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Introduction
The de novo development of hemolytic uremic syndrome (HUS) 

following kidney transplantation can be a devastating complication 
resulting in grave morbidity. Despite a large volume of research 
regarding HUS, the causes following transplantation are often unclear 
and multifactorial in nature. While it has previously been established 
that immunosuppressive agents such as Cyclosporine A and Tacrolimus 
can induce HUS, the role of donor specific antibodies (DSA) 
precipitating post-transplant HUS is a less well established mechanism 
that may be under-diagnosed in the transplant population [1-3]. We 
present a case of HUS following kidney transplantation that was treated 
effectively, and will draw evidence that donor specific antibodies (DSA) 
may play a role in the pathogenesis of HUS.

Case Description
A 66 year old female with a past medical history of end stage renal 

disease presumed secondary to diabetic nephropathy (no kidney 
biopsy performed), who underwent hemodialysis for 3 years, presented 
for cadaveric renal transplant. Her major medical co-morbidities 
included essential hypertension, mild coronary artery disease, prior 
bleeding gastric ulcer, hypothyroidism, and obesity. Her past surgical 
history was remarkable for failed arteriovenous fistula, appendectomy, 
and tonsillectomy. Her prior known sensitizing events included a 
prior pregnancy, one miscarriage, remote blood transfusion, but no 
previous transplants. Her relevant family history included diabetes, 
hypertension, with no known family history of HUS or thrombotic 
thrombocytopenic purpura (TTP). Her relevant laboratory values pre-
transplant were serum hemoglobin of 12.9, CMV antibody negative, 
blood type B+, and calculated panel reactive antibody (PRA) of 55%.
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Abstract
Introduction: Hemolytic uremic syndrome (HUS) following kidney transplantation is a devastating complication 

that may result in substantial morbidity and allograft loss. While calcineurin inhibitor-induced HUS has been well 
described, anti-donor specific antibody production may be an alternative pathway in the pathogenesis of HUS. We 
present a case of HUS following kidney transplantation, and will present evidence that donor specific antibodies 
(DSA) may be a factor in platelet activation and end-organ injury resulting in post-transplant HUS.

Case description: A 66-year-old female with diabetic nephropathy underwent a deceased donor renal transplant 
with a 5 HLA mismatched kidney. Her immediate course was uneventful with normalization of her creatinine (Cr). 
She was re-admitted with rising Cr, oliguria, proteinuria, anemia and thrombocytopenia. A peripheral smear revealed 
schistocytes, haptoglobin levels were depleted and an allograft biopsy was performed that was suggestive of 
thrombotic microangiopathy (TMA) with equivocal findings for AMR. Her ADAMTS 13 activity was 103% (normal). 
She concurrently developed a substantial de novo DSA burden. She underwent therapeutic plasma-pheresis, 
conversion from tacrolimus to cyclosporine, and received rituximab therapy. She had a complete clinical resolution 
and remains off of dialysis. Her laboratory markers improved and her antibody titers decreased.

Discussion: Post-transplant HUS requires immediate recognition and treatment. This clinical course suggests 
DSA may be involved in an alternative mechanism of platelet activation leading to HUS and renal insult. Review 
of the literature suggests this is a rare cause of HUS and we postulate may be under-diagnosed in the transplant 
population and requires further study.

The donor allograft was recovered from a 48 year-old female 
donor after cardiac death with a terminal creatinine (Cr) of 0.5, and a 
5 HLA mismatch. Total cold and warm ischemia times were 14 hours 9 
minutes and 56 minutes, respectively. The left renal allograft was placed 
in the right retroperitoneal space with a peritoneal window. Given a 
PRA of 55%, she received thymoglobulin induction intra-operatively, 
and was admitted to the surgical intensive care unit in stable condition. 
She required vasopressor support for the first 36 hours to maintain an 
adequate mean arterial pressure and was oliguric. On postoperative 
day two, she started ambulating and was making urine suggestive of 
graft function. She was transferred out of the intensive care unit on 
postoperative day three. She developed anemia and thrombocytopenia 
(platelets to 96) during the immediate post-transplant period likely 
secondary to Thymoglobulin induction, and ultimately required 
transfusion of one unit of packed red blood cells on postoperative day 
five for a hemoglobin of 6.8. She was transitioned to Tacrolimus at 
the conclusion of the Thymoglobulin induction (total dose 5 mg/kg), 
and was discharged home on postoperative day seven after successfull 
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transition to maintenance immunosuppression with Tacrolimus, 
Cellcept and Prednisone. She had slow but appropriate graft function 
(Cr 2.5) with good urine output at discharge and no indication for renal 
replacement therapy.

