35.3). The manifestations best characterized in meth-
icillin-induced ATIN can be considered the  prototypically 

TA B L E

 Causes, Principal Sites of Injury, and Patterns of Tubular Dysfunction in Acute 
Tubulointerstitial Nephropathies 

Site of Injury  Causes  Tubular Dysfunction  Clinical Manifestation

Cortex

 Proximal tubule  Antibiotics
Multiple myeloma
Immunologic diseases
Neoplastic diseases
Idiopathic

↓  Reabsorption: Na , 
glucose, HCO3

–, urate, 
PO4, amino acids

Glucosuria, hypouricemia, 
hypophosphatemia, 
 aminoaciduria, alkaline 
urine, acidemia

 Distal tubule  Antibiotics
Immunologic diseases
NSAIDs
Idiopathic

↓  Secretion: H , K 
↓  Reabsorption Na 

Alkaline urine, acidemia, 
 hyperkalemia, inability to 
preserve sodium

 Medulla and 
papilla

Infections
Analgesics
NSAIDs
Disorders of uric acid, 

 calcium, oxalate
Immunologic diseases
Idiopathic

↓  Reabsorption: Na 
↓  Concentrating ability

Polyuria, nocturia, inability to 
preserve sodium

 NSAIDs, nonsteroidal anti-in  ammatory drugs. 

TA B L E
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eosinophiluria, although useful, is neither necessary nor suf-
  cient for the diagnosis of ATIN. It is regrettable that com-
pared to urine examinations for eosinophils in the diagnosis 
of ATIN, it is rare that attempts are made for the detection of 
speci  c tubular dysfunctions characteristic of ATIN such as 
renal glucosuria, increased fractional excretion of uric acid, 
an inability to concentrate the urine maximally, and to con-
serve sodium. 1  

 The impairment in kidney function varies, ranging from 
discrete selective abnormalities of tubular function to frank 
kidney failure, with or without oliguria. 1,8,9,11  As a rule, in-
crements in blood urea nitrogen and serum creatinine de-
velop after tubular dysfunction is detectable and while the 
patient is still nonoliguric or even polyuric. Oliguria devel-
ops if early features of ATIN, modest azotemia, decrements 
in estimated GFR, and evidence of tubular dysfunction go 
undetected and exposure to the offending agent continues. 
Kidney injury is more likely to occur in older patients and 
is more severe in those who become oliguric. The duration 
of the oliguric period is variable, ranging from a few days to 
several weeks. Supportive renal replacement therapy may be 
required in approximately one-third of those patients. Re-
versal of kidney injury and a return to baseline kidney func-
tion is the rule in the majority of cases (about 60% to 65%). 
Irreversible kidney injury can occur but is rare (about 5% 
to 10%), whereas partial recovery with a persistent impair-
ment of kidney function is relatively more common (10% 
to 20%), especially in cases where interstitial   brosis and 
granulomas are present in biopsy specimens. 8,9,11,21  

 Increased kidney size on ultrasonography, re  ecting an 
interstitial edema, is common but nondiagnostic. Radioactive 
gallium uptake by the kidney, re  ecting interstitial cellular 
 in  ltration, can be detected in one-third of cases, but lacks 
 diagnostic speci  city. 46  This modality may be particularly use-
ful when a kidney biopsy is contraindicated or is dif  cult to 
perform in severely ill patients. 46  The lymphocyte  stimulation 

 eosinophilia, often in methillin-induced ATIN (~60%) and 
less commonly with other drugs (~30%), is present, but may 
go undetected unless speci  cally sought. A history of arthral-
gia may be elicited in more than one-fourth of cases. 8,9,21  

 A urinalysis can be helpful in the diagnosis (Table 35.3). 
Proteinuria, hematuria, and pyuria are present in most cases. 
The proteinuria is mild, seldom exceeds 2 g per day, and only 
rarely is in the nephrotic range, except in those cases due to 
NSAIDs. 8,9,11  Microscopic hematuria is present in 70% to 
90% of cases; rarely, red blood cell casts may be  detected. 
The pyuria is nonspeci  c except when eosinophils are de-
tected in appropriately prepared and carefully examined uri-
nary sediment. 1,8,9  White blood cell casts occur and are fairly 
characteristic when they contain eosinophils. 43  Although eo-
sinophils may be observed with a Wright stain of well spun 
urinary sediment, the use of a Hansel stain on the sediment 
of an alkalinized urine sample is superior in detecting eosino-
phils. The mere detection of eosinophiluria is not speci  c for 
ATIN. 1,44  The sensitivity of eosinophiluria for the diagnosis of 
ATIN has been estimated to be about 60% and its speci  city 
has been estimated to be 85%, with a positive predictive value 
of 38%. These are   gures derived from retrospective chart 
reviews of cases of clinically suspected ATIN but which were 
not established by a kidney biopsy or de  nite etiology. 44,45  Eo-
sinophiluria is present in approximately 15% of hospitalized 
patients, in whom it usually is caused by a variety of other 
in  ammatory diseases of the urinary tract, and in only 14% of 
those with eosinophiluria is it due to ATIN. 44,45  The presence 
of eosinophiluria is a better predictor of ATIN when more 
than 5% of the urinary leukocytes are eosinophils, in which 
case 40% of the eosinophiluric patients have been estimated 
to have ATIN, as opposed to an incidence of 3.5% in those 
in whom less than 1% are eosinophils. 44,45  Other conditions 
in which an eosinophiluria exceeding 5% may be present are 
urinary tract  obstruction, cystitis, contrast-induced AKI, IgA 
nephropathy, and cholesterol emboli. Thus, the  detection of 
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 Prevalence of Clinical Manifestations of Acute Tubulointerstitial Nephropathies 

Systemic  Urinary

Fever  35%–70%  Gross hematuria  5%–15%

Rash  25%–40%  Micro hematuria  70%–90%

Eosinophilia  30%-60% Proteinuria ( 2 g/d) 70%–85%

Flank pain  25%–40%  Pyuria  70%–80%

Arthralgias  25%–40% FENa  1% ~100%

Hypertension  10%–20%  Eosinophiluria  ? %

 FE Na , fractional excretion of sodium. 
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reveals a low incidence of ATIN. A review of biopsy speci-
mens from patients with unexplained AKI reveals a frequency 
that ranges from 8% to 22%, 7,47–50  which generally is higher 
in the elderly population. 51  Thus, given the very small num-
ber of patients with AKI who are subjected to a kidney bi-
opsy, the necessity of a kidney biopsy to diagnose ATIN, and 
the failure to suspect the diagnosis of ATIN clinically all ren-
der conclusions derived from biopsy reports of limited value 
in estimating the true incidence of ATIN. 7  Furthermore, be-
cause of the variable and often subjective reasons for which 
kidney biopsies are done in different centers, any attempt to 
compare or combine results from different reports would not 
be useful. In cases of clinically evident AKI, ATIN probably 
accounts for approximately 15% to 20% of them. 7–9  

 TREATMENT 
 The primary treatment of ATIN is that of the underlying 
cause if an infection or a systemic disease and the discontin-
uation of the suspected offending agent if it is drug-induced. 
In addition to supportive measures, including dialysis where 
indicated, it is important to inform the patient in order to en-
sure the prevention of reexposure to the incriminated drug. 

 As a hypersensitivity reaction with systemic manifesta-
tions in which steroids are often used, patients with ATIN 
have been treated with corticosteroids. 25  From the outset 
of reported studies in the 1960s, there has been suggestive 
evidence that a short course of treatment with steroids im-
proves the kidney lesions and expedites recovery from drug-
induced ATIN; however, this is not a uniformly observed 
response and the use of steroids has been controversial. 46,50

test can be valuable in the diagnosis of drug- induced ATIN, 
especially in determining the responsible agent in cases of 
multiple-drug therapy. 29,30  The serum level of IgE can be 
 elevated and IgE-containing plasma cells have been demon-
strated among the renal interstitial cellular in  ltrates, provid-
ing further evidence for a hypersensitivity reaction. 25  

 INCIDENCE AND DIAGNOSIS 
 The frequency with which ATIN accounts for cases of clini-
cally encountered AKI is dif  cult to establish. The diagnosis 
of ATIN is based on the   nding of characteristic morpho-
logic features on a kidney biopsy and on the identi  cation of 
the causative factor. Both of these requirements for a correct 
diagnosis are fraught with dif  culties and limitations, lead-
ing to the overall underdiagnosis of ATIN. 

