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Pr esen tation of C a se

Dr. Joshua Z. Drago (Medicine): A 71-year-old man was transferred to this hospital 
because of worsening renal function and hematuria.

Three weeks before this admission, the patient’s wife became ill with chills, 
fatigue, and myalgias, and she thought she had influenza. A few days later, the 
patient reportedly had a subjective fever, with intermittent shaking chills, fatigue, 
malaise, anorexia, and mild diffuse myalgias. He noted that he had reduced his 
fluid intake and that his urine had become darker. His symptoms were temporarily 
relieved with the administration of acetaminophen.

Approximately 10 days before this admission, the patient was evaluated by his 
primary care physician, who thought the patient was dehydrated. Laboratory tests 
were performed, and the results came back later that day, revealing a serum creati-
nine level of 4.9 mg per deciliter (433 μmol per liter; reference range, 0.6 to 1.4 mg 
per deciliter [53 to 124 μmol per liter]); the creatinine level had been 0.8 mg per 
deciliter (71 μmol per liter) 2 months earlier. He was referred to the emergency 
department of another hospital.

On evaluation at the other hospital, the patient reported persistent constitutional 
symptoms, intermittent lower abdominal cramping, and increased darkening of the 
urine, which had become the color of cola. The temperature was 36.9°C, the heart 
rate 87 beats per minute, the blood pressure 153/82 mm Hg, and the oxygen satu-
ration 98% while he was breathing ambient air. The weight was 103.2 kg, and the 
mucous membranes were moist. The remainder of the examination was normal. 
Testing of a nasopharyngeal swab for influenza A and B viruses was negative, and 
a urine culture was obtained; other laboratory test results are shown in Table 1. 
Imaging studies were obtained.

A chest radiograph was reportedly normal. Computed tomography (CT) of the 
abdomen and pelvis, performed without the intravenous administration of contrast 
material, reportedly revealed bilateral renal cysts without evidence of hydronephro-
sis, diverticulosis without evidence of diverticulitis, cholelithiasis without evidence 
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of cholecystitis, and vascular calcifications of the 
abdominal aorta, with an abdominal aortic an-
eurysm (3.9 cm in diameter).

Intravenous normal saline was administered, 
and the patient was admitted to the other hospi-
tal. His outpatient medications were aspirin, ator-
vastatin, amlodipine with benazepril, metformin, 
cholecalciferol, and n–3 fatty acids, as well as 
ibuprofen every other day for knee pain. Ibupro-
fen, aspirin, benazepril, and metformin were dis-
continued on admission.

Renal ultrasonography revealed normal-sized 
kidneys (13.3 cm on the right and 11.8 cm on 
the left), with bilateral cysts (≤5.5 cm in diameter), 
including one with a thin septation, and no evi-
dence of hydronephrosis. A nephrology consul-
tation was obtained; additional test results are 
shown in Table 1. On hospital day 4, the creatinine 
level decreased to 3.2 mg per deciliter (283 μmol 
per liter), but over the next 2 days, hematuria 
occurred and the creatinine level increased to 
3.9 mg per deciliter (345 μmol per liter). Exami-
nation of the urinary sediment revealed red cells, 
red-cell casts, and white-cell casts. Empirical treat-
ment with intravenous methylprednisolone was 
started, and a plan was made for kidney biopsy.

Because the patient had temperatures of up to 
37.7°C and persistent leukocytosis, two sets of 
blood cultures were obtained. Two days later, 
gram-negative rods grew in the two anaerobic 
bottles. Treatment with intravenous ceftriaxone 
was started, and methylprednisolone was discon-
tinued. Repeat cultures of the blood and urine 
were obtained, ceftriaxone was discontinued, 
and treatment with cefepime and aztreonam was 
started.

Repeat CT of the abdomen and pelvis, per-
formed without the intravenous administration of 
contrast material, revealed an increased amount 
of perinephric f luid without evidence of a dis-
crete abscess. It also revealed a hyperintense 
renal cyst (0.9 cm in diameter) in the right upper 
pole, new evidence of presacral fat stranding, 
and trace bilateral pleural effusions. An echocar-
diogram showed normal ventricular function and 
no valvular calcifications. On hospital day 11, the 
creatinine level was 3.0 mg per deciliter (265 μmol 
per liter), and the patient requested transfer to 
this hospital.

