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Acute Interstitial Nephritis (AIN)  

- Infectious 

- Bacterial, rarely fungal (pyelonephritis), dominated by neutrophilic granulocytes 

- Viruses (EBV, CMV, adenovirus, hantavirus, polyomavirus), rickettsia, parasites 

(usually dominated by mononuclear cells)  

- Noninfectious (dominated by mononuclear cells) 

- Drugs (allergic/hypersensitivity AIN) (usually many eosinophil granulocytes) 

- Antibiotics ï most common 

- Proton pump inhibitors ï 2
nd

 most common 

- NSAID ï 3
rd

 most common 

- Many other drugs 

- Autoimmune diseases  

- SLE 

- Sjögren syndrome 

- IgG4-related  

- TINU syndrome 

- Mixed connective tissue disease  

- Anti-TBM antibodies  

- Sarcoidosis   

- Reactive AIN (glomerulonephritis, vasculitis)   

- Metabolic disease (e.g. oxalate nephropathy, gout) 

- Rare familial forms 

- Monoclonal gammopathy-associated   

- Idiopathic   

 



Acute Nonbacterial Interstitial Nephritis

Clinical Symptoms

ÅMostly nonspecific

ÅAcute Kidney Injury

ÅSterile pyuria (sometimes WBC casts)

ÅMild proteinuria

ÅMicroscopic hematuria



DRUG-INDUCED (HYPERSENSITIVITY) 

INTERSTITIAL NEPHRITIS

Clinical Symptoms

Symptoms follow drug exposure (days, weeks, 

sometimes months)

ïSymptoms similar to other forms of interstitial 

nephritis (see previous slide)

ïThere are certain symptoms that are more 

common, such as

Åeosinophiluria

Åskin rash

ÅFever

Åperipheral eosinophilia



Acute Interstitial Nephritis

Urine Sediment

eosinophils



Acute (nonbacterial) Interstitial Nephritis 

Microscopic Findings

ÅInterstitial inflammatory cell infiltrate
ïMainly mononuclear cells

ïEosinophils common in hypersensitivity interstitial nephritis 
(drugs)

ïPlasma cells, polymorphonuclear leukocytes may occur

ÅInterstitial edema

ÅTubular epithelial injury with infiltration of the tubular 
epithelium by inflammatory cells (tubulitis)

ÅGranuloma formation may occur
ïCommon in sarcoidosis but granulomas may occur in other 

forms of interstitial nephritis (such as in drug-induced forms)



Interstitial inflammation



Interstitial eosinophils in drug-induced interstitial nephritis.

H&E



IgG4 positive plasma cells in IgG4 disease-associated interstitial

nephritis



Granulomatous interstitial nephritis



Giant cells with calcium deposits ïPatient with sarcoidosis



CAUSES OF GRANULOMATOUS INTERSTITIAL NEPHRITIS  

Infection 

Tuberculosis 

Fungal Infections 

Brucellosis 

Parasites 

Drugs (e.g. penicillins, fluoroquinolones, nitrofurantoin, allopurinol, proton pump inhibitors, 

nonsteroidal anti-inflammatory drugs [NSAIDs], diphenylhydantoin, 5-amlinosalicylic acid,  

Sarcoidosis   

Tubulointerstitial nephritis and uveitis syndrome (TINU)   

Granulomatous vasculitis (Wegenerôs)   

Oxalosis 

Gout 

Cholesterol granuloma   

Idiopathic   

 



58-year-old Caucasian female with history of ulcerative colitis but 
normal renal function previously.

On presentation she had fever and serum creatinine (S. Cr.) of 3.7 
mg/dl.

S. cr. rapidly increased to 5 mg/dl.

No eosinophilia, edema or rash.

Urinalysis showed numerous WBCs.

Urine cultures ðlow numbers of Enterobacter, Candida.

Urine leukocyte esterase test positive.

Negative serologies (ANCA, ANA anti -GBM hepatitis panel, serum 
complements).

Sample Case: Clinical History



Mixed inflammatory cell infiltrates with some interstitial eosinophils and 

numerous neutrophil granulocytes in tubules 



PMNs infiltrating tubules



Tubular microabscess



Diagnosis

ÅAcute interstitial nephritis with features suggestive 
of acute pyelonephritis.

Note: Considering the history of fever, pyuria, urine culture 
results and histologic findings, acute pyelonephritis should be 
considered. 

ÅClinical Management:
- Treatment with antibiotics, but she did not show any improvement  
after 2 weeks

- Case was again reviewed



Patient had history of inflammatory bowel disease. She was receiving 
Asacol (Mesalamine/5 -aminosalicylic acid) for a few months. 

The possibility of severe drug -induced interstitial nephritis was raised

Patient recovered normal renal function after stopping the drug and 
administration of steroids.



Teaching points

Therapy is very different : 

Acute pyelonephritis ðantibiotics

Allergic drug -induced tubulointerstitial nephritis ðsteroids

Careful and detailed clinical history is very important!!!