 Part of the dif  culty associated with diagnosing ATIN 
stems from the relatively low index of suspicion with which 
its possibility is considered clinically and the general reluc-
tance to perform a kidney biopsy in cases of AKI in general, 
and in cases of ATIN in particular when symptoms subside 
after the discontinuation of the causative medications. 7  Al-
most all cases of ATIN that have been biopsied have been in 
renal failure. Even if a biopsy is performed, there are dif  cul-
ties in differentiating the lesions of ATIN from those of ATN, 
which is a distinct possibility in most cases of AKI in which 
the prevailing clinical condition could be conducive to either 
ATIN or ATN. 1,6  An essential differential feature between the 
two entities is the magnitude of interstitial edema and cel-
lular in  ltrates, which are more prominent in ATIN, and the 
magnitude of tubular cell injury, which is more prominent 
in ATN (Fig. 35.4). However, given the variable degree to 
which each of these features may be present in each entity, 
there is suf  cient overlap between the extent of edema and 
the severity of tubular injury in ATIN and ATN to make it dif-
  cult to differentiate among them on morphologic features 
alone, at least in some cases. 6,45  There also are dif  culties as-
sociated with identifying the causative factor. Clinically, the 
removal of a suspected agent followed by the reversal of the 
lesion strongly suggests the diagnosis of ATIN. This can be 
particularly convincing in the presence of systemic manifes-
tations of a hypersensitivity reaction, such as fever, skin rash, 
and eosinophilia in addition to AKI, all of which subside on 
the removal of the inciting factor or agent. Dif  culties arise 
when the only manifestation is AKI and when a number of 
corrective measures are instituted simultaneously. Moreover, 
most patients are on several drugs, and there is the expected 
tendency to incriminate the most common and better known 
agents that have been associated with ATIN. 8  The diagnostic 
limitations of removing agents wrongly surmised as a cause 
of ATIN have been shown by studies in which drug-induced 
lymphocyte stimulation testing (DLST) revealed causative 
agents that had not been suspected clinically. 34  

 Most of the   gures quoted in the literature on the inci-
dence of ATIN stem from retrospective studies based on kid-
ney biopsies. A review of unselected kidney biopsy  specimens 

 FIGURE 35.4 A schematic representation of the spectrum of 
structural changes associated with cases of acute renal failure 
due to acute tubulointerstitial nephritis (ATIN) and acute tubular 
necrosis (ATN). (Reproduced from: Eknoyan G. Acute renal failure 
associated with tubulointerstitial nephropathies. In: Brenner BM, 
Lazarus JM, eds.  Acute Renal Failure,  2nd ed. New York: Churchill 
Livingstone; 1988:491, with permission.) 
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consideration given to changes in kidney function. In con-
clusion, unless the possibility of infection-induced ATIN is 
considered seriously and the diagnosis is pursued actively, 
cases of infection-induced ATIN will go undetected, and its 
true incidence will remain underestimated. Nevertheless, 
several new causes of infection-induced ATIN have come to 
be identi  ed since Councilman described their association. 

 Tubulointerstitial lesions may develop in the kidney ei-
ther because of direct invasion of the kidney parenchyma by 
the infective microorganisms or because of reactive changes 
to a nonrenal systemic infection. 

 Invasive Infections 
 The classic and by far the most common example of ATIN 
is due to direct bacterial invasion of the kidney, although 
fungal, viral, and parasitic infections also may account for it. 
The usual forms of pyelonephritis are considered in Chapter 
23 and are not detailed here, except to highlight their dif-
ferential features from ATIN reactive to a systemic infection. 
Apart from the classic local and systemic manifestations of 
acute pyelonephritis that clinically differentiate it from re-
active ATIN, there are distinct morphologic differences be-
tween the two entities that deserve emphasis. Acute bacterial 
pyelonephritis is a focal rather than a diffuse lesion, which 
usually is limited to individual pyramids and rarely affects all 
the pyramids of the kidney. The areas of infection are charac-
teristically wedge-shaped, with the apex directed toward the 
medulla. The infected foci are focal and sharply demarcated 
from the adjoining uninfected parenchyma, and lack the 
tendency to spread laterally. 55  Contrast-enhanced computed 
tomography scans reveal the typical wedge-shaped, nodular, 
hypodense areas corresponding to the distribution of these 

 Unfortunately, no controlled clinical trials are available; all 
reported studies are retrospective in nature, contributing to 
the controversy over the use of steroids. In a retrospective 
evaluation of biopsy-proven cases of ATIN in 2004, the rou-
tine use of steroids was not associated with a statistical differ-
ence in kidney function or outcome. 47  Recent retrospective 
studies report a more rapid and complete recovery when ste-
roids are administered early, within 7 to 14 days of develop-
ing ATIN, at a time that there is absence or only minimal 
interstitial   brosis on a kidney biopsy. 16,21  Nevertheless, the 
use of steroids should be considered in all patients with per-
sistent kidney injury after the inciting agent has been discon-
tinued, and in those whose biopsy reveals granulomatous 
lesions that are associated with an increased risk of perma-
nent kidney injury. 1,8,10,21  Reversals of apparently permanent 
kidney injury after long-term steroid therapy in patients on 
maintenance hemodialysis have been reported. 1,52–54  

 If steroids are used, a response usually is evident rel-
atively early after their initiation. The course of treatment 
should be brief, and the steroids should be discontinued if 
no response is observed after 3 to 4 weeks of therapy. 1,16,52  If 
kidney function improves, steroid therapy should be main-
tained for 4 to 6 weeks with a slow dosage taper. For patients 
who fail to respond to steroids or are intolerant of them, a 
bene  cial effect has been suggested from treatment with my-
cophenolate mofetil. 53  In this report of eight cases of biopsy-
proven ATIN, all of whom had failed to respond to 6 months 
or longer of steroid therapy, treatment with mycophenolate 
for up to 2 years resulted in an average decline of creati-
nine levels by 0.3 mg per deciliter. However, given the long 
duration of the disease in these patients, it is questionable 
that they can actually be considered as cases of true ATIN. 
Whether mycophenolate is equal or superior to steroids as 
an initial therapy for ATIN remains to be addressed. 54  

 Among the causes of ATIN, infections and drugs are the 
most common (Table 35.4). 

 INFECTIONS 
 Infectious causes of ATIN often are overlooked; as a con-
sequence, their diagnosis is missed and their incidence as 
a cause of ATIN is underestimated. This occurs for several 
reasons. First, the introduction of antibiotics led to the eradi-
cation of serious streptococcal infections that were   rst as-
sociated with ATIN. Subsequently, the recognition that these 
antibiotics could also result in ATIN has led to the prefer-
ential consideration of anti-infective drugs as the principal 
cause of ATIN. Second, the hemodynamic changes associ-
ated with severe infections and the potentially nephrotoxic 
antibiotics used for their treatment are usually implicated as 
a cause of any deterioration of kidney function without an 
adequate investigation into ATIN. Third is the common but 
questionable notion that postinfectious acute glomerulone-
phritis is the most common kidney lesion associated with in-
fections. Finally, modest reductions in kidney function and a 
return to baseline as the infection is treated limit the clinical 
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Infections
 Invasive of renal parenchyma
 Reactive to systemic infections

Drugs
 Antibiotics
 Sulfonamides
 Nonsteroidal anti-in  ammatory drugs
 Other drugs

Systemic diseases
 Metabolic disorders
 Immune diseases
 Neoplastic disease

Idiopathic with or without uveitis

 Principal Conditions Associated with 
Acute Tubulointerstitial Nephropathy 
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and eosinophils. The interstitial lesions may be present even 
in the absence of clinically detectable kidney injury. The 
tubular lesions occur during leptospiral migration through 
the renal parenchyma, and during this stage the spirochetes 
can be detected in the urine. Thus, whereas direct tubu-
lar injury by  Leptospira may account for some of the renal 
lesions, evidence exists for a leptospiral antigen-mediated 
immunologic mechanisms of injury. 70–72 Leptospiral outer 
membrane proteins and  lipoproteins have been implicated 
in causing tubular dysfunction and initiating immunologic 
injury by inhibiting Na  -K -Cl– cotransporter activity and 
messenger RNA (mRNA) synthesis in the thick ascending 
limb.71,72 This could account for the polyuria and hypo-
kalemia frequently seen in these cases. Furthermore, the 
experimental exposure of cultured proximal and thick 
ascending limb cells to the leptospiral outer membrane 
proteins results in the activation of a proin  ammatory cas-
cade, with increased induction gene expression of nuclear 
factor-kappaB (NF-  B), iNOS, MCP-1, and TNF-  .70,71 The 
superimposition of shock and volume depletion in severe 
cases of the disease may further contribute to the tubular 
lesions, and the structural changes observed may represent 
the cumulative effect of both direct invasion and ischemia, 
possibly coupled with an immune injury. 1