On evaluation at this hospital, a review of sys-
tems was notable for gross hematuria with brown 
urine, fatigue, low-grade fevers, anorexia, and 

intermittent cough. The patient reported diffuse 
crampy abdominal pain that he rated at 3 on a 
scale ranging from 0 (no pain) to 10 (the most 
severe pain). He reported that he had no dysuria, 
increase in urinary frequency, flank pain, nausea, 
vomiting, pharyngitis, dyspnea, rash, headache, 
or neurologic symptoms.

The patient had a history of impaired glucose 
tolerance, hypertension, hyperlipidemia, abdom-
inal aortic aneurysm, eczema, benign colonic 
polyps, diverticulosis, and osteoarthritis of the 
knees, shoulders, and lumbar spine. He had under-
gone right inguinal hernia repair, as well as radi-
cal prostatectomy for the treatment of prostate 
cancer 16 years previously. He had had no ad-
verse reactions to medications. Several of his 
five young grandchildren had been ill during the 
month before this admission. He had retired 1 year 
earlier from a job in sales, which had involved 
travel to Europe and most recently to Mexico. He 
had drunk 3 or 4 beers daily since he had re-
tired. He had smoked a half pack of cigarettes 
daily for 50 years but had most recently smoked 
a few cigarettes per day. His father had had lung 
cancer and his mother had had diabetes, but 
there was no family history of autoimmune or 
renal disease.

On physical examination, the temperature was 
37.4°C, the heart rate 84 beats per minute, the 
blood pressure 159/90 mm Hg, the respiratory 
rate 18 breaths per minute, and the oxygen satu-
ration 94% while the patient was breathing am-
bient air. The weight was 103.6 kg, the height 
175 cm, and the body-mass index (the weight in 
kilograms divided by the square of the height in 
meters) 33.8. The patient appeared comfortable. 
Dentition was poor, but there were no oropharyn-
geal lesions. Auscultation of the chest revealed 
an early-peaking systolic murmur (grade 2/6) at 
the left base and bibasilar crackles. The abdomen 
was soft, nontender, and nondistended, and there 
was no tenderness at the costovertebral angle. A 
left inguinal hernia was present. There were no 
septic lesions on the nails and no rashes. Voided 
urine was rose-colored, without clots. The rest of 
the examination was normal.

Cultures of the urine and blood were ob-
tained. Blood levels of magnesium, phosphorus, 
alanine aminotransferase, aspartate aminotrans-
ferase, alkaline phosphatase, and bilirubin were 
normal. Other laboratory test results are shown 
in Table 1. Examination of the urinary sediment 
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Variable

Reference Range, 
Adults, Other 

Hospital
On Presentation, 
Other Hospital

Hospital Day 3, 
Other Hospital

Reference Range, 
Adults, This 
Hospital†

On Presentation, 
This Hospital

Blood

Hemoglobin (g/dl) 12.0–17.0 13.5 11.0 12.0–16.0 10.8

Hematocrit (%) 35.0–50.0 39.8 33.6 36.0–46.0 32.1

White-cell count (per mm3) 4500–11,000 16,500 11,600 4500–11,000 16,580

Differential count (%)

