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Introduction

Atypical hemolytic uremic syndrome (aHUS) has gained 
increased visibility over several years as an important cause 
of renal failure. Unfortunately, diagnosis is often difficult 
because individual courses can be highly variable depend-
ing upon the causative genetic mutations [1–3]. The dis-
ease is often difficult to distinguish from other forms of 
microangiopathic hemolytic anemia [4]. Furthermore, it is 
thought that only a fraction of disease-causing mutations 
have been identified. Here we present the case of a patient 
with a failed renal allograft and acute failure of a second 
allograft who was ultimately diagnosed with genetically-
proven aHUS.
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Case report

First renal allograft

The patient was a 39 year-old male with a history of Alport 
syndrome, whose diagnosis was made at age 24. Full 
details of the original diagnosis are unavailable. The patient 
had attendant hearing loss. His sister had renal failure and 
a renal transplant, reportedly also due to Alport syndrome. 
There was no other family history of renal disease, which 
raised the possibility of non-X linked disease. There was a 
history of sarcoidosis in the father. Social history was nota-
ble for 30 pack-years of smoking (ongoing at the time of 
first transplant) without illicit drug use.

At age 34, the patient underwent deceased donor kidney 
transplantation. He was unsensitized at the time and had 
been on hemodialysis for 2  years prior to transplantation. 
Cold ischemic time was prolonged, and donor kidney 
biopsy was favorable, with 0/50 sclerosed glomeruli. Induc-
tion was with alemtuzumab. Six human leukocyte antigens 

(HLA) were mismatched, and initial allograft function was 
slow.1 Nadir creatinine was 2.6 mg/dL. Due to slow graft 
function and multiple episodes of acute allograft injury, 
several biopsies were performed, one of which revealed a 
Banff 1B rejection (Fig.  1a) about 3.5  months post-trans-
plant. Biopsy findings additionally were suspicious for 
thrombotic microangiopathy (Fig.  1b), which was attrib-
uted to calcinuerin inhibitor exposure. Additionally, there 
was 40–50% interstitial fibrosis and tubular atrophy. The 
patient was treated for acute cellular rejection with rabbit 
anti-thymocyte globulin and intravenous corticosteroids.

Several laboratory values preceding and at the time of 
biopsy (in retrospect) suggested thrombotic microangi-
opathy. These included progressive thrombocytopenia 

1  Recipient HLA typing was as follows: A11, A24, B18, B35, DR4, 
DR53 (there was no C, DQ or DP tying for the recipient). Donor 
HLA typing was as follows: A2, A68, B53, C4, DR13, DR16, DQ2, 
and DQ5 (there was no donor DP typing).

Fig. 1   a Renal allograft biopsy 3.5 months following the first trans-
plant showing a fibrin thrombus in the glomerulus (arrow). b Severe 
tubulitis in the same biopsy (arrowheads). c Renal allograft biopsy 
13  days following the second transplant showing mild tubulitis 

(arrowheads). d Renal allograft biopsy 7 months following the sec-
ond transplant showing fragmented red blood cells in the glomerulus 
(arrows)
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(Supplemental Fig. 1a) and anemia (Supplemental Fig. 1b). 
At the time of biopsy, lactate dehydrogenase (LDH) was 
elevated to 292 L/U, and serum haptoglobin was below the 
threshold for detection. Peripheral blood smear, reviewed 
by hematopathology for anemia, revealed only severe nor-
mocytic, normochromic anemia with minimal polychroma-
sia and occasional ovalocytes and burr cells. Mild throm-
bocytopenia with occasional large platelets was also noted. 
Reticulocyte count was elevated at 3.4%. Total bilirubin 
was 0.7 mg/dL (direct 0.1 mg/dL). INR was 1. Tacrolimus 
trough was not supra-therapeutic at 5.5 ng/mL.