Although the interstitial changes may persist for several 
months in an occasional patient, usually with persistent spi-
rochetes in the urine, in most cases the renal changes sub-
side within a few weeks after the resolution of the disease 
with appropriate antibiotic therapy. In these usual cases, 
kidney function returns to normal, whereas in those who 
develop a chronic carrier state the leptospira localize in the 
kidney,   brosis and tubular atrophy develop, and permanent 
impairment of kidney function ensues. 1,73

 Hantavirus Infection 
The once mysterious entities of “hemorrhagic fever with re-
nal syndrome” in Asia and “nephropathia epidemica” in Eu-
rope are now recognized as due to infection with one of the 
related RNA viruses of the Hantavirus genus, which belong 
to the family of Bunyviridae. The availability of serologic 
tests for the speci  c antibodies, which appear early in the 
course of the infection and may persist inde  nitely, now al-
lows for the easier diagnosis of this once enigmatic disease 
that mimics several of the features of leptospirosis. 74,75

The renal lesions consist of the classic changes of ATIN. 
They are most prominent in the outer medulla and the cor-
ticomedullary junction, and together with the hallmarks of 
Hantavirus nephropathy include vascular congestion and 
interstitial hemorrhage. 74 This accounts for the microhema-
turia and, because of the enlarged kidneys, for the back pain 
present in most cases. The transient heavy proteinuria (  2 g 
per day) noted at the onset of the disease correlates with the 
urinary excretion of IL-6. 76 The severity of the lesions and 
the frequency of renal injury are higher and the prognosis 
is worse in the Asian than in the European and American 
varieties of the infection. 74,77

typical lesions and heavy cellular in  ltrates in pyelonephri-
tis, which are quite distinct from the generalized and diffuse 
changes of ATIN. 46 In the absence of an obstruction, the in-
fection tends to be con  ned to the originally affected lobule 
and to resolve gradually over a period of weeks. An acute 
reduction in kidney function is rare except in severe cases 
and in those with an obstruction, or when the infection is 
superimposed on a preexisting chronic kidney disease. 56 As 
recovery occurs, the initial polymorphonuclear leukocytic 
in  ltrate is replaced by mononuclear cells and the develop-
ment of streaks of   brous tissue, which account for the corti-
cal scars encountered in such cases. 57

Occasional cases of ATIN have been reported in associa-
tion with otherwise invasive infections such as mycoplasmal 
pneumonia,1 toxoplasmosis, 1 salmonellosis, 58 cytomegalo-
virus infection, 59 infectious mononucleosis, 60 polyomavirus 
infection,1 hantavirus infection, 61 Rocky Mountain spotted 
fever, 1 leptospirosis, 62 Legionnaires’ disease, 63 candidiasis, 1
cryptococcus, 64 Yersinia pseudotuberculosis, 65 Ascaris lum-
bricoides,66 hepatitis A virus, 67 and adenoviral infection. 68

A greater number of such cases are now encountered clini-
cally and recorded in the literature because of the increas-
ing number of immunocompromised hosts such as patients 
with AIDS, transplant recipients, and the elderly. Although 
passage of the implicated organisms through the renal pa-
renchyma and their isolation from the urine has been dem-
onstrated, their localization in the kidney is less well sub-
stantiated. The interstitial cellular in  ltrates are mononuclear 
cells rather than polymorphonuclear cells, and evidence has 
been advanced for an immunologic mechanism responsible 
for the renal reaction elicited by some of them. 69 Antigenic 
material has been demonstrated in the renal parenchyma of 
humans with ATIN associated with some of these infectious 
agents, such as Mycoplasma, polyomavirus, the rickettsiae 
responsible for Rocky Mountain spotted fever, and lepto-
spira.1,70 The complex nature of the lesions encountered in 
some of these infections can be better appreciated from a 
speci  c consideration of some of them. 

 Leptospirosis 
Acute kidney injury occurs in almost half the cases of lep-
tospirosis, and the degree of kidney involvement often 
determines the gravity of the disease. In fact, in endemic 
areas of the disease, leptospirosis is one of the most com-
mon causes of AKI. 1 Although there might be evidence of 
renal involvement in the preicteric phase of the disease, it is 
in its icteric phase that ATIN develops in conjunction with 
a rapid deterioration of kidney function. The renal lesions 
of leptospirosis are limited exclusively to the tubules and 
the interstitium. They are focal in distribution and are most 
pronounced at the corticomedullary junction, a structural 
feature characteristic of ATIN lesions that are reactive to in-
fections. Initially, interstitial edema and cellular in  ltration 
are minimal but ultimately become prominent, such that 
the whole kidney becomes enlarged, congested, and soft. 
The in  ltrates consist of mononuclear cells, plasma cells, 
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especially kidney involvement, is rare but has been reported 
with fulminant or nonfulminant AHA. In one series, 7.2% 
of patients with AHA presented with AKI, and 33% of this 
group underwent kidney biopsy. The common histopatho-
logic lesions included acute tubular necrosis and ATIN. 85

This is far different from the well-described immunologi-
cally mediated glomerular lesions of hepatitis B and C. The 
mechanism of AHA-associated AKI is unknown, but has 
been attributed to bile salt nephrotoxicity. In most reports, 
the clinical course is benign, although renal recovery can be 
substantially delayed. 69,85

 HIV 
Patients with AIDS constitute a special challenge in the diag-
nosis of ATIN, not only because of their propensity to con-
tract unusual infections, 86 but also because of the number 
of drugs they consume, such as protease inhibitors and sul-
famethoxazole, which can cause ATIN. 87,88 Acute tubuloin-
terstitial nephritis without other features of HIV-associated 
nephropathy is reported in 11% of HIV-positive patients 
who undergo a kidney biopsy. 85 Sometimes, this lesion is 
encountered in the setting of immune reconstitution in-
  ammatory syndrome (IRIS), a multiorgan system disorder 
occurring at the initiation of antiretroviral therapy. 89 Tubu-
lointerstitial nephritis in HIV-positive patients commonly 
presents with normotension, pyuria, and minimal protein-
uria.87,88 The renal lesion consists of a diffuse lymphocytic 
interstitial in  ammation and tubulitis, with sparing of the 
glomeruli.90 Prior to the availability of antiretroviral therapy, 
HIV-positive patients with AKI were often treated with cor-
ticosteroids. In those with an improved renal function after 
steroids, repeat biopsies showed the resolution of concur-
rent interstitial nephritis. 91

 Noninvasive Infections 
Acute tubulointerstitial nephritis may complicate infections 
in the absence of bacteremia and parenchymal invasion of 
the kidneys. Before the availability and widespread use of 
antibiotics, ATIN was a relatively common complication ob-
served at the autopsies of cases of   -hemolytic streptococcal 
infections.1,3,4 Although the lesions of ATIN were noted to 
be more common in cases of scarlet fever, 3 the more severe 
destructive lesions occurred in cases of diphtheria. 4 The 
availability of speci  c vaccines has eradicated diphtheria, 
whereas speci  c antibiotic therapy has ameliorated the se-
verity of streptococcal infections such that, although renal 
lesions continue to occur, their clinical outcome is now more 
favorable. Unlike the relatively later renal changes of strepto-
coccal infections, which occur in the 2nd or 3rd week after 
the onset of the infection and cause typical postinfectious 
acute proliferative glomerulonephritis, the lesions of ATIN 
usually occur early in the course of the infection, often be-
tween the 9th and 12th day of the disease, and in the ab-
sence of edema or hypertension. 1,3,4

In contrast to the detailed morphologic changes report-
ed in the early literature describing this entity, the clinical 

 Polyoma Virus 
Polyoma is a double-stranded DNA virus family, one strain of 
which, the BK virus, commonly causes ATIN. Typically, the vi-
rus is acquired in childhood but remains latent—over 70% of 
adults are seropositive. 78 However, when the immune system 
is compromised, as in AIDS patients and transplant recipients, 
the virus reemerges and causes ATIN. 79,80 Its incidence in kid-
ney transplant recipients is reported to be 3% to 5%, with an 
associated 10% to 50% graft loss among those affected. 81,82 It 
is considered to result from overimmunosuppression; thus its 
incidence has increased with the use of newer, more potent 
immunosuppresants. Decreasing immunosuppression has 
been effective in the management of some cases but is associ-
ated with increased episodes of acute rejection. 81,82

The diagnosis of BK virus nephropathy (BKVN) is based 
on   ndings on a kidney biopsy that are distinct from those 
of acute rejection. This includes tubulitis with an abnormal 
chromatin pattern in the tubular epithelium and intranucle-
ar viral particles on an electron microscopy. 82 The   nding in 
the urine of cells that have viral inclusions, so-called decoy 
cells, are indicative of viral replication in the urinary tract. 
Quantifying viral DNA load is potentially useful for the de-
tection of signi  cant viral reactivation, and can serve as a 
quanti  able surrogate marker of the course of the infection. 81