Neutrophils 76.1 71.5 40–70

Lymphocytes 12.6 14.5 22–44

Monocytes 9.2 10.2 4–11

Eosinophils 0.6 0.7 0–8

Basophils 0.3 0.3 0–3

Immature granulocytes 1.2 2.8 0–0.9

Platelet count (per mm3) 150,000–400,000 388,000 461,000 150,000–400,000 300,000

Sodium (mmol/liter) 137–146 140 144 135–145 143

Potassium (mmol/liter) 3.5–5.3 4.1 4.0 3.4–5.0 3.5

Chloride (mmol/liter) 98–107 100 109 100–108 107

Carbon dioxide (mmol/liter) 23–32 26 23 23–32 23

Urea nitrogen (mg/dl) 5–25 72 58 8–25 50

Creatinine (mg/dl) 0.6–1.4 4.6 3.9 0.60–1.50 2.78

Glucose (mg/dl) 70–100 101 93 70–110 99

Calcium (mg/dl) 8.6–10.3 8.8 8.5–10.5 7.9

Total protein (g/dl) 6.4–8.3 6.6 6.0–8.3 5.1

Albumin (g/dl) 4.0–5.0 3.0 3.3–5.0 2.4

Glycated hemoglobin (%) 4.3–5.9 5.9

Erythrocyte sedimentation rate (mm/hr) 0–20 82

Antinuclear antibody Negative Negative Negative at 1:40 
and 1:160

Positive at 1:40; 
negative at 1:80 

and 1:160

Antiproteinase 3 antineutrophil cytoplasmic 
antibody

<0.2 U <0.2 U Negative Negative

Antimyeloperoxidase antineutrophil cytoplasmic 
antibody

<0.4 U <0.2 U Negative Negative

C3 (mg/dl) 75–175 153 81–157 114

C4 (mg/dl) 14–40 30 12–39 21

Anti–double-stranded DNA Negative at 1:10 Negative at 1:10

Rheumatoid factor (U/ml) 0–30 31

Hepatitis B surface antigen Negative Negative

Hepatitis B surface antibody Negative Negative

Hepatitis B core antibody Negative Negative

Hepatitis C antibody Negative Negative

Antitreponemal antibody Negative Negative

Prostate-specific antigen (ng/dl) 0–4.0 <0.10

Kappa light chain (mg/liter) 3.3–19.4 32.4

Lambda light chain (mg/liter) 5.7–26.3 30.9

Table 1. Laboratory Data.*
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revealed nondysmorphic red cells that were “too 
numerous to count,” a few granular casts, and 
no cellular casts. Results of serum protein elec-
trophoresis were normal, and a urine test for 
Bence Jones protein was negative.

Dr. Jad S. Husseini: CT of the abdomen and pel-
vis was performed without the intravenous ad-
ministration of contrast material (Fig. 1). There 
was mild bilateral perinephric stranding with no 
hydronephrosis. The kidneys contained multiple, 
bilateral simple renal cortical cysts. There was 
colonic diverticulosis, predominantly involving 

the sigmoid colon, with fat stranding and multi-
ple prominent lymph nodes in the sigmoid mes-
entery. These findings were compatible with 
acute sigmoid diverticulitis. The peritoneum con-
tained a trace amount of free fluid and no free 
air. There were vascular calcifications involving 
the abdominal aorta and its major branches, 
with an infrarenal abdominal aortic aneurysm 
(3.9 cm in diameter). The lung bases were clear. 
There were trace bilateral pleural effusions.

Dr. Drago: Intravenous ceftazidime and metro-
nidazole were administered. On hospital day 2, 