Two days after discharge, our recipient suffered a syncopal episode 
at home as a result of hypoglycemia. She was re-admitted to the 
transplant service for further evaluation. She underwent an allograft 
ultrasound, notable only for borderline elevated resistive indices in 
the vasculature. During her re-admission, her Cr rose from a nadir of 
1.88 to 2.88. This was initially attributed to either calcineurin inhibitor 
(Tacrolimus) toxicity, acute rejection, or intravascular volume depletion 
with pre-renal insult as a result of the circumstances leading to her 
syncopal episode. Her donor specific antibody levels were rechecked 
with a single antigen bead solid phase assay (Luminex) and a graft 
biopsy was performed.

Due to rising creatinine with persistent anemia and 
thrombocytopenia, there was also a concern for HUS. A serum 
haptoglobin level, lactate dehydrogenase (LDH) and peripheral blood 
smear were drawn and evaluated. Her peripheral smear revealed 
schistocytes, her haptoglobin level was low (<6 mg/dl), and her 
LDH was elevated. The ensuing allograft biopsy showed thrombotic 
microangiopathy (TMA), with mild peri-tubular capillaritis with 
indeterminate C4d immunofluorescence staining (<50% positive) 
consistent with diagnosis of HUS and equivocal for AMR (Figures 1 
and 2).

She was treated for HUS with multiple sessions of therapeutic 
plasma exchange (TPE). Moreover, since there was concern this could 
represent Tacrolimus-induced HUS, the Tacrolimus was discontinued 
and she was started on Cyclosporine and continued on Mycophenolate 
and Prednisone. After five total TPE sessions, her renal function began 
to improve, LDH continued to trend downward, and her platelets began 
to normalize. While the anemia eventually resolved, she did require 
transfusion of two additional units of packed red blood cells (Figure 3).

Her DSA levels were noted to be significantly elevated compared to 
pre-transplant levels and were positive for anti-A24, anti-B44, anti-B55, 
and anti-DRB1. Given her substantial change in DSA, we became 
concerned this could represent an antibody mediated process. As such, 

she was started on intravenous immunoglobulin (IVIG) at completion 
of TPE for treatment of antibody-mediated rejection (AMR). She also 
received one dose of Rituximab (375 mg/m2 IV) at the completion of 
IVIG. Her DSA, serum Cr, Cyclosporine, platelet, and hemoglobin 
levels were trended closely during her TPE and IVIG. With these 
interventions, her Cr improved to a new baseline of 1.5. Her DSA levels 
were drawn on serial dates, and the class I DSA titers (anti-B55 and 
anti-A24) continued to rise (Figure 4).

On postoperative day 37, she was noted to have an increasing LDH 
and declining platelets, and a peripheral blood smear revealed the 
presence of schistocytes. She received more TPE and an ADAMTS13 
level was checked and found to be 103% (normal). A repeat renal 
allograft biopsy was performed, and had features suggestive of TMA-
with no histologic features to support the typical AMR with a negative 
C4d. There was vacuolization of the tubular epithelial cells with rare foci 
of moderate tubulitis with mild interstitial inflammation. This resolved 
after TPE and dosage adjustment of cyclosporine. She was discharged 
home with stable LDH and Cr levels. At her one year follow-up, she 
had a stable Cr of 1.38, with low level DSA (solid phase assay: anti-B55/
MFI 3814, anti-A24/MFI 1576, and anti-B44/MFI 597). She has had no 
additional complications or major hospitalizations since her treatment 
of her de novo HUS.

Discussion and Review of Literature
Epidemiology

Post-transplant thrombotic microangiopathy (TMA) represents 
a pathology-based diagnosis of the allograft, and encompasses a 
broad spectrum of disease that includes both HUS and TTP. TMA, as 
noted on biopsy, is found in 3-14% of patients receiving calcineurin 
inhibitor immunosuppression after renal transplant [4]. TMA can 
either be localized to the allograft or can represent a systemic process. 
When contained in the renal allograft, it often presents as delayed 
graft function or acute kidney injury [4]. The frequency of de novo 
post-kidney transplant HUS presenting as a systemic disorder with 
severe TMA, is estimated to be 1-5% [5]. HUS, in contrast to purely 
localized TMA, presents with hemolytic anemia, thrombocytopenia, in 
addition to declining renal function [4]. Similar to the findings in our 
case report, it most often occurs in the first 3 months after transplant 
[5,6]. Transplant TMA, in all forms, has been shown to decrease both 

Figure 1: Medullary region of allograft biopsy obtained at onset of HUS 
symptoms with small vascular thrombi (arrows) and scattered dilated capillaries 
with peri -tubular capillaritis (short arrow) (200X, H and E Stain).