Biopsy-proven BKVN is always associated with greater than 
104 viral copies per milliliter. 82 There are reports of another 
polyoma virus (the JC virus) associated with ATIN in renal 
transplant recipients; however, this strain is considered less 
virulent than the BK virus. 82

 Candidiasis 
Disseminated candidiasis almost always affects the kidney. 
Candida albicans causes two types of lesions in the kidneys. 
The   rst type, which is relevant to this chapter, occurs during 
the candidemic phase with the initial seeding of the kidney, 
which rapidly elicits an in  ammatory reaction with polymor-
phonuclear in  ltration limited to the renal cortex in 52% to 
82% of cases. 83 Depending on the severity and the extent of 
the lesions, pyuria and candiduria may be the only   ndings, 
with varying degrees of renal insuf  ciency in approximately 
half the cases. When multiplication extends to the tubular lu-
men, they may invade the interstitial tissue and elicit a severe 
interstitial in  ammatory reaction in the medulla. 1

The second type of lesion develops in the more chronic 
form of the infection and results from the multiplication of 
the organisms in the urinary tract, where no limiting in  am-
matory reaction can be elicited. This can result in the pro-
liferation of the organisms into mycelial   laments that form 
occluding bezoars of Candida in the renal pelvis and calyces 
resulting in obstructive nephropathy, hydronephrosis, and 
chronic tubulointerstitial nephritis. 84

 Hepatitis A Virus 
Acute hepatitis A (AHA) is one of the most common in-
fectious diseases worldwide; it is usually self-limiting and 
primarily affects the liver. 69,85 Extrahepatic manifestations, 
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Drug-induced ATIN is an idiosyncratic hypersensitiv-
ity reaction, as evidenced by several facts: It occurs in only 
a small number of people exposed to the drugs; it is not 
dose-related; it often is associated with other systemic mani-
festations of hypersensitivity such as fever, skin rash, eosino-
philia, and arthralgia; the reaction recurs on reexposure to 
the same drug or one of its congeners; circulating antibodies 
to the incriminated drugs have been demonstrated in some 
instances; and laboratory evidence for a hypersensitivity 
reaction has been documented in some cases. In addition, 
the structural features of individual drugs (propionic acid 
derivatives) or those common to some groups of drugs (  -
lactams) do seem to predispose one to the development of 
ATIN. Histologically, drug-induced ATIN can be discrimi-
nated from other types of AKI due to the presence of a T 
lymphocyte rich interstitial in  ltrate. 95 The immunogenicity 
of drugs is thought to depend on their ability to form co-
valent bonds with larger proteins to form a hapten-carrier 
complex, which is an immunogenic molecule that stimulates 
a T- and B-cell immune response. 25,95

 Antibiotics 
Of the several antibiotics that have been incriminated as a 
cause of ATIN, most share the   -lactam structural ring—
penicillin, its derivatives, and the cephalosporins. 

 Methicillin 
Methicillin is the agent with the highest incidence of drug- 
induced ATIN and the one in which the clinical features of this 
side effect of antibiotics are best characterized. 1,8,11 The mean 
period of drug administration before the renal lesions occur is 
approximately 15 days, with a reported range of 10 to 45 days. 
The incidence of ATIN has been estimated to be approximately 
2% of those exposed to the drug and increases to 15% in those 
who are exposed to it for over 2 weeks. 96 In those who experi-
ence a reaction, subsequent exposure to methicillin results in 
the recurrence after a much shorter period of exposure and 
at lower doses of the drug. With the reduced clinical use of 
methicillin, there has been a reduction in the number of cases 
encountered clinically and reported in the literature. 

Systemic manifestations of a hypersensitivity reaction 
are a dominant feature of methicillin-induced ATIN, and 
are more evident than in most other drug-induced ATIN 
(Table 35.3). Characteristically, drug-induced fever appears 
after the initial fever caused by the infection has subsided 
following the initiation of methicillin therapy. The recur-
rent episode of fever usually is accompanied by a skin rash, 
eosinophilia, and arthralgias. The skin rash is   eeting and 
consists of erythematous, often pruritic, maculopapular le-
sions that are present in 30% to 50% of cases. Eosinophilia 
is common (60%) but transient, as is the eosinophiliuria. 
Arthralgias are nonspeci  c and less common (10% to 20%) 
than other systemic manifestations. 1,8,9,21

As a rule, patients are polyuric as kidney function be-
gins to deteriorate, and when the AKI is   rst detected, it 
is nonoliguric in two-thirds of patients. Independent of 

information provided is sparse. Where noted, proteinuria 
and pyuria were said to be common. 4 In a careful study of 
the urinary sediment of 14 children with scarlet fever, ab-
normal sediment was reported to be present in all cases. In 
larger series, the urinary sediment is noted as being abnor-
mal in only 50% to 60% of the cases. 1

The lesions described by Councilman 2 are much less 
rarely noted in the current literature, and most of the avail-
able information on them dates back to the preantibiotic or 
early antibiotic periods, although they continue to be en-
countered, particularly in children, 92 and must be considered 
in streptococcal infections with AKI in the absence of hyper-
tension and edema, and with normal complement levels.93

 Drugs 
Drugs have emerged as the most common cause of ATIN. 
Drug-induced ATIN has been observed in 6.5% to 27% of 
all renal biopsy samples when only cases of unexplained 
AKI are considered. 7,21 First described in conjunction with 
the sulfonamides used in the 1940s, the lesion was next re-
ported to occur during penicillin therapy in the 1950s, and 
was ultimately best characterized in patients treated with 
methicillin in the 1960s. 8,9 Since then, the number of drugs 
implicated as a cause of ATIN continues to increase. The 
most common causes of drug-induced ATIN are antibiot-
ics and NSAIDs. 8,94 Although the implicated mechanisms 
and the general morphologic feature on a kidney biopsy are 
the same as those described with methicillin, the clinical 
presentation of drug-induced ATIN is variable with other 
drugs. Symptoms range from asymptomatic to  constitutional
(fevers, chills),   ank pain, or arthralgias. The presentation is 
usually nonoliguric, and rarely with the triad of eosinophil-
ia, fever, or skin rash. 21 The blood may show elevated IgE or 
an increased sedimentation rate, and the urine may contain 
red blood cells or white blood cell casts. 12,13,21

The association of ATIN with most of the incriminated 
drugs is quite rare and often based on individual case re-
ports. The evidence for a causative role of the drug is merely 
circumstantial, particularly in the absence of a kidney bi-
opsy. Even in cases where a kidney biopsy is available, the 
possibility of ATIN due to the underlying infection or of 
ATN due to the hemodynamic instability of infected patients 
could make an interpretation of the biopsy dif  cult and the 
attribution of ATIN to the implicated drug suspect, espe-
cially in instances where only a single case is reported in the 
literature. In cases where a kidney biopsy is not available for 
documentation, the acute deterioration of kidney function 
and abnormal urinary sediment, even in the presence of the 
eosinophiluria used to implicate ATIN, may be due to any of 
the other possible causes, such as preexisting kidney disease, 
acute tubular necrosis, postinfectious glomerulonephritis, or 
a direct nephrotoxic effect of the implicated agent or one of 
the coadministered drugs. The latter possibility is particu-
larly confounding because any one of the multiple agents 
used in the treatment of most patients can be responsible for 
ATIN, even when least suspected. 1,34
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strongly supportive of ATIN due to an allergic hypersensi-
tivity reaction to the drug as the most common lesion of 
rifampin-induced AKI. The severity of AKI due to ATIN is 
variable. Dialysis may be required in some patients in whom 
prolonged oliguria develops. The course of renal injury usu-
ally is favorable, with the return of kidney function to nor-
mal in most cases after the withdrawal of rifampin, although 
a residual impairment of renal function may occur in some. 
The role of steroids in accelerating recovery from rifampin-
induced ATIN is undetermined. The lesion has occurred in a 
patient who was receiving steroids for other reasons. 1

 Penicillin and Congeners 
Acute tubulointerstitial nephritis that is clinically and patho-
logically undifferentiable from that described with methi-
cillin also occurs with penicillin and its congeners, but is 
much less common than with methicillin. The dose of peni-
cillin used has been fairly large, 12 to 60 million U per day, 
although ATIN has been reported at lower doses and even 
after a single dose. 104

Other penicillin derivatives that have been associ-
ated with the lesions of ATIN are, in descending order of 
frequency, ampicillin, oxacillin, carbenicillin, nafcillin, and 
oxacillin and amoxicillin. 102,105

 Cephalosporins 
Acute tubulointerstitial nephritis also has been noted with 
the cephalosporins. It is more common with cephalothin, 
followed in descending order of frequency by cephalexin, 
cephradine, cefoxitin, cefazolin, cefaclor, cefotaxime, cefo-
tetan, cefoperazone, cephaloridine, cefamandole, ceftriax-
one, and cephapirin. 8,106–109