Variable

Reference Range, 
Adults, Other 

Hospital
On Presentation, 
Other Hospital

Hospital Day 3, 
Other Hospital

Reference Range, 
Adults, This 
Hospital†

On Presentation, 
This Hospital

Iron (μg/dl) 45–160 25

Iron-binding capacity (μg/dl) 230–404 146

Ferritin (μg/liter) 20–300 603

Transferrin (mg/dl) 200–360 121

Urine

Color Yellow Yellow Yellow Yellow Rose

Clarity Clear Clear Clear Clear Slightly cloudy

pH 5.0–8.0 5.0 5.0 5.0–9.0 6.0

Specific gravity 1.003–1.030 1.010 1.009 1.001–1.035 1.008

Protein Negative 100 mg/dl 100 mg/dl Negative 2+

Glucose Negative Negative Negative Negative Negative

Ketones Negative Negative Negative Negative Negative

Blood Negative Large Negative Negative 3+

Bilirubin Negative Negative Negative Negative Negative

Nitrite Negative Negative Negative Negative Negative

Leukocyte esterase Negative Negative Negative Negative Negative

Red cells (per high-power field) 0–2 111 35 0–2 >100

Leukocytes (per high-power field) 0–5 15 11 0–2 10–20

Eosinophils (%) 0 2

Bacteria Negative Few Negative 1+

Sodium (mmol/liter) <20 43

Creatinine (mg/dl) 39.0–259.0 101.0 85.0 57

Total protein (mg/dl) 198.3 0–13.5 325.3

Microalbumin (mg/dl) 0–2.0 194.5

Ratio of total protein (in mg) to creatinine (in mg) <0.2 2.3 <0.15 5.71

Ratio of microalbumin (in mg) to creatinine (in g) <30.0 3412.3

*	�To convert the values for urea nitrogen to millimoles per liter, multiply by 0.357. To convert the values for serum creatinine to micromoles 
per liter, multiply by 88.4. To convert the values for glucose to millimoles per liter, multiply by 0.05551. To convert the values for calcium to 
millimoles per liter, multiply by 0.250. To convert the values for iron and iron-binding capacity to micromoles per liter, multiply by 0.1791.

†	�Reference values are affected by many variables, including the patient population and the laboratory methods used. The ranges used at 
Massachusetts General Hospital are for adults who are not pregnant and do not have medical conditions that could affect the results. They 
may therefore not be appropriate for all patients.

Table 1. (Continued.)
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crampy abdominal and suprapubic pain occurred 
and the urine appeared darker red. Diagnostic 
tests were performed.

 Differ en ti a l Di agnosis

Dr. Ronald J. Falk: This 71-year-old man presented 
with rapidly declining kidney function and hema-
turia. His serum creatinine level rose over a period 
of 2 months, from 0.8 to 4.9 mg per deciliter. In 
constructing a differential diagnosis, the first 
step is to determine whether this patient’s de-
clining kidney function is due to an obstructive 

uropathy, a prerenal condition, or intrinsic kid-
ney disease.

The patient had few symptoms involving the 
urinary tract and had no evidence of hydrone-
phrosis on renal ultrasonography, making ob-
structive uropathy an unlikely diagnosis in this 
case. A prerenal insult such as intravascular 
volume depletion would be unlikely to cause the 
degree of acute kidney injury seen in this patient 
in the absence of considerable preexisting kid-
ney disease. Furthermore, the administration of 
intravenous saline did not result in a marked im-
provement in renal function, which also makes 
intravascular volume depletion an unlikely ex-
planation for this patient’s presentation. Medi-
cations that could alter the glomerular filtration 
rate, including nonsteroidal antiinflammatory 
drugs (NSAIDs) and angiotensin-converting–
enzyme inhibitors, had been discontinued. There-
fore, the disease process is most likely intrinsic 
to the kidney.

 Examination of the Urinary Sediment

Much can be gleaned from descriptions of the 
urinary sediment. On initial presentation, the 
urine was described as the color of cola, and ex-
amination of the urinary sediment revealed red 
cells, red-cell casts, and white-cell casts, findings 
suggesting glomerulonephritis.1 The results of 
urinalysis and the deteriorating kidney function 
raised concerns, and treatment with intravenous 
methylprednisolone was started.

The presence of white-cell casts raises the 
possibility of interstitial nephritis. Although in-
terstitial nephritis may be caused by facultative 
gram-negative anaerobes (e.g., yersinia) that are 
acquired during foreign travel,2 interstitial nephri-
tis rarely causes macroscopic hematuria. Given the 
degree of hematuria seen in this patient, intersti-
tial nephritis would be unlikely and other com-
mon causes of hematuria should be considered.

A subsequent examination of the urinary sedi-
ment revealed nondysmorphic red cells and no 
cellular casts, findings suggesting a source of 
bleeding in the urinary tract. Renal ultrasonog-
raphy and CT without contrast enhancement 
revealed simple kidney cysts and one minimally 
complex cystic mass (Bosniak 2 classification) of 
little clinical significance, along with a con-
tracted bladder. Although a source of bleeding in 
the urinary tract cannot be ruled out, it would be 

Figure 1. CT Scan of the Abdomen and Pelvis.