The patient’s course was further complicated by an early 
urinary tract infection, ureteral stent migration and stricture 
requiring percutaneous nephrostomy, and early BK viruria 
without viremia or polyomavirus nephropathy. Serologic 
testing was negative for donor specific HLA antibodies 
(DSA) and anti-glomerular basement membrane antibod-
ies. Tacrolimus levels remained therapeutic throughout. 
Hematology was consulted for pancytopenia (leukocyte 
count 1.5 × 103/μL; hemoglobin 7  g/dL, platelet count 
144 × 103/μL at the time of above biopsy) that was thought 
multifactorial in etiology, with an unrevealing peripheral 
smear (as above) and negative parvovirus polymerase chain 
reaction test. Unfortunately, the patient developed progres-
sive allograft failure requiring re-initiation of hemodialysis 
4 months posttransplant. He subsequently developed acute 
allograft rejection prompting explant 6  months posttrans-
plant and re-listing. Explant pathology revealed hemor-
rhagic necrosis.

Second renal allograft

By the time of the patient’s second transplant at age 39, he 
was highly sensitized (Class I and II panel reactive antibod-
ies 99 and 100, respectively). The deceased donor was a 43 
year-old Caucasian female. Kidney donor profile index 
(KDPI) was 43%. Three HLA antigens were mismatched 
(one HLA-A and two HLA-B mismatches) without any 
identified current or historic donor specific antibodies.2 
Pre-operative flow cytometric cross-match was negative, 
and induction was with alemtuzumab.

Renal allograft function was again slow, with a nadir 
creatinine of 2.5  mg/dL. As creatinine began to rise to 
3.7  mg/dL, the patient underwent early allograft biopsy 
and DSA assessment on day thirteen posttransplant. Labo-
ratory values at that time are listed in Table  1. Biopsy at 
that time showed borderline cellular rejection with some 

2  Recipient HLA typing was as follows: A11, A24, B18, B35, DR4, 
DR53 (there was no C, DQ or DP tying for the recipient). Donor 
HLA typing was as follows: A1, A24, B7, B62, C7, C10, DR4, 
DR53, DQ8, DP3, and DP14. There was no history of Class II donor 
specific antibodies pre- or post-transplant.

swollen endothelial cells (Fig. 1c). C4d staining was nega-
tive, and there was no peritubular capillaritis. Surprisingly, 
the patient developed de novo DSA directed against HLA-
B7 and HLA-B27 with titers of 1:64 and 1:16, respectively. 
Testing was performed with single antigen beads (One 
Lambda, Canoga Park, CA). Prior serum samples were re-
assessed by the histocompatibility laboratory and found to 
be negative for donor specific antibodies. Serial monitor-
ing had consistently detected these antibodies, with varying 
strengths, in four serum samples over 6 weeks, suggesting 
the detection of these DSAs were not transient due to the 
strength/titer and detection of DSA multiple serum sam-
ples. These DSAs ultimately resolved with intravenous cor-
ticosteroid and intravenous immunoglobulin therapy. Test-
ing for immunoglobulin subtypes and complement fixation 
was not performed. Three subsequent biopsies showed 
persistent borderline rejection despite ongoing corticoster-
oid treatment. Only one of these demonstrated weak C4d 
staining (3  months posttransplant), which was not treated 
aggressively as donor specific antibody titers were negative 
by that time. Serum creatinine stabilized around 3.4 mg/dL 
by 4 months post transplant with 30–40% interstitial fibro-
sis and tubular atrophy on corresponding biopsy. Despite 
a few supra-therapeutic tacrolimus troughs early on, levels 
generally remained within therapeutic range of 6–8 ng/mL.