 Linezolid 
Linezolid is the   rst member of the oxazolidinone class and 
is a generally well-tolerated oral agent active against most 
methicillin-resistant gram-positive bacteria. It has been 
linked with an increasing number of hypersensitivity reac-
tions, including ATIN. In reported cases, ATIN developed 
within 2 weeks of initiating the drug, often with systemic 
manifestations (rash, fever, eosinophilia, arthralgias), and 
with renal function recovery with corticosteroids. 110 Most 
linezolid-associated systemic hypersensitivity adverse effects 
correlate with the duration of treatment. 111

 Sulfonamides 
The introduction of sulfonamides in the 1930s heralded a 
new and welcome era in the speci  c treatment of infectious 
diseases. Despite their usefulness and general safety, severe 
adverse reactions were quite common with these agents and 
often necessitated cessation of their use. The introduction of 
antibiotics during the following decade led to a consistent 
decline in the use of sulfonamides until the introduction of 
trimethoprim–sulfamethoxazole (TMP/SMX), 112 when a 
resurgence of adverse reactions attributed to sulfonamides 

the severity of the AKI, the outcome is favorable after the 
withdrawal of methicillin in the majority of cases. The ini-
tial improvement, which is rapid over the   rst few weeks of 
discontinuing methicillin, is followed by a slower return of 
kidney function to normal in most (greater than two-thirds 
of cases), but only to near normal in some 20% of cases. 11,21

Instances of persistent kidney injury are rare (  10%), and 
are more likely in those whose kidney biopsy reveals dif-
fuse in  ltrates, interstitial   brosis, granulomatous reaction, 
and severe tubular injury. 97,98 Recovery is faster and more 
likely in those whose dominant kidney lesions consist of in-
terstitial edema rather than cellular in  ltrates, and when the 
cellular in  ltrates are focal rather than diffuse. 

A metabolic derivative of methicillin, dimethoxyphenyl-
penicilloyl, has been implicated as the inciting antigen on 
the basis of its demonstration by immuno  uorescence tech-
niques along the TBM and the detection of circulating anti-
bodies to dimethoxyphenylpenicilloyl in cases of ATIN. 99

However, neither of these   ndings appears to be speci  c 
to the incidence of ATIN because both have been shown to 
be present in methicillin-treated cases with no evidence of 
acute kidney injury. 1

 Rifampin 
Since the introduction of rifampin (rifampicin) as an anti-
tuberculous agent in 1976, over 150 cases of ATIN have been 
ascribed to it in the literature. As a rule, AKI occurs  during 
intermittent administration of the drug (once or twice weekly), 
and usually appears several months after the insti tution of ther-
apy. A more abrupt onset occurs with rifampin readministra-
tion after a hiatus in its previous daily, uneventful use. ATIN 
during continuous daily rifampin therapy also has been noted. 
However, most cases reported have occurred during intermit-
tent therapy, and the number of cases noted has decreased since 
the intermittent use of the drug has been abandoned. 100,101

Circulating antibodies to rifampin have been detected 
in most, but not all, affected patients, as well as in the serum 
of those without any adverse reaction to the drug. The sug-
gestion has been made that the kidney lesions develop in 
response to a critical level of antigen–antibody complexes 
that accumulate during intermittent rifampin therapy. 102

However, immuno  uorescence staining of kidney biopsy 
specimens for deposits of antibodies to rifampin has been 
negative in most cases, although it has been positive in an 
occasional case. A role for cell-mediated immune injury ap-
pears more likely based on in vitro studies of lymphocyte 
activation on exposure to rifampin. 103

A direct nephrotoxic effect that is slower in onset has 
been reported with rifampin. A kidney biopsy in such cases 
reveals marked proximal tubular injury but very little in-
terstitial in  ltration. 100,101 Actually, the majority of lesions 
of rifampin-induced AKI are those of ATIN. Occasionally, 
glomerular lesions have also been reported. Certainly, the 
accompanying systemic manifestations—eosinophilia, re-
currence on challenge, the reported humoral studies, as well 
as the morphologic features seen on kidney biopsy—are 
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 Other Antibiotics 
The incidence of ATIN with other antibiotics is much less 
than that encountered with methicillin, penicillin congeners, 
and rifampin, except for cipro  oxacin, with which an in-
creasing number of cases continue to be reported. 119–121 Iso-
lated instances of ATIN have been reported with minocycline, 
doxycycline, gentamicin, polymyxin, vancomycin, linco mycin, 
mezlocillin, chloramphenicol, erythromycin,   urithromycin, 
netilmicin, nor  oxacin, tetracycline, ethambutol, telithromy-
cin, moxi  oxacin, and levo  oxacin. 1,8,9,121,122

 Nonsteroidal Anti-In  ammatory Drugs 
NSAIDs provide a relatively effective approach to the treat-
ment of musculoskeletal pain and in  ammation, which are 
among the most common complaints of an aging population. 
As a result, NSAIDs have become one of the most widely pre-
scribed category of drugs. Recent reports of an increased rela-
tive risk for cardiac death associated with NSAIDs are bound 
to have a dampening effect on their widespread use. 123,124

The most serious untoward effects of NSAID use have 
been noted in the gastrointestinal tract and the kidney. The 
renal effects include a reduction in GFR and renal blood   ow, 
acute and chronic renal injury, and abnormalities of sodium 
and potassium homeostasis. 123,125 By far the most common of 
these side effects is the hemodynamically mediated, reversible 
AKI related to the prostaglandin-inhibitory action of these 
agents, which occurs principally in patients with congestive 
heart failure, cirrhosis of the liver, nephrotic syndrome, sep-
ticemia, and volume depletion from any cause. Less common 
has been the development of AKI due to tubulointerstitial 
nephritis, which, unlike other drug-induced ATINs, is fre-
quently associated with massive proteinuria. A necrotizing 
vasculitis also has been reported in a few cases in association 
with fenoprofen, indomethacin, and  diclofenac.1,126

The duration of exposure to NSAIDs before the onset 
of ATIN is variable, ranging from 2 weeks to 18 months; 
as a rule, ATIN develops after prolonged exposure (mean: 
5.4 months) to the incriminated agent. 8,9,21 The propionic 
acid derivatives fenoprofen, ibuprofen, and naproxen ac-
count for approximately three-fourths of the cases report-
ed.124,126,127 Fenoprofen alone has been incriminated for over 
one-half of the reported cases. The lesions have been noted 
after the self-administration of over-the-counter ibuprofen, of 
mefenamate in drug mixtures, and to recur after exposure to 
different NSAIDs of the same group or on reexposure to the 
same agent. 128 Other NSAIDs that have been incriminated in-
clude, in decreasing order of frequency, tolmetin,  zomepirac,
indomethacin, diclofenac, and di  unisal. 1,8 Isolated cases 
have been reported with the use of phenylbutazone, mefe-
namate, phenazone, sulindac, noramidopyrine,   urbiprofen, 
and piroxicam. 8 Contrary to initial expectations, they also 
occur with the selective cyclooxygenase-2– inhibitory agents 
such as celecoxib, rofecoxib, and nimesulide. 9,21

The proteinuria and clinical manifestations of the nephrot-
ic syndrome usually are of insidious onset and  precede the 

was observed, necessitating modi  cation of the warnings in 
the labeling of TMP/SMX. The advent of AIDS with the as-
sociated prophylactic use of TMP/SMX, 112 as well as its use 
in transplant recipients, 113 has led to the increased incidence 
of these side effects. 114,115

The renal effects observed with the initially available, 
less soluble sulfonamides (sulfathiazole, sulfapyridine, sul-
fadiazine) were due to the precipitation of sulfa crystals in 
the renal tubules, with consequent hematuria, obstructive 
uropathy, and kidney injury. The renal lesions consisted of 
focal tubular necrosis, sometimes with sulfa crystals noted 
in the lumen, and with peritubular interstitial in  ltration 
and edema in the affected segments. 116 The introduction of 
more soluble sulfonamides (sul  soxazole, sulfamethoxa-
zole, sulfamerazine, sulfasalazine) made this complication 
less common, but by no means eliminated it. 117,118 An idio-
syncratic hypersensitivity reaction as a cause of the acute 
renal injury, which was recognized from the outset, now 
is the principal cause of the renal adverse effects of sul-
fonamides. The symptoms develop at a mean of 14 days 
after the initiating ther apy. The onset of AKI is generally 
preceded by fever and skin rashes of varying severity. Eo-
sinophilia is an accompanying   nding in most cases. Unlike 
antibiotic-induced ATIN, there may be evidence of multiple 
organ  involvement (heart, liver, lungs) in patients who have 
sulfonamide-induced ATIN. The kidney injury is reversible 
after the withdrawal of the drug and the institution of steroid 
therapy, although residual    brosis and tubular atrophy with 
persistent impairment of renal function may occur. 117,118