A CT scan of the abdomen and pelvis was obtained with‑
out the intravenous administration of contrast material. 
Coronal images show mild bilateral perinephric strand‑
ing (Panel A, arrows) without evidence of hydronephro‑
sis, multiple diverticula in the sigmoid colon (Panel B, 
arrowheads), and fat stranding in the sigmoid mesen‑
tery (Panel B, arrows).

A

B
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an unlikely cause of rapidly declining kidney 
function in this patient.

Rapidly Progressive Glomerulonephritis

Rapidly progressive glomerulonephritis is the 
most likely diagnosis in this patient, and the 
workup would need to proceed quickly to pre-
vent glomerular and interstitial scarring. Evalu-
ation of the serum complement (C3 and C4) 
levels is very helpful in narrowing the differen-
tial diagnosis. Activation of the classic comple-
ment pathway, which reduces both the C4 level 
and the C3 level, suggests glomerular disease due 
to a process such as systemic lupus erythemato-
sus or cryoglobulinemia. Activation of the alter-
native complement pathway, which results in a 
low C3 level and a normal C4 level, raises the 
possibility of a variety of infectious diseases and 
membranoproliferative glomerulonephritis. In 
this case, the C3 and C4 levels were normal, 
suggesting that the declining kidney function 
was due to a process such as IgA nephropathy, 
antineutrophil cytoplasmic antibody (ANCA)–
positive glomerulonephritis, or anti–glomerular 
basement membrane (GBM) disease (Goodpas-
ture’s syndrome).

This patient had several negative serologic 
tests, including tests specific for hepatitis B and 
C viruses, findings that decrease the likelihood 
of viral glomerulonephritis. A negative anti–
double-stranded DNA test makes the diagnosis of 
systemic lupus erythematosus unlikely, and neg-
ative tests for antiproteinase 3 and antimyeloper-
oxidase antibodies, on two separate occasions, 
decrease the likelihood that ANCAs were driving 
the disease pathogenesis. There is no mention of 
serologic testing for anti-GBM antibodies.

With any diagnosis of glomerulonephritis, 
two separate yet intertwined questions should be 
asked. First, is the inflammatory condition limit-
ed to the kidney, or is it part of a systemic dis-
ease process? The presence of extrarenal mani-
festations aids in narrowing the differential 
diagnosis. For example, a patient could have a 
pulmonary–renal syndrome (e.g., ANCA-positive 
glomerulonephritis or anti-GBM disease) or 
crampy abdominal pain associated with IgA 
vasculitis of the bowel. In this case, crampy ab-
dominal pain is the only extrarenal clue. Second, 
do extrarenal manifestations provide clues to 
the pathogenesis of the disease? In this case, the 

intersection of infection and kidney disease 
sharpens the focus.

Infection and Kidney Disease

Some infections (e.g., hepatitis B or C virus in-
fection, human immunodeficiency virus infec-
tion, syphilis, and staphylococcal infection) may 
cause kidney disease, and some may aggravate 
existing kidney conditions, such as IgA nephrop-
athy or anti-GBM disease, or may drive the cause 
of kidney disease. This case contains many clues. 
Could the patient have received an infection from 
his wife or grandchildren or during his recent 
travel to Mexico? The list of possible transmis-
sions is long. Since the patient was known to 
have diverticular disease, his intermittent lower 
abdominal cramping and discomfort were most 
likely due to colitis or diverticulitis. He began to 
receive antibiotic therapy, which was broadened to 
provide coverage of the gram-negative anaerobes 
that grew in the blood culture. There are over 
two dozen genera of gram-negative anaerobic 
bacilli, and Bacteroides fragilis and Fusobacterium 
nucleatum lead the list of possibilities in this case. 
An endovascular infection of the aortic aneurysm 
or a cardiac valve is possible but unlikely, given 
the absence of vegetations on echocardiography 
and the relatively normal periaortic region on CT.