The kidney has limited ways of responding to injurious stimuli.

Therefore overlapping morphologic patterns are commonly seen in many 
renal diseases, including interstitial nephritis.

Neutrophil leukocytes forming microabscesses in pyelonephritis may be 
missed in a needle biopsy but, more importantly, severe acute 
nonbacterial interstitial nephritis biopsies may contain focally numerous 
neutrophil granulocytes



Teaching points

Acute pyelonephritis in native kidneys rarely 
causes acute renal failure , 

- unless it is severe and bilateral (e.g., 
secondary to bilateral urinary tract 
obstruction, neurogenic bladder, severe 
reflux) 

- or is associated with urosepsis 

- Clinical symptoms of acute pyelonephritis in 
such cases are usually obvious and kidney 
biopsy is not performed



Acute pyelonephritis in native kidney

ÅClassic clinical tetrad ïFever, costovertebral angle 

tenderness, positive urine culture, leukocytosis.

ÅFemales commonly affected.

ÅYoung children, newborns ïnonspecific symptoms                               

Poor feeding, vomiting, irritability, fever alone.

ÅMay be unilateral depending on the anatomic situation 

and pathogenesis (acute suppurative nephritis 

secondary to sepsis is always bilateral)

ÅFor acute kidney injury to develop, the disease must be 

severe and usually bilateral.

ÅRenal biopsy is contraindicated if the clinical picture is 

classic.



Biopsy may be performed with atypical 

clinical presentation

ÅThe typical tetrad of symptoms may not always be 

present.
- Fevers, costovertebral angle tenderness, positive urine cultures.

ÅElderly patients with septicemia may present with non-

specific symptoms.
- Altered mental status and acute renal failure.

ÅRenal dysfunction does not improve despite antibiotic 

treatment.

ÅAbsence of positive urine cultures and/or significant 

bacteriuria

ÅMultiple co-morbidities such as diabetes mellitus, history 

of recurrent lower UTIs, now has renal dysfunction.



Morphologic features in biopsy with acute 

pyelonephritis

ÅSuppurative inflammation with abundant PMNs in the 

interstitium, neutrophilic tubulitis, and clusters of PMNs 

and apoptotic cell debris in tubules, forming 

ñmicroabscessesò.

ÅAscending infection - Inflammation in the renal pelvis, 

calyces, may extend into the cortex.

ÅBlood stream infection or after infectious emboli (e.g., in 

bacterial endocarditis) - Mainly cortical abscesses (may 

be glomerulocentric) .

ÅThe renal involvement/inflammation is usually 

focal/zonal.



Zonal pattern of inflammation



Tubular microabscesses





A diagnostic pitfall: ATN with apoptotic debris, resembling microabscesses



Acute Pyelonephritis in Kidney Transplants

ÅHigh risk population for infection ïimmunosuppressed.

ÅUTIs are the most common infections in renal transplant 

recipients, despite prophylactic antibiotics.

ÅPotential risk factor for poor graft outcome.

ÅDiagnosis is often difficult, because of many other 

concurrent problems such as rejection, non-compliance 

with medications, dehydration, cardiac problems, drug 

toxicity (calcineurin-inhibitors, mTOR inhibitors).

ÅMost common during the first year post transplant. 

Strictures at the vesicoureteral junction, female gender, 

history of CMV infection are risk factors. 



Acute pyelonephritis in kidney transplants ï
Need for biopsy

Å Absence of the classic clinical tetrad ïFever, costovertebral angle 

tenderness, positive urine culture, leukocytosis.

Å Symptoms of fever, graft tenderness may be less prominent 

because of immunosuppression and denervated graft, but these 

sypmtoms may also occur in acute rejection.

Å Leukocytosis may not manifest in immunosuppressed patients.

Å Acute graft dysfunction is the presenting feature, similar to acute 

rejection.

Å Urine cultures may not be consistently positive, since patients are on 

antibiotic and antifungal prophylaxis.

Å Colony counts on urine culture, may be low (<105 CFU/ml).

Å Therefore unlike in the native kidney where diagnosis of acute 

pyelonephritis is usually based on clinical examination, in transplant 

patients renal allograft biopsy is commonly required.



Transplant Case - Clinical History

Å 71 year old Caucasian female with deceased donor kidney 

transplant 

Å Native kidney disease: diabetic nephropathy.

Å Thymoglobulin induction, Neoral, Rapamycin maintenance 

immunosuppressive regimen.

Å Delayed graft function with serum creatinine between 5 to 7 mg/dl.

Å Panel reactive antibodies (PRA) Class I: 0 and Class II: 50 at the 

time of transplant but negative flow cross-matches.

Å Baseline biopsy showed mild subcapsular scarring.

Å Urine cultures grew Klebsiella pneumoniae >100,000 CFU/ml.

Å Biopsy performed 12 days post-transplant.



Zonal distribution of inflammation