The predisposition of patients to idiosyncratic reactions has 
been attributed to individual differences in the metabolism 
of sulfonamides. Those who develop idiosyncratic reactions 
are slow acetylators of sulfonamide, which leads to the ac-
cumulation of drug metabolites that can covalently bind to 
cell macromolecules and can cause cell injury, or can elicit 
a secondary immunologic phenomenon. 25 Acute kidney 
injury due to a hypersensitivity reaction also occurs with 
TMP/SMX. The increase in serum creatinine that occurs 
with this agent does not necessarily indicate renal injury 
because trimethoprim interferes with the tubular secretion 
of creatinine, with a consequent increase in the serum cre-
atinine level, without necessarily affecting true glomerular 
  ltration rate. The clinical and  morphologic features of 
ATIN induced by TMP/SMX are identical to those induced 
by other sulfonamides and are due to the sulfamethoxazole 
content. Most of the reported cases of TMP/SMX-induced 
ATIN have been in patients with reduced kidney function 
or in transplant recipients. The propensity of patients with 
reduced kidney function to ATIN has been attributed to the 
accumulation of a toxic metabolite, which predisposes them 
to the adverse effects of the drug, much like that noted in 
the genetically predisposed slow acetylators. Crystalluria 
occurs with the use of high doses of TMP/SMX. In patients 
with severe renal insuf ciency, this could cause further de-
terioration of kidney function without necessarily eliciting 
an allergic reaction. 1,114,115
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steroid therapy, if any, appears to be slow, and the value of 
corticosteroids in this entity remains questionable. 1,8

The pathogenesis of NSAID-associated ATIN remains 
undetermined. The rarity of the lesion despite the wide-
spread use of these agents (estimated at 1 in 5,300 patient-
years of treatment with fenoprofen) supports an  idiosyncratic
reaction. 124

 Protease Inhibitors 
Since 1995, nine protease inhibitors have been approved 
for the treatment of HIV infection: saquinavir, ritonavir, 
tindinavir, nel  navir, lopinavir, atazanavir, fosamprenavir, 
tipranavir, and darunavir. ATIN has been reported with two of 
these agents: indinavir and atazanavir. The former is primarily 
known for its association with crystal nephropathy. It is pos-
sible that the crystalluria (even if asymptomatic) triggers an 
in  ammatory response signi  cant enough to cause ATIN. 88

Atazanivir is a newer protease inhibitor, which has 
been linked to some 10 cases of ATIN since its approval in 
2004.129 In one biopsy series of 22 HIV positive patients on 
antiretroviral therapy, 3 of the 4 cases of ATIN were asso-
ciated with use of atazanavir. All 3 cases resolved after the 
discontinuation of this agent without the use of steroids. 130

 Phenindione 
An increasing number of hypersensitivity reactions were 
noted with the anticoagulant phenindione after its introduc-
tion in 1947. The more common reactions were skin rash, 
fever, diarrhea, blood dyscrasias, stomatitis, and hepatitis, in 
descending order of frequency. The reactions appeared after 
3 to 5 weeks of therapy and continued to progress even after 
discontinuation of the drug, proving fatal in one-half of the 
cases. AKI caused by ATIN, which was  granulomatous in 
some cases, also was reported in approximately 30 cases, 
usually coincident with the development of jaundice and 
hepatotoxicity. ATIN was accompanied by the classic triad 
of skin rash, fever, and eosinophilia, usually with a pro-
longed period of oliguria and death in one-third of the cases 
reported, chronic kidney disease in some, and massive pro-
teinuria in others. 8,9

Because of the high incidence (10%) of these adverse 
side effects and their severity, this agent was prescribed 
much less over the years, leading to the cessation of its man-
ufacture in 1983 for economic reasons. It is, however, still 
available in some countries and as an investigational drug 
in the United States. Phenindione is an inanedione deriva-
tive, or a vitamin K antagonist. Newer agents from this class 
(  uindione, anisoindione, diphenadione) remain in use and 
have been linked with ATIN. 131

 Allopurinol 
Severe hypersensitivity reactions to allopurinol have been 
reported since its introduction in 1963. They have the fea-
tures of a diffuse vasculitis involving multiple organs. 132 The 
symptoms appear approximately 4 weeks after the initiation 

onset of azotemia. Nephrotic syndrome, without renal insuf-
  ciency, may be the only manifestation in approximately 10% 
of cases. On the other hand, kidney injury without nephrotic 
syndrome occurs in approximately 15% of cases. 8,9,11,126 The 
variation in clinical presentation has been attributed to the 
severity of the allergic hypersensitivity reaction, with a more 
rapid course presenting with reduced kidney function and ne-
phrotic syndrome in hyperreactors. 127 The clinical features of 
hypersensitivity reaction (fever, rash, eosinophilia) occur in 
less than 20% of cases, compared with an incidence of over 
80% in patients with methicillin-induced ATIN. The serum 
complement and IgE levels usually are normal, and anti-TBM 
antibodies are absent. Most of the patients reported have 
been older than 60 years of age, which is more a re  ection of 
the greater use of NSAIDs in this age group than of age as a 
predisposing factor. 124 In the diagnosis of proteinuria due to 
NSAIDs, it should be kept in mind that tolmetin can produce 
pseudoproteinuria, due to the effect of its dicarboxylic me-
tabolite on the detection of proteinuria by the acid precipita-
tion (sulfosalicylic acid and trichloroacetic acid) methods. In 
such cases, no proteinuria is detected with dye-impregnated 
reagent strips, electrophoresis, or nephelometry. 1

A histologic examination of the kidney reveals the char-
acteristic changes of ATIN. In some cases, the proportion of 
in  ltrating B lymphocytes and CD8   cells has been more 
than that noted in other forms of ATIN. Eosinophils have 
been observed in one-third of the cases reported and may 
constitute up to 20% of the in  ltrating cells, even when 
eosinophiluria is absent. The glomeruli are minimally al-
tered, if at all, except for the effacement of the podocyte foot 
processes consistent with minimal-change disease.  Mesangial
electron-dense deposits have been noted in rare instances 
in association with modest membranous and subendothe-
lial deposits. Membranous glomerulonephritis, reversible 
after drug withdrawal, has been reported with sulindac and 
other NSAIDs. Immuno  uorescent microscopy is negative, 
although a slight, nonspeci  c focal immuno  uorescence of 
the glomeruli and TBM occasionally has been noted. Granu-
lomatous reactions occur in severe cases. 8,9,21,127

The kidney injury, although insidious in onset, can be 
severe enough on clinical presentation to require  supportive
dialytic therapy in approximately a third of the patients. The 
severity of the kidney injury may stem from the additive 
effects of ATIN, reduced renal blood   ow due to the inhibi-
tion of prostaglandin, altered glomerular permeability, and 
an absence of systemic effects, the latter of which leads to de-
layed diagnosis early in the course of the disease process  until
patients   nally present with nephrotic syndrome and AKI. 
The response to discontinuation of the offending NSAIDs 
has been favorable in most cases, with improvement of kid-
ney failure occurring within a few days, but with a slower 
subsidence of proteinuria over weeks or months. Cases of 
persistent kidney injury have been reported.  Progression of 
the kidney lesion to focal glomerular sclerosis has been noted 
on repeat kidney biopsies in some patients. 1,127 Steroids have 
been used in the treatment of severe cases. The response to 
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cases.145,146 Circulating antibodies to human TBM were 
detected, and linear depos its of anti-TBM antibodies dem-
onstrated along the renal TBM in two cases. 147

 Diuretics 
An acute reduction in kidney function often is associated 
with the use of diuretics. The renal insuf  ciency that results 
usually is prerenal in origin and is a result of the compen-
satory mechanisms mediated by extracellular   uid volume 
depletion induced by the diuretics. Less commonly, the 
deterioration of kidney function is the result of other mecha-
nisms, including direct renal toxicity, such as with mercurial 
diuretics; obstruction, such as with triamterene nephrolithi-
asis; necrotizing vasculitis, such as with thiazides; and occa-
sionally, ATIN that has been noted to occur with furosemide, 
thiazides, triamterene, chlorthalidone, ethacrynic acid, tie-
nilic acid, and indapamide. 8,148 Most of the reported cases 
have been associated with the use of thiazides and furose-
mide, both of which are structurally related to sulfonamides, 
another group of drugs associated with ATIN. A potentiat-
ing role of triamterene used in conjunction with thiazides or 
furo semide has been suggested. 149

Several of the patients with diuretic-induced ATIN had 
preexisting kidney disease, although the lesions also are 
noted in patients with normal kidney function. The dete-
rioration of kidney function usually is insidious in onset but 
may be rapid and lead to oliguric AKI. Systemic symptoms 
of drug-related hypersensitivity reaction (fever, skin rash, 
and eosinophilia) were present in almost all the patients 
reported. The kidney biopsy   ndings were those of classic 
ATIN, with a granulomatous reaction in an occasional case. 
Abatement of symptoms and a return of kidney function 
to baseline have occurred in all patients reported after the 
removal of the incriminated diuretic and the administration 
of steroids to some patients. 1,8,148

Given the frequency with which diuretics are pre-
scribed, the fact that less than 20 cases of ATIN have been 
reported with their use re  ects the relative rarity of diuretic-
induced ATIN. 