Gram-Negative Bacteremia  
and Glomerulonephritis

Could the gram-negative bacteremia have con-
tributed to the immunopathogenesis of this pa-
tient’s glomerulonephritis? IgA nephropathy is 
caused by defects of mucosal immunity, and the 
interplay between this glomerular disease and 
intestinal disorders is well documented.3 Flares 
of IgA nephropathy may occur synchronously with 
gastrointestinal infections. Patients with IgA vas-
culitis (Henoch–Schönlein purpura) may present 
with crampy abdominal pain. That said, rapidly 
progressive IgA nephropathy would be a highly 
unusual new diagnosis in a 71-year-old patient 
with no previous episodes of macroscopic hema-
turia. It is possible that he had an ANCA-negative 
necrotizing and crescentic glomerulonephritis 
that mimicked ANCA-positive glomerulonephri-
tis.4 Both IgA nephropathy and ANCA-negative 
glomerulonephritis must remain in the differen-
tial diagnosis.

The most likely diagnosis in this patient is 
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anti-GBM disease — a cause of rapidly progressive 
glomerulonephritis in both the young and the old. 
Anti-GBM disease may cause pulmonary bleed-
ing, but this patient had no evidence of such 
bleeding. Anti-GBM disease does not affect ab-
dominal organs. Do the crampy abdominal pain 
and gram-negative anaerobic bacteremia provide 
insight into the disease process in this patient?

Autoimmune diseases occur as a consequence 
of multiple factors and not a single “hit.” The 
patient must lose immunologic tolerance to the 
autoantigen; specifically, patients with anti-GBM 
disease lose immunologic tolerance to a remark-
ably restricted epitope on the noncollagenous 
domain of the alpha-3 chain of type IV collagen, 
known as alpha-3(IV)NC1 or Goodpasture’s anti-
gen.5,6 This antigen is normally hidden from 
immune surveillance and must undergo a struc-
tural change or “autoantigen conformopathy” to 
permit its interaction with circulating anti-GBM 
antibodies.7

Genetic predisposition and environmental fac-
tors play a role in autoantibody formation and 
autoantigen availability. Anti-GBM disease is 
marked by “spatial and temporal clustering,”8 in-
dicating the importance of genetic and environ-
mental factors. Genetic predisposition is based 
on a very strong HLA association.9 Environmen-
tal risks are numerous and include cigarette 
smoking and infection. Ernest Goodpasture’s 
original case (which may actually have been a 
case of ANCA-positive glomerulonephritis) was 
associated with the influenza outbreak of 1918.10 
The occurrence of seasonal variations of disease 
in spring and early summer suggests infectious 
triggers. In a recent study,11 67% of patients with 
anti-GBM disease had prodromal fever and bac-
terial infections due to a variety of gram-nega-
tive bacteria.

The immunopathogenic potential of microbes 
in anti-GBM disease has been tested in several 
ways. An important human B-cell epitope of 
alpha-3(IV)NC1 overlaps with a T-cell epitope of 
murine anti-GBM disease, suggesting that a 
critical amino acid motif is responsible for auto-
immunity in anti-GBM disease. When this amino 
acid motif was screened against microbial pro-
tein databases, seven microbe-derived peptides 
based on this motif were found. Circulating anti-
bodies to these bacteria were discovered in the 
circulation of patients with anti-GBM disease.12 

Three of these microbial peptides were from 
bacteroides species.

This patient’s anti-GBM disease may be an 
example of molecular mimicry induced by a gram-
negative anaerobe such as bacteroides or other 
gram-negative bacteria that contribute to diver-
ticulitis. There are two other mechanisms by 
which infection may have exacerbated the dis-
ease. First, anti-GBM antibodies can be found in 
the circulation for months or years before the 
manifestation of disease,13 and it is possible that 
a bacteroides infection revved up the produc-
tion of anti-GBM antibodies. Second, the criti-
cal alpha-3(IV)NC1 epitope must undergo auto-
antigen conformopathy,14 and it is possible that 
an infectious milieu exposed the hidden antigen.