Acute failure of the second renal allograft

Seven months posttransplant, the patient presented to the 
hospital with a respiratory illness characterized by head-
ache, malaise, cough, dyspnea, and fever to 100.6 Fahr-
enheit. He was found to have an acute hypertensive crisis 
requiring nicardipine infusion and acute renal failure with 
a serum creatinine of 6.6 mg/dL. Physical examination was 
notable for bilateral pulmonary rales. There were no peri-
cardial friction rubs. The allograft site was without bruits 
or tenderness. There were bilateral pulmonary infiltrates 
on chest radiography. Full laboratory results are reported in 
Table 1. They were notable for a hemoglobin of 8.4 g/dL 
(prior baseline around 11 mg/dL) and platelets of 101 K/
μL (prior baseline around 180  K/μL). Urinalysis revealed 
0–5 WBCs/hpf and 11–50 RBCs/hpf. Evaluation for infec-
tious etiologies was unrevealing. Spot urine protein to cre-
atinine ratio was about 1 gram. Peripheral smear showed 
no evidence of microangiopathic hemolytic anemia. Total 
complement activity (CH50) was normal, as were C3 and 
C4 levels. A direct Coomb’s test was negative. Allograft 
ultrasound was unrevealing. Donor specific antibody test-
ing remained negative. Allograft biopsy (Fig.  1d) raised 
concern for hemolytic uremic syndrome. C4d staining 
remained negative with mild peritubular capillaritis. DSA 
testing was negative at the time of biopsy.
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The patient’s serum creatinine peaked at 11.8  mg/dL 
(about 7.5 months posttransplant) with a blood urea nitro-
gen level of 145 mg/dL alongside mild uremic symptoms 
and severe peripheral edema. After extensive discussions 
with the patient, dialysis was withheld, and a trial of ecu-
lizumab was pursued alongside intravenous corticosteroids 
and conversion of tacrolimus to rapamycin. Eculizumab 

was started at 900  mg weekly for 4  weeks, followed by 
1,200 mg every other week based on the protocol reported 
by Legendre et al. [5] Due to the need for urgent treatment 
of acute atypical hemolytic uremic syndrome, eculizumab 
treatment was not delayed for vaccination against menin-
gococcus. The patient was therefore prescribed cipro-
floxacin prophylaxis and subsequently vaccinated against 

Table 1   Presentation with 
acute renal allograft failure

Thirteen days post-transplant (second 
transplant/initial biopsy)

Acute allograft 
failure (second 
transplant)

Sodium, mmol/L 136 130
Potassium, mmol/L 6 4.9
Chloride, mmol/L 111 101
Bicarbonate, mmol/L 19 19
BUN, mg/dL 32 57
Creatinine, mg/dL 3.4 6.6
Glucose, mg/dL 121 145
Calcium, mg/dL 9.4 6.4
Magnesium, mg/dL 1.5
Phosphorus, mg/dL 2.7
Total protein, g/dL 5.7
Albumin, g/dL 3.5
AST, IU/L 23
ALT, IU/L 19
Total bilirubin, mg/dL 0.6
Alk Phos, IU/L 30
WBC, 103/μL 5.8 6.9
Hgb, g/dL 8.3 8.4
Hct, % 24.6 24.5
MCV, fL 100 87
Platelet, 103/μL 204 101
Tacrolimus trough, ng/mL 6.3 18.9
Haptoglobin, mg/dL 49
Lactate dehydrogenase, U/L 588
Direct Coombs Negative
C3, mg/dL (75–170) 128
C4, mg/dL (10–40) 16
CH50, CAE units (63–145) 224
Iron, mg/dL 56
Ferritin, ng/mL 1,435
Transferrin saturation, % 30
Parathyroid hormone, pg/mL 69

(posttransplant day #8)
60

25OH-Vitamin D, ng/mL 37 (posttransplant day #8) <13
Parvovirus PCR Negative
BK virus (serum, urine) Negative Negative
CMV viral load Negative
Urine protein, mg/dL 78 308
Urine creatinine, mg/dL 165.8 229
Urine RBCs, hpf 4–10 11–50
Urine WBCs, hpf 0–5 0–5
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meningococcus. The patient’s creatinine quickly declined 
in association with eculizumab therapy (Fig.  2). Platelets 
responded as well, increasing from about 100 K/μL (prior 
baseline around 180  K/μL) to nearly 250  K/μL almost 
immediately following treatment (Supplemental Fig.  2). 
Peripheral edema responded to oral diuretics. Serum 
creatinine stabilized around 5.5  mg/dL by 10  months 
posttransplant.