Figure 2: C4d Immunofluorescence staining of less than 50% of the peri-
tubular capillaries (arrows) (200X, FITC), noted on the initial allograft biopsy.
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graft and patient survival [7]. The three-year survival rate for post-
transplant TMA was reported as 50%, demonstrating the seriousness 
of the complication [6].

Classification and spectrum of disease

Hemolytic uremic syndrome (HUS) is not a single disease 
process, but rather a group of diseases of varied etiologies with a 
spectrum of manifestations and symptoms. There are multiple useful 
ways to classify and subdivide etiologies of HUS: atypical vs. typical, 
“diarrhea-associated” vs. “diarrhea-negative”, inherited vs. acquired 

[8]. Within the inherited forms of HUS, there can be genetic defects 
in both complement regulation and inborn errors of metabolism [8]. 
Additionally, while thrombotic thrombocytopenic purpura (TTP) is 
now recognized as a distinct disease process, it also has an overlapping 
presentation with HUS and can have a similar histopathological 
appearance [8,9]. The hallmark of TTP is a deficiency of serum 
ADAMTS 13 (less than five percent activity); representing an inability 
to cleave von Willebrand factor and resulting in pathologic platelet 
activation and aggregation [9].

Diagnosis
It is imperative that HUS be identified and treated immediately as it 

presents a threat to both patient and allograft. As such, it is critical to have 
an index of suspicion in patients who present with components of HUS; 
specifically rising Cr with associated anemia and thrombocytopenia. 
While serum haptoglobin and LDH levels are easily obtained with a 
blood smear to corroborate the suspicion, a tissue diagnosis is essential 
to proper treatment. The histologic evaluation will allow distinction of 
HUS from classic AMR in the majority of cases.

While both TMA and AMR have long been considered separate 
clinical entities, AMR has also been thought a potential cause of de 
novo post-transplant TMA [1]. Both disease processes can be immune-
mediated and can ultimately manifest with complement deposition 
in the allograft, resulting in endothelial damage and ultimately graft 
failure. There appears to be considerable overlap in the pathophysiology 
of the disease processes between TMA and AMR. The importance of 
local complement mediated damage has been well established in both 
processes [8]. Importantly, even with proper and prompt treatment, 
both increase the risk for short and long term graft failure [1].
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Figure 3: This schematic tracks the most relevant laboratory values over time in her post-transplant course. LDH=Lactate dehydrogenase (U/L), Platelet (1000/cm2), 
Creatinine (Cr) (mg/dl), WBC (1000/cm2), Hemoglobin (gm/dl).
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Figure 4: Donor specific antibodies, as measured by solid phase assay 
(Luminex) in Mean Fluorescent Intensity. The antibodies reach an apparent 
peak at day 29 post-transplant, with anti-B55 reaching 9,466 MFI. At one year 
post transplant (not illustrated, MFI’s continued to downtrend, though anti-B55, 
A24, and B44 remained detectable.
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Diagnostically, it is important to distinguish diarrhea or Shiga 
associated HUS from atypical HUS (aHUS) and de novo HUS, as they 
frequently have different etiologies and recurrence patterns. Recurrent 
renal injury or TMA is rare in patients who developed renal disease due 
to the diarrheal illness. While aHUS or recurrent TMA is most often 
a genetic defect in complement regulation and usually the source of 
renal failure, de novo TMA is seen in patients with no prior history of 
HUS associated renal injury and most often due to calcineurin inhibitor 
toxicity, antibody mediated rejection, or viral infection following 
transplantation [3]. Patients with aHUS usually have one of several 
genetic mutations resulting in an over-activation of the complement 
cascade with an unacceptably high recurrence rate. These include 
Factor H, C3, membrane cofactor protein, complement factor B, C322, 
and Factor I [3,5]. If a prior history of HUS is known or suspected, a 
genetic workup and testing for known mutations is recommended.

Differentiating between AMR and other forms of acute endothelial 
injury can be difficult because of overlapping features including 
evidence of thrombotic microangiopathy. Features that help distinguish 
these entities including the presence of definitive staining for C4d in the 
allograft peritubular capillaries, the presence of peritubular capillaritis 
and acute glomerulitis in AMR [10,11]. Some authors also indicate 
that AMR has a greater extent of the vascular involvement (range of 
vessels involved is greater in antibody mediated rejection) [2]. In 
our case, the C4d immunofluorescence staining was in the equivocal 
range (20-50%) in the first biopsy and only medulla was available in 
the biopsy with very focal peritubular capillaritis. The lack of cortex 
limited the assessment of cortical peritubular capillaritis and acute 
glomerulitis. The second biopsy showed features suggestive of an 
active thrombotic microangiopathy, and no histopathologic features of 
active or chronic antibody mediated rejection including negative C4d 
immunofluorescence.

