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 Background: Atypical hemolytic uremic syndrome (aHUS), a rare thrombotic microangiopathy, is characterized by hemolytic 
anemia, thrombocytopenia, and acute renal failure. Caused by genetic mutations in the alternative complement 
cascade, aHUS often will culminate in end-stage renal disease and occasionally death. Renal transplantation in 
aHUS patients has been contraindicated in the past due to the recurrence risk, with certain immunosuppres-
sive regimens being commonly attributed. In this study, we analyzed the association between aHUS and im-
munosuppressive agents so as to offer evidence for the use of certain immunosuppressive regimens in renal 
transplant recipients.

 Material/Methods: Our study is a retrospective analysis using data from the United States Renal Data System from 2004 to 2012. 
A cohort of renal transplantation patients diagnosed with aHUS were identified to include in the study. The 
primary endpoint was the determination of aHUS incidence in renal transplant recipients due to various im-
munosuppressive agents. The secondary endpoints were to check the relationship between the drug type as 
well as the demographic variables that increase the risk for aHUS.

 Results: It was found that there was a higher usage of sirolimus (P=0.015) and corticosteroids (P=0.030) in the aHUS 
patients compared to patients in other diagnoses group.

 Conclusions: There was a higher usage of sirolimus and corticosteroids in renal transplantation patients diagnosed with 
aHUS. Unfortunately, due to the rarity of this disease, the sample size was small (n=14). Despite the small sam-
ple size, this data analysis throws light on the relationship between aHUS and immunosuppressive agents in 
renal transplant recipients, although we still have much to learn.
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Background

Thrombotic microangiopathy (TMA) is defined by small vascu-
lature wall thickening, intraluminal platelet thrombosis, and 
partial or complete obstruction of the vessel lumen [1]. Clinical 
manifestations of TMA include microangiopathic hemolytic ane-
mia (MAHC), thrombocytopenia, and organ injury [2]. TMA has 
2 pathologically indistinguishable subtypes, thrombotic throm-
bocytopenic purpura (TTP) and hemolytic uremic syndrome 
(HUS). Hemolytic uremic syndrome (HUS), which is character-
ized by MAHC, thrombocytopenia, and predominantly acute re-
nal failure, can be further classified into typical HUS and atyp-
ical HUS (aHUS) [3]. Typical HUS is marked by bloody diarrhea 
that is frequently secondary to an infectious etiology, common-
ly Shiga toxin-producing enterohemorrhagic Escherichia coli 
(STEC) or Streptococcus pneumonia [3,4]. Whereas aHUS is an 
“ultra rare” condition with an incidence of 0.5/million/year [5]. 
It is called primary aHUS in 50% of patients due to inherited 
or acquired complement abnormality resulting in alternative 
pathway dysregulation or secondary aHUS when latent com-
plement defects are triggered by drugs, pregnancy, solid organ 
transplantations, autoimmune disorders, and infections such 
as Streptococcus pneumonia, human immunodeficiency virus 
(HIV), cytomegalovirus, Epstein-Barr virus, influenza H1N1 and 
hepatitis A and C [5,6]. Nonetheless, some of these secondary 
aHUS patients will not have complement abnormality [5]. In 
addition, aHUS is also caused by mutations in diacylglycerol 
kinase e (DGKE) and defects in cobalamin C [5,6]. Genetic mu-
tations in genes that encode complement regulatory proteins 
such as CFH, CFI, MCP, C3, CFB, or thrombomodulin (THBD), or 
the presence of anti-CFH antibody can result in the activation 
of the complement system [6,7]. In addition, aHUS manifests 
during childhood in 67% of patients with these genetic muta-
tions and most patients under 16 years of age with autoanti-
body formation [3]. Approximately 60% to 70% of those with 
CFH, CFI, and C3 mutations and 30% of those with anti-CFH 
autoantibodies lose renal function during the initial presenta-
tion [3]. Extrarenal manifestation of aHUS involving cardiovas-
cular, pulmonary, gastrointestinal and central nervous system 
have been reported in up to 20% of patients [5].