Genetic testing (Machaon Diagnostics, “aHUS genetic 
panel”), sent at the time of eculizumab initiation, revealed 
heterozygosity for a complement factor I (CFI) mutation 
(1246 A > C), which results in substitution of a leucine 
for an isoleucine at amino acid number 398 (I398L). The 
patient was further found to be heterozygous for the large 
deletion of complement factor related proteins 1 and 3. 
Basic complement levels were normal, as shown in Fig. 1. 
No additional functional complement or auto-antibody 
assessment was performed.

Upon further questioning of family history, the patient 
recalled an episode of allograft injury in his sister that had 
been attributed to tacrolimus and improved with transition 
to an alternative immunosuppressive regimen. Full details, 
however, were unavailable.

At the time of writing, serum creatinine stabilized 
around 5.3  mg/dL with 2–3 grams proteinuria on spot 
urine protein/creatinine ratio without microscopic hematu-
ria. The patient remains on monthly eculizumab infusions. 
Follow-up biopsy revealed transplant glomerulopathy with 
mesangiolysis and focal and segmental glomerulosclerosis. 
In particular, some glomeruli had thickened capillary loops 
with duplication and/or collapse (Banff cg score 1) with-
out glomerulitis (g score 0). There was no definite evidence 

of fragmented red blood cells or thrombi. Electron micro-
scopic findings were consistent. Additionally, there was 
persistent tubulitis with interstitial inflammation. DSA test-
ing remained negative.

Discussion

Numerous molecules act as brakes on alternative comple-
ment activation. Mutations in these molecules, particularly 
in complement factors H [6, 7] and I [8], are associated 
with atypical hemolytic uremic syndrome. Additionally, 
mutations in the Complement Factor H and Complement 
Factor H Related Protein gene cluster lead to a variety of 
autoantibodies and fusion proteins that result in comple-
ment-mediated diseases [9]. Regardless of the upstream 
initiation steps, the final common pathway leading to the 
clinical syndrome of aHUS is terminal complement activa-
tion [10, 11].

Many different mutations in CFI are associated with 
aHUS in heterozygous carriers [1, 12]. The I398L muta-
tion, present in this patient, is a mutation at the serine pro-
tease catalytic site of CFI I and has been associated with 
aHUS in several individuals worldwide [13]. Molecular 
pathogenesis studies have shown that this mutation results 
in failed trafficking of CFI from the endoplasmic reticu-
lum to the Golgi apparatus, with subsequent failure of cel-
lular secretion. Additionally, the patient was found to be 
heterozygous for the large deletion of complement factor 
related proteins 1 and 3. Only homozygosity for these dele-
tions, however, has been associated with Factor H autoanti-
bodies [9, 14].

Fig. 2   Serum creatinine for 
the patient’s second renal 
allograft plotted against time, 
showing improvement of renal 
function with eculizumab. 
Peak creatinine of 11.8 mg/dL 
occurred about 7.5 months post-
transplant. Arrowheads indicate 
times of eculizumab administra-
tion (1/29, 2/5, 2/12, 2/19, 2/26, 
3/11, and 3/25). The patient did 
not undergo hemodialysis
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Eculizumab (Alexion Pharmaceuticals, Cheshire, CT) 
is a humanized monoclonal antibody directed against the 
terminal complement C5 protein, thereby blocking forma-
tion of the terminal complement complex [15]. It has been 
used to treat aHUS [16, 17] and recurrent aHUS in trans-
plantation [18–20]. The first reported use of eculizumab 
to treat de novo aHUS in solid organ transplantation was 
in a recipient of a simultaneous kidney-pancreas trans-
plant [21]. Alongside conversion from calcineurin inhibi-
tor (CNI)-based immunosuppression to mammalian target 
of rapamycin (mTOR) inhibitor-based immunosuppression, 
eculizumab use restored renal function and reduced lactate 
dehydrogenase levels. Conversion from CNIs to mTOR 
inhibitors, however, remains controversial. mTOR inhibi-
tor use in kidney transplant recipients has been associated 
with thrombotic microangiopathies, both alone [22, 23] and 
in combination with CNI-based regimens [24–26]. Sub-
sequent studies have demonstrated successful use of ecu-
lizumab to treat aHUS in both solid organ and stem cell 
transplant recipients [27].