Pathology and pathophysiology

TMA is the pathological manifestation of end-organ damage that 
accompanies HUS. Histological features of TMA include pathological 
lesions of blood vessel wall thickening, swelling of endothelial cells 
with detachment from their underlying basement membrane, and 
intraluminal vessel thrombosis that may cause obstruction of the vessel 
lumen [12]. Karpman et al. noted that this micro vascular endothelial 
cell injury is the defining feature of TMA in its relation to systemic HUS 
[12]. In the classic, Shiga-toxin associated HUS, it is believed that Shiga 
toxin is internalized by endothelial cells, which allows it to activate itself 
within the cells. By multiple mechanisms, including cytokine release 
and endothelial cell damage, the Shiga toxin is able to initiate the 
cascade of endothelial disruption, platelet clumping, and thrombosis 
that is the hallmark of TMA [12].

Cyclosporine and Tacrolimus are thought to contribute to TMA 
via vasoconstriction, endothelial toxicity and pro-thrombotic and 
anti-fibrinolytic effects [1,5]. Both Cyclosporine and Tacrolimus up-
regulate production of vasoconstrictive factors such as endothelin-1 
and angiotensin II, create a pro-coagulant state with possible enhanced 
platelet aggregation, and have been associated with plasma markers 
of endothelial damage such as thrombomodulin and von Willebrand 
factor [5]. While calcineurin inhibitors are classically implicated, other 
classes of immunosuppressive agents, such as mTOR inhibitors, have 
also been implicated independently and in conjunction with calcineurin 
inhibitors [5]. TMA secondary to calcineurin inhibitor toxicity is 
typically treated by switching to an alternative immunosuppressive 

agent in conjunction with plasmapheresis [2]. In contrast, if TMA 
is thought to be secondary to AMR, the standard treatment is 
plasmapheresis, intravenous immunoglobulin (IVIG), steroid pulse, 
and Rituximab [2]. Because of the different treatment strategies, it is 
important to diagnostically distinguish which underlying process is 
contributing to HUS in the post-transplant patient [1].

Systemic versus localized manifestations of TMA also create an 
important distinction as each group has distinct characteristics and 
clinical courses. In a large retrospective review by Schwimmer et al., two 
distinct groups of TMA after renal transplantation were noted: those 
with systemic manifestations (62%) and those with TMA localized to the 
allograft without systemic symptoms (38%) [4]. Importantly, the subset 
and majority of patients who had systemic disease were more likely 
to have allograft loss and subsequently require dialysis [4]. However 
systemic manifestations in the post-transplant setting may be difficult 
to distinguish from other causes. Anemia and thrombocytopenia post-
transplant are both often multifactorial in nature, and can frequently 
be attributed to immune suppression induction agents such as 
thymoglobulin or anemia of chronic disease [13].

Antibody-mediated rejection and hemolytic uremic 
syndrome

While the case presented suggests strongly that the DSA’s which 
developed following the transplant were responsible for the pathology 
and decline in graft function, as their presence and intensity correlate 
well with the other clinical findings, the diagnosis of “antibody 
mediated rejection” was difficult to make due to the C4d-negative 
nature of the biopsies. The diagnosis of AMR has long been difficult 
due to lack of specific histo-pathological findings on allograft biopsy 
that are sufficiently sensitive and specific for AMR [14]. While C4d 
positive staining is a classic Banff criterion for AMR, there is literature 
support for AMR that is C4d negative, as in our patient [14]. In 2013 
the Banff Criteria was updated to reflect the increasing recognition 
of C4d negative forms of AMR [15]. The new criteria also list “Acute 
thrombotic microangiopathy, in the absence of any other cause” as 
satisfactory histological evidence of AMR [15]. As our case did have 
histological criteria (TMA), >10% C4d in the peri-tubular capillaries, 
and positive donor specific antibodies, it would satisfy the necessary 
criteria for AMR according to the 2013 Banff guidelines [15].

A retrospective five-year review from Satoskar et al. was the first 
to address antibody-mediated rejection (AMR) as a cause of TMA [1]. 
Interestingly, they found that de novo TMA was associated with AMR 
in the majority of cases, with 55% of their biopsies being C4d positive 
as well [1]. One study reviewing pathology specimens of kidneys with 
TMA found that 88% of biopsies had C4d deposition, and 90% had 
evidence of activation of the classic complement pathway [16]. This 
provides further support that complement activation is likely a crucial 
aspect of the TMA process, just as in AMR. When TMA is present 
histologically, C4d staining of the peri-tubular capillaries along with 
serum anti-donor antibodies are the two main diagnostic findings that 
link TMA and AMR [2].