There is another diagnostic consideration in 
this case. This patient had much more marked 
proteinuria than would be expected in a patient 
with anti-GBM disease. A protein:creatinine ratio 
of 5.71 would most likely result from perturba-
tion of podocytes induced by another glomerular 
disease. For example, the patient could have had 
concurrent membranous nephropathy associated 
with cancer caused by years of cigarette smoking. 
However, this man, who had obesity and glucose 
intolerance and was receiving metformin, most 
likely had mild concurrent diabetic nephropathy. 
In North America, there is an epidemic of diabe-
tes and diabetic nephropathy that can coexist 
with any glomerular disease.15 To establish the 
diagnosis of anti-GBM disease in this patient, I 
would perform a kidney biopsy.

Dr. David M. Dudzinski (Cardiology): Dr. Fenves, 
what was your clinical impression when you 
evaluated this patient?

Dr. Andrew Z. Fenves: This 71-year-old patient 
had a rapid decline in renal function and active 
urinary sediment with red cells and red-cell casts. 
He had some response to intravenous methyl-
prednisolone. All these findings point to a rapid
ly progressive (crescentic) glomerulonephritis. Our 
differential diagnosis included ANCA-positive 
pauci-immune glomerulonephritis, anti-GBM dis-
ease, IgA nephropathy (supported by his episodes 
of gross hematuria), and the least likely possibil-
ity of systemic lupus erythematosus–associated 
nephritis. The presence of proteinuria in the 
nephrotic range raised the possibility of NSAID-
induced membranous glomerulonephritis or dia-
betic nephropathy.
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Clinic a l Di agnosis

Rapidly progressive (crescentic) glomerulone-
phritis.

Dr . Rona ld J.  Fa lk’s  Di agnoses

Anti–glomerular basement membrane disease 
causing a crescentic glomerulonephritis.

Diverticulitis due to Bacteroides fragilis and 
other gram-negative anaerobic bacteria.

Podocytopathy, possibly due to mild diabetic 
nephropathy.

Pathol o gic a l Discussion

Dr. Ivy A. Rosales: The diagnostic procedures in 
this case were a core needle biopsy of the kidney, 
a serum enzyme-linked immunosorbent assay 
(ELISA), and Western blot analysis. Examination 
of the biopsy specimen revealed 21 glomeruli, of 
which 19% were globally sclerosed and 38% 
were cellular crescents (Fig.  2A and 2B). Seg-
mental necrosis was present in some glomeruli. 
Red-cell casts (Fig.  2C), reabsorption droplets, 
and tubular injuries of varying degrees of sever-
ity were also present. Approximately 30% of 
the cortex showed interstitial fibrosis and tu-
bular atrophy. The blood vessels showed mild 
intimal fibrosis in arteries and arteriolar hyali-
nosis. Altogether, these findings show evidence 
of a necrotizing and crescentic glomerulone-
phritis.

On immunofluorescence microscopy of the 
glomeruli, the GBM showed bright, global, linear 
(4+) staining for IgG (Fig. 2D) and a similar pat-
tern and intensity of staining for kappa and 
lambda. Crescents were positive for fibrin. The 
GBM showed 3+ to 4+ staining for IgG4, 2+ to 
3+ staining for IgG1, and 1+ staining for IgG2. 
Staining for IgG3 was negative. On electron mi-
croscopy, endothelium was reactive. There was 
global effacement of podocyte foot processes, a 
finding that accounted for the patient’s protein-
uria. There were no electron-dense deposits 
(Fig. 2E). There was no evidence of diabetic ne-
phropathy.

Serum ELISA for the detection and quantita-
tion of antibodies to alpha-3(IV)NC1 was nega-
tive at less than 2 reference units per milliliter 
(positive result, ≥20). Western blot analysis for 

the detection of antibodies to alpha-3(IV)NC1 was 
positive.