Of note, the patient reported by Chandran and col-
leagues, like our own, developed early de novo donor spe-
cific antibodies. This is an unusual phenomenon that we 
do not understand. De novo DSA generation in this case 
could have represented an undetected anamnestic immune 
response. However, DSA could not be detected in any prior 
serum sample evaluated. There is a clinicopathological cor-
relation between complement activation and development 
of de novo DSA [28]. Smith and colleagues proposed a 
four-stage model of chronic alloantibody-mediated rejec-
tion in which de novo DSA precipitates complement acti-
vation and subsequent transplant glomerulopathy [29]. In 
this vein, DSA themselves have been shown to bind com-
plement [30]. Yet, it is acknowledged that DSA may be a 
marker of sensitization in some circumstances [29]. Sensi-
tized T cells are known to stimulate alloantibody-producing 
B cells [31, 32]. It is therefore conceivable to us that, in 
this case, sensitization may be have occurred in context of 
the following: ischemia–reperfusion injury at the time of 
transplant [33–35]; thrombotic microangiopathy-mediated 
release of Class I molecules expressed in damaged renal 
endothelia [36] or renal tubules [37]; or up-regulation of 
HLA molecules induced by inflammatory stimuli [38]. To 
our knowledge, however, there is no known link between 
complement activation and subsequent de novo DSA 
generation.

Conclusions

Genetic testing in this patient revealed a pathogenic Com-
plement factor I mutation. The extent to which genetically-
proven aHUS was responsible for failure of the patient’s 

native kidneys is unclear. Family history—transplantation 
and trouble tolerating tacrolimus in the patient’s sister—
is suggestive. We do not know of an association between 
Alport syndrome and aHUS. Retrospective review suggests 
that the patient’s first kidney transplant may have failed as a 
result of undiagnosed genetic aHUS. Ideally, genetic testing 
would have been performed prior to the second transplant. 
Histology at the time revealed signs of early thrombotic 
microangiopathy, though the overriding clinical picture at 
the time was thought to be that of a Banff 1B acute cellular 
rejection. Several observations related to the possible role 
of genetic aHUS in the patient’s second allograft course 
are in order. First, the patient’s nadir creatinine of around 
2.5 mg/dL was higher than expected. This suggests an early 
and ongoing renal insult, such as genetic aHUS precipi-
tated by ischemia–reperfusion injury. Calcineurin inhibitor 
exposure may have been a contributing factor in a geneti-
cally susceptible individual. In line with the possibility of 
early and ongoing allograft damage is the observation of 
30–40% interstitial fibrosis and tubular atrophy on biopsy 
4 months posttransplant, which was not likely present in the 
donor kidney at procurement. Finally, it seems that a res-
piratory infection precipitated a more fulminant course at 
which time the patient’s underlying disease was diagnosed. 
Terminal complement blockade with eculizumab resulted 
in prompt improvement in this patient’s renal function. The 
patient is undergoing evaluation for a third renal transplant. 
Data regarding maintenance immunosuppression in a case 
such as this are scarce. The patient will likely require con-
tinued maintenance eculizumab therapy and strict avoid-
ance of calcineurin inhibitors. This case teaches us an 
important lesson: maintain a high index of suspicion for 
this entity and a low threshold for genetic testing. In con-
clusion, we believe clinicians should be especially vigilant 
against genetic aHUS and its protean manifestations. Early 
treatment with terminal complement inhibitors is critical 
when genetic aHUS is suspected because turnaround time 
for genetic testing may be slow.
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