Genetic factors and predisposition

While in this particular case a genetic workup was not fully explored, 
the presence of clear instigating factors and no prior history of HUS 
strongly suggest this variant of HUS was an acquired or “post-transplant” 
variant. However one case report by Broeders et al. describes a previously 
clinically silent polymorphism of Factor H that manifested as de novo 
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post-transplant HUS associated with AMR [17]. Similar to our case, 
these symptoms occurred approximately 2 weeks after transplant, and 
presented with systemic HUS symptoms and TMA on allograft biopsy. 
This cannot be definitely ruled out in our patient, as no investigation into 
complement activity was performed, however it is important to consider 
a workup for atypical HUS even when there was no prior history of HUS 
before transplant [17]. It has been previously demonstrated that a genetic 
predisposition to atypical HUS can be clinically silent until a “second hit”, 
such as transplant rejection, pregnancy, infections, vaccination occurs 
[8]. Any of these events are capable of initiating a process of antibody-
mediated complement deposition, which if unregulated can further 
progress to classic TMA and HUS.

Treatment

The correct differentiation between AMR, atypical HUS, or 
calcineurin inhibitor associated HUS is important in directing 
management and preventing disease progression with early allograft 
loss. The treatment of calcineurin inhibitor associated HUS involves 
decreasing or changing immunosuppression, which can have a 
detrimental effect in situations of immune mediated rejection. For 
many years therapeutic plasma exchange was one of the few therapeutic 
options in HUS, and remains a mainstay of treatment [8,18]. It is also an 
important treatment of antibody-mediated rejection, and is capable of 
removing both donor specific antibodies and complement components 
from serum [19]. As plasma exchange is not capable of suppressing 
DSA production, it is typically accompanied by immunosuppressive 
agents capable of inhibiting antibody production (such as Rituximab) 
or therapies to neutralize antibodies (such as IVIG) [19]. In our case, 
the patient received IVIG, Rituximab, and prompt plasma exchange. 
The patient was also switched from tacrolimus to cyclosporine due to 
concerns for tacrolimus-induced HUS.

Another emerging therapy is Eculizumab, a human antibody 
directed against C5 capable of inhibiting the complement cascade 
pathway prior to formation of the membrane attack complex. It has 
proven to be of clinical use in atypical HUS and has been investigated 
as a potential therapeutic agent in AMR as well [18]. As more treatment 
modalities are available for both HUS and AMR, with considerable 
overlap between therapies, allograft function can be saved with prompt 
diagnosis and treatment.

Conclusion
Both antibody-mediated rejection and hemolytic uremic 

syndrome can occur in the immediate post-transplant period and 
cause irreparable harm to the allograft and patient. While these are 
classically two distinct disease processes, there is considerable overlap 
in the pathophysiology with the common event involving some 
degree of endothelial and vascular insult. Whether this occurs due 
to DSA binding a donor antigen, complement activation, vasoactive 
platelet activation, or direct endothelial injury that results in platelet 
aggregation producing organ dysfunction is not entirely clear. In our 
patient, the rapid development of donor-specific HLA antibodies seems 
to have precipitated allograft TMA with systemic HUS, and allograft 
injury that resolved as we cleared the DSA. While it is still unclear 
why some patients who develop DSA are asymptomatic, and others 
develop classic AMR or HUS, it is important to identify the source of 
the allograft insult to direct treatment. While it is not surprising when 
patients with a genetic predisposition present with systemic HUS, it can 
be a real challenge to identify the trigger in those who present with 
de novo post-transplant HUS. Our case suggests DSA may be involved 
in an alternative mechanism of platelet activation leading to HUS and 

renal insult as a result of AMR. Therefore we propose that TMA and 
HUS are likely tied to a spectrum with AMR, and that patients with 
certain risk factors, both genetic and acquired, may be predisposed to 
this dangerous and systemic variant of allograft rejection.

The previously convenient dichotomies used in classification of 
HUS and AMR may prove misleading and oversimplifying, as there has 
proven to be considerable overlap within this spectrum of disease. This 
case report well illustrates the complexities of the diagnosis, and the 
importance of a thorough work-up. Fortunately, as in this case, rapid 
identification of HUS and of the development of DSA lead to prompt 
and appropriate treatment, and long-term allograft function may still 
be achieved.
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