The findings are diagnostic of anti-GBM dis-
ease but with several unusual features. First, the 
crescents and necrosis were not as prominent as 
they would be in a classic case of anti-GBM dis-
ease, in which the crescents are diffuse, global, 
and circumferential, typically involving approxi-
mately 75% of glomeruli.16,17 In this case, the 
crescents involved less than half the glomeruli 
and were small, suggesting subacute or transient 
disease.

Second, serum ELISA was negative for anti-
GBM antibodies, whereas the more sensitive 
Western blot analysis was positive. False nega-
tive tests occur in 2 to 3% of cases of anti-GBM 
disease.18 In this case, the negative ELISA sug-
gests that the antibody titer was too low for 
detection.

Finally, this case showed an IgG4-dominant 
subclass distribution. IgG4 is considered to be in
ert and has a limited capacity to fix complement 
and Fc receptors. IgG4 dominance may have ac-
counted for the lesser severity and extent of the 
glomerular lesions. IgG4 antibodies to alpha-
3(IV)NC1 can cause a false negative ELISA.19,20 
In anti-GBM disease, IgG subclass distribution 
may be associated with disease severity.21

In summary, necrotizing and crescentic glo-
merulonephritis associated with a positive West-
ern blot analysis for antibodies to alpha-3(IV)
NC1 is diagnostic of anti-GBM disease. The rela-
tively modest extent and severity of glomerular 
lesions and the negative serum ELISA for anti-
GBM antibodies are features that have been de-
scribed in unusual presentations of anti-GBM 
disease.18,22

Discussion of M a nagemen t

Dr. Fenves: Once the diagnosis of anti-GBM dis-
ease was established, we treated this patient with 
intravenous methylprednisolone for 3 consecutive 
days and oral cyclophosphamide daily for 5 days, 
followed by a taper. There was no evidence of 
pulmonary hemorrhage, but this possibility 
prompted us to proceed with five sessions of 
plasmapheresis during the 10 days after the kid-
ney biopsy.

Anaerobic blood cultures from the other hos-
pital grew three organisms: B. fragilis, F. necropho-
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rum, and Peptoniphilus indolicus. The bacterial infec-
tions were successfully treated with intravenous 
ceftazidime and metronidazole. Subsequent blood 
cultures were negative.

Five days after the kidney biopsy, severe ab-
dominal pain developed, along with a leukocyte 
count of more than 40,000 per cubic millimeter. 
CT of the abdomen revealed evidence of diverticu-
litis with a small colonic perforation. The patient 
initially received conservative treatment but ulti-
mately underwent a sigmoid colectomy and a 
colostomy. His immunosuppressive medications 
were withheld for 3 days during the periopera-
tive period. Bilateral deep venous thrombosis de-
veloped postoperatively and was treated with 
intravenous heparin.

During the 2 weeks after kidney biopsy, the 
patient had fluctuating renal function, with a se-
rum creatinine level ranging from 2.3 to 3.2 mg 
per deciliter (203 to 283 μmol per liter). He never 
needed to undergo renal-replacement therapy.

The patient’s hospitalization lasted for more 
than 6 weeks. During that time, he had two 

episodes of wound dehiscence. The wounds were 
probably aggravated by ongoing glucocorticoid 
therapy, and they eventually healed by second 
intention. There was never any evidence of a pul-
monary hemorrhage, a dreaded potential feature 
of anti-GBM disease that can lead to severe com-
plications and occasionally to death. Toward the 
end of his hospital course, the patient received 
intravenous rituximab. His serum creatinine level 
at discharge was 2.0 mg per deciliter (177 μmol 
per liter).

Three months after discharge, the patient 
received a second dose of intravenous rituximab. 
Cyclophosphamide was stopped after 3 months, 
and prednisone was tapered over a 5-month pe-
riod and then discontinued. The patient had a 
successful reversal of the colostomy 1 year later. 
Now, 16 months after he received the diagnosis 
of anti-GBM disease, he is doing well, with a 
serum creatinine level of 1.5 mg per deciliter 
(133 μmol per liter), and he is currently receiv-
ing no immunosuppressive medications.

A nat omic a l Di agnosis

Anti–glomerular basement membrane disease.
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