 Alternative Medicines 
Alternative or traditional medicines are used by a growing 
number of patients for preventive and palliative care. Due to 
a lack of professional surveillance, speci  c data on systemic 
and kidney toxicity are not easily available. Furthermore, the 
use of alternative medications is not always disclosed to the 
physician. The alternative medicines reported to cause ATIN 
include: cape aloes, uno degatta, taxus celebrica, Tung shueh, 
ephedra, glycyrrhiza, hypericum, and ledum. Most associa-
tions are via case reports or case series with fewer than 10 pa-
tients. It is possible that the cause of AKI is adulteration of 
these drugs with known nephrotoxins, such as NSAIDs or aris-
tolochic acid. Use of alternative medications is more common 
in East Asia or Africa where it is said to be a more common 
and underreported cause of end-stage renal disease (ESRD). 150

of therapy and consist of fever, rather severe generalized skin 
rashes that may be desquamative, eosinophilia, hepatic fail-
ure, and prolonged oliguric kidney injury. 1,132

The structural changes in the kidney are characteristic of 
ATIN, including those of a granulomatous reaction in severe 
cases. Although renal lesions have been reported in patients 
with normal kidney function, most cases have occurred in 
either patients with preexisting kidney disease or in those re-
ceiving other drugs that might themselves cause ATIN. The 
decreased excretion of a toxic metabolite of the drug, pos-
sibly oxypurinol, has been implicated as the inciting agent 
in those with reduced kidney function. A predisposing role 
of thiazides, furosemide, and ampicillin has been implicated 
in those who have experienced a reaction while receiving 
other drugs. 1,21,132

 H 2 -Antagonists and Proton Pump Inhibitors 
H2-Antagonists, including cimetidine and ranitidine, have 
been used to treat acid-related gastrointestinal disorders 
since 1976. Proton pump inhibitors (PPIs) are also used to 
treat acid re  ux and have been in use since 1989; this class 
of drug is now more widely used because of its demonstrat-
ed superiority. Both classes are associated with drug-induced 
ATIN. 8,21

The renal lesions reported with cimetidine are patchy, with 
focal areas of tubule cell injury and interstitial in  ammatory 
in  ltrates consisting of lymphocytes and a few eosinophils. 133

In one carefully studied case report, the presence of in  ltrating 
IgE-producing plasma cells strongly implicates cimetidine in 
a cell-mediated immune reaction. 134 ATIN has also been re-
ported with other H 2-antagonists such as ranitidine.41,133,135,136

Omeprazole was the   rst PPI to be introduced, and now 
six different PPIs are available. ATIN has been reported with 
  ve of them: lansoprazole, 137 omeprazole, 48,138–140 rabepra-
zole,141 esmoprazole, 142 and pantoprazole. 143 The   rst case 
of PPI-induced AIN was described in 1992, and now over 
100 cases have been ascribed to this class of drugs. 9,21 Fewer 
than 10% of PPI-induced ATIN present with the classic symp-
toms of the hypersensitivity syndrome (fever, rash, eosino-
philia); most patients report nonspeci  c complaints such as 
weakness, fatigue, malaise, and anorexia. 122,141,142 Eosinophils 
are identi  ed in up to 83% of the renal biopsy samples. 21,141

In one series of 18 biopsy-proven cases of PPI-induced ATIN, 
reduced kidney function remained present at 6 months. 144

 Phenytoin 
One of the adverse side effects associated with the anticon-
vulsant phenytoin, formerly known as diphenylhydantoin, 
is a delayed hypersensitivity reaction characterized by a 
systemic reaction and ATIN. The systemic manifestations 
include fever, hepatitis, myositis, lymphadenopathy, skin 
rashes that may be exfoliative, eosinophilia, and anemia. 
Nephrotic syndrome has been observed in some patients. 
The lesions are reversible on withdrawal of the drug; ste-
roid treatment has been successfully used in most  reported 
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nephropathy. 161 In the reports of wasp bite– associated ATIN, 
eosinophiluria and eosinophilic in  ltration of the renal pa-
renchyma are common. 

 SYSTEMIC DISEASES 
Although most cases of ATIN are due to a hypersensitivity 
reaction to drugs or infections, an acute deterioration of 
kidney function with the structural changes of ATIN also 
occurs in a variety of systemic diseases. In these, the renal 
involvement is due either to the metabolic disturbances as-
sociated with the underlying disease, the immunologic basis 
of the primary disease process, or the in  ltrative nature of 
the disease (Table 35.4). 

 Metabolic Disorders 
The metabolic disorders in which ATIN develop are those 
due to abnormalities in the metabolism of urate, oxalate, 
calcium, potassium, and heavy metals. 1,162

 Uric Acid 
The kidney, as the major organ responsible for uric acid 
excretion, becomes the principal target organ affected by 
disorders of urate metabolism. Renal involvement results 
from the precipitation of uric acid in the renal parenchyma 
and the urine out  ow tract. Depending on the load of uric 
acid presented to the kidney and the duration of the ex-
posure, the parenchymal lesions that develop are those of 
either an acute or a chronic urate nephropathy. In the acute 
form of urate nephropathy, the renal changes are those of 
an ATIN. 162 The most common condition in which this 
is encountered is in AKI associated with the tumor lysis 
syndrome and in massive soft tissue destruction such as 
rhabdomyolysis. 163

 Oxalate 
The increased metabolic production or intestinal absorption 
of oxalate and its consequent excretion by the kidney almost 
invariably results in the precipitation of calcium oxalate in 
the urine out  ow tract. Microcrystallization   rst occurs in the 
proximal tubule, where oxalate is secreted. However, the le-
sions that develop are more prominent in the medulla, where 
the urine is concentrated and acidi  ed. This results in injury 
of the epithelial cells with interstitial edema and in  ammatory 
cell in  ltration around the injured tubular segments, which is 
characteristic of ATIN. 163,164

When the hyperoxaluria is sudden and massive, such as 
after ethylene glycol ingestion, methoxy  urane anesthesia, 
or the ingestion of star fruit, the acute deterioration of kid-
ney function occurs, the morphologic features of which are 
those of ATIN. 165,166 Otherwise, when the hyperoxaluria is 
modest and chronic, such as in in  ammatory bowel disease, 
the onset of kidney injury is insidious and the lesions are 
those of chronic tubulointerstitial nephritis, although AKI 
associated with enteric hyperoxaluria can occur. 164,167,168

 Antineoplastic Agents 
Antineoplastic agents represent one of the fastest growing 
pharmaceutical markets. Most agents are linked to isolated 
tubular injury or a reduction in the glomerular   ltration rate. 
For example, interstitial nephritis is absent in most cases of 
the archetypal nephrotoxin in this class, cisplatin. 151 Yet, as 
novel agents receive approval, their association with AKI and 
ATIN will continue to grow. 152

In gemcitabine-induced nephritis, crystal deposits with in 
the tubular lumen and subsequent crystal-induced epithe lial 
damage likely instigates ATIN. 153 In a patient receiving le-
nalidomide for multiple myeloma, the diagnosis was suspect-
ed when ATIN recurred on rechallenge, prompting a change 
in chemotherapy. 154 The tyrosine kinase inhibitors (sunitinib 
and sorafenib) are generally well tolerated, but hyper sensitivity 
reactions, including ATIN, have been reported with them. 155

 Other Drugs 
The list of other drugs associated with ATIN continues to 
expand. Most of these have been isolated, single case reports 
of patients who often were using more than one drug. By far 
the most common among these to be associated with ATIN 
are the analgesics glafenin, and its derivatives, antrafenin 
and   octafenin. 8,21 Although direct drug toxicity with le-
sions of ATN has been incriminated as the cause of AKI in 
some of these patients, clinical and laboratory evidence of an 
immunologically mediated hypersensitivity reaction causing 
ATIN has been suf  ciently well documented to justify in-
criminating these agents as a cause of ATIN. 8,10

Other drugs that have been implicated are sul  npyr-
azone, aminopyrine, azathioprine, quinine, clo  brate, pro-
pylthiouracil, carbamazepine, amidopyrine, amphetamine, 
phenobarbital, p-aminosalicylic acid, captopril, diltiazem, 
methyldopa, acyclovir, interferon, indinavir, griseofulvin, ifos-
famide, intravenous immunoglobulin, phentermine, phen-
dimetrazine, foscarnet, interleukin, rosiglitazone, etanercept, 
and even aspirin.1,8,155–157

 Snake and Insect Bites 
The kidney is prone to injury due to snake venom toxicity; 
however, the spectrum of renal involvement varies widely. 158

Snakebite-associated toxicities are classi  ed as hemotoxic or 
myotoxic, with the incidence of postbite AKI ranging from 
5% to 29%. Degeneration of the tubular epithelial cells has 
been observed with both types of snake venom. 158 There 
are several case reports linking the Russell’s viper bite to 
ATIN, which is attributed to the metalloproteases present 
in the venom that bind to renal integrins and disrupt the 
cell matrix and cellular adhesion. 158 Apart from speci  c an-
tivenoms, treatment is generally supportive and may include 
plasmapheresis or blood exchange. 

Insect bites, particularly of the Hymenoptera order 
(bees, wasps, etc.) are linked with anaphylactoid and hy-
persensitivity reactions, including ATIN. 159,160 Wasp enven-
omation has been associated with ATN, ATIN, and pigment 
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the kidneys without evidence of extrarenal lesions also can 
occur. 183,184 In  ltration of the kidney is more common in 
non-Hodgkin lymphomas and acute lymphoblastic leuke-
mia than in Hodgkin disease. 183 Leukemic in  ltration of the 
kidney has been noted in two-thirds of patients with leu-
kemia, usually in those with the acute form of the disease. 1
In one large autopsy case series, lymphomatous in  ltrates 
were present in 34% of cases but was diagnosed in only 14% 
before the time of death. 184,185 Renal in  ltrates usually are 
bilateral and symmetrical and may go undetected unless ex-
tensive parenchymal in  ltration occurs, in which case   ank 
pain, palpable, tender kidneys, gross hematuria, and AKI are 
the presenting   ndings. 184,185 The in  ltrates are localized to 
the interstitium and compress the tubules but sparing the 
glomeruli, thereby mimicking the classic morphologic fea-
tures of an ATIN. Irradiation of the kidneys or systemic che-
motherapy can result in a dramatic reversal of the structural 
and functional abnormalities. 185

 Plasma Cell Dyscrasias 
The renal complications of plasma cell dyscrasias are a ma-
jor cause of morbidity and mortality in patients with mul-
tiple myeloma. AKI occurs in approximately 10% of these 
patients, and chronic kidney disease is present in more than 
two-thirds of them. 1,186

The pathogenesis of AKI is multifactorial. 186,187 The 
acute lesions directly related to multiple myeloma, the so-
called myeloma cast nephropathy, are those that result from 
the excessive production of light chains and their precipita-
tion as dimers in the distal tubules. As a result, varying de-
grees of injury, necrosis, and regeneration of the tubular epi-
thelial cells occur, with interstitial edema and in  ammatory 
cellular in  ltration. Immuno  uorescent study of the kidney 
tissue can provide the de  nitive diagnosis when   uorescence 
is positive for speci  c sera for either    or   light chains. 187

 IDIOPATHIC ACUTE 
TUBULOINTERSTITIAL NEPHRITIS 
Since the entity of idiopathic ATIN was   rst recorded in the 
literature in 1972, an increasing number of cases of ATIN 
in the absence of exposure to drugs, infections, or any of 
the other conditions usually associated with ATIN have been 
reported. 8,9,21

The only common feature of these cases has been the 
presence of reversible AKI and the   nding of edema and a 
mononuclear in  ammatory in  ltration of the interstitium on 
a kidney biopsy. Although certain laboratory features of a hy-
persensitivity reaction (elevated IgE levels, eosinophilic in  l-
trate, and eosinophiluria) are present in some of the  cases,
the systemic manifestations of a hypersensitivity reaction 
(fever, arthralgia, rash) are characteristically absent.  Linear
deposits of IgG, C3, and anti-TBM antibodies have been de-
tected on immuno  uorescent studies of kidney  biopsies in 
some cases and granular deposits of C3 and IgG were seen 

 Immune Diseases 
Diseases due to an immune mechanism primarily affect the 
glomeruli, with secondary involvement of the tubules and the 
interstitium. Primary tubulointerstitial nephritis  mediated
by an underlying altered immune mechanism is extremely 
rare in humans. The two conditions in which an immune 
mechanism may result in AKI primarily due to tubulointer-
stitial lesions, with only limited glomerular involvement, are 
a transplanted kidney and systemic lupus erythematosus. 1,9

The diagnosis of ATIN in kidney transplant recipients 
can be challenging. 169 Despite the numerous medications 
these patients receive, drug-induced ATIN is an uncommon 
cause of AKI in them. Drug-induced ATIN lesions can re-
semble acute cellular rejection morphologically, and both en-
tities can show improvement after steroid therapy. Although 
in  ltrating eosinophils can be seen in acute cellular rejec-
tion, their presence and localization at the corticomedullary 
junction and the presence of granulomatous lesions are sug-
gestive of drug-induced ATIN, whereas that of tubulitis is a 
de  ning feature of an allograft rejection. 170,171 Clinically, the 
diagnosis is compounded by the fact that allograft recipients 
are prone to infection-induced ATIN, such as cytomegalic 
virus,172 adenovirus, 173 and polyoma virus. 174

In systemic lupus erythematosus, the glomerular lesions 
are the main renal complication. There are fewer than 20  cases
reported demonstrating predominant tubulointerstitial lupus 
nephritis with only minimal glomerular abnormalities.175

AKI with prominent tubulointerstitial lesions may  occur
in other diseases due to altered immune mechanisms, but 
again, only rarely in the absence of glomerular lesions. These 
diseases are Sjögren syndrome, mixed cryoglobulinemia, 
anti-neutrophil cytoplasmic antibody–associated vasculitis, 
crescentic glomerulonephritis, sarcoidosis, IgA nephropa-
thy, primary biliary cirrhosis, and autoimmune pancreati-
tis.176–179 ATIN is also associated with in  ammatory bowel 
disease that is unrelated to calcium oxalate deposition or 
5-aminosalicylic acid use. 180,181

 Neoplastic Diseases 
An acute deterioration of kidney function may occur in any 
neoplastic disease, either because of direct invasion of the 
kidney or the urinary tract by malignant cells or because 
of the metabolic disorders (hypercalcemia, hyperuricemia) 
that may be caused by the malignancy. The institution of 
antineoplastic therapy, which may itself be nephrotoxic or 
can magnify the existing tumor-related metabolic disorder 
(hyperuricemia), is another mechanism of the acute renal 
injury experienced by these patients. 182 Lymphoproliferative 
disorders and plasma cell dyscrasias are the two neoplastic 
diseases in which ATIN due to neoplastic cellular in  ltrates 
is a principal cause of the AKI. 1,183

 Lymphoproliferative Disorders 
The kidney is one of the most common extranodal sites of 
metastatic lymphomas, although a primary lymphoma in 
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pediatric medical literature. 195 The cause remains  unde  ned 
but has been presumed to be the result of an autoimmune 
process in genetically predisposed individuals or a reac-
tion to an as yet undetermined viral infection. It has been 
described in individual cases of toxoplasmosis, tuber-
culosis, giardiasis, chlamydiosis, and Epstein-Barr virus 
infection.195–197 The demonstration of circulating immune 
complexes in some cases has led to the suggestion of a role 
for an immune- mediated process. Urinary   2-microglobulin 
and serum Krebs von den Lunge–6 (KL-6) protein have been 
reported as potential diagnostic markers. 195 The occurrence 
of hyperthyroidism with TINU syndrome suggests that thy-
roid function should be measured in all TINU patients. 198,199

Both the ocular and renal changes respond to a brief course 
of steroid treatment, but can relapse. Spontaneous remission 
without steroid treatment has been reported, primarily in 
children; hence, the reluctance to use steroids in this age 
group. 194–197 Uveitis may be asymptomatic, indicating the 
need for ophthalmologic examination in all cases of idio-
pathic ATIN. 200 Uveitis can precede the onset of ATIN or a 
relapse without any renal manifestations, in which instances 
it responds to topical steroid or cycloplegic treatment. 195 In 
children and adolescents, the long-term prognosis is good, 
with the recovery of kidney function and no documented 
visual loss. In adults, the prognosis is less favorable and 
kidney injury requiring dialysis may develop, particularly if 
steroid therapy is withheld. 
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