Until the recent introduction of eculizumab, aHUS carried poor 
prognosis with up to 50% to 80% of patients having end-stage 
renal disease (ESRD) or death [3,5]. Chemotherapeutic or im-
munosuppressive drugs implicated in the pathophysiology of 
aHUS include bleomycin, cisplatin, gemcitabine, mitomycin 
C, tacrolimus, cyclosporine, anti-vascular endothelial growth 
factor (VEGF) drugs, and interferon. [3,6,8]. In 0.8% to 14% of 
all kidney transplantation patients, the development of aHUS 
has been suspected to be a result of post-transplantation im-
munosuppressive drugs, particularly calcineurin inhibitors [7]. 
Due to multiple triggers for aHUS in post-renal transplanta-
tion patients, the nature of the disease varies from that of 

non-transplantation patients [9]. In this study, we retrospec-
tively analyzed the data from the United States Renal Data 
System (USRDS) with the goal to better understand how im-
munosuppressive therapy affects the incidence of aHUS in 
renal transplant recipients. By evaluating the association be-
tween aHUS and immunosuppressive therapy on a large scale, 
we hope that this study could offer evidence for the use of se-
lective immunosuppressive agents in patients at risk for aHUS.

Material and Methods

Database, study population and methods

The USRDS is a national database, funded by the National 
Institute of Diabetes and Digestive and Kidney Diseases [10]. 
USRDS collaborates and compiles data from the United Network 
for Organ Sharing, ESRD networks, and Medicare and Medicaid 
services, representing a significant proportion of claims for ESRD 
patients. USRDS claims data from 2004 to 2012 were used to 
identify a cohort of renal transplantation patients diagnosed 
with aHUS. Identification of aHUS patients was done using any 
inpatient or outpatient claim associated with an International 
Classification of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM) code for TMA (ICD-9-CM: 446.6) and HUS (ICD-9-
CM: 283.1) along with a corresponding procedure code for the 
administration of eculizumab (HCPCS code: J1300) as eculi-
zumab is used only in aHUS patients. Unfortunately, genetic 
testing was not documented in the database to confirm aHUS 
diagnosis. A history of previous kidney transplantation, trans-
plantation after the year 2012 or transplantation before the 
year 2004 were exclusion criteria. The primary endpoint of our 
study was the determination of aHUS incidence in renal trans-
plant recipients due to various immunosuppressive agents. The 
secondary endpoints were to check the relationship between 
drug type and HCPCS codes as well as the demographic vari-
ables that increase the risk for aHUS. With the inclusion crite-
ria of a coded diagnosis of TMA and HUS and treatment with 
eculizumab, 14 of 179 140 patients fit the criteria. Originally, 
we planned to exclude individuals with clotting disorders, pa-
tients with immune system disorders (i.e., HIV, complement 
system disorders), and pre-existing HUS patients awaiting re-
nal transplantation. However, due to the low baseline num-
ber (n=14), we decided to use only the inclusion criteria. It is 
of note that those conditions could play a role in the results.

Security and patient privacy

All the data used in this study was de-identified, stored on pass-
word-protected HIPAA-compliant drives, and only accessed by 
individuals qualified and approved to participate in the project.
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Statistical analysis

Recipient and donor characteristics such as age, race, body 
mass index (BMI), and number of HLA mismatches were calcu-
lated, and statistically significant differences determined by the 
Wilcoxon rank-sum test and Fisher’s exact tests as appropriate. 
Odds ratios and associated 95% confidence intervals were cal-
culated for individual variables. P values and inferential calcula-
tions are suppressed where fewer than 5 observations are avail-
able in a categorical variable of the aHUS cohort. Prespecified 
predictors of interest were used for univariable logistic regres-
sion predicting occurrence of aHUS. P values for these com-
parisons were suppressed where any category had fewer than 
five observations of that category; confidence intervals are pre-
sented to illustrate estimates’ variances. All analyses were per-
formed using R Statistical Computing Language version 3.3.0.

Results

Demographics and patient characteristics are summarized in 
Table 1. Out of 179 140 subjects, 14 fit the criteria of TMA 
and HUS coded diagnosis with concurrent eculizumab treat-
ment. Due to this very low sample size, P values were evaluat-
ed with a high level of caution due to the unpredictable statis-
tics in such a test of small numbers. However, some potential 
associations to note from the study are: 1) the median recip-
ient age was 35 years (27.00, 49.00) for the aHUS patients 
versus 52 years (39.00, 61.00) for other patients (P=0.002). 
2) Out of the 14 patients with aHUS, 28.6% were male and 
71.4% were female. Thus, the majority of aHUS patients were 
female, versus a majority of male patients in the other diag-
noses group (61%). 3) Of the 14 patients with aHUS, 35.7% 
of patients used sirolimus in their maintenance immunosup-
pressive regimen versus 11.5% in the other diagnoses group 
(P=0.015). 4) All of the patients with aHUS used corticosteroids 
for maintenance immunosuppression, while only 69.8% of pa-
tients in other diagnoses group used corticosteroids (P=0.030). 
Other immunosuppressive agents used by most of the aHUS 
patients were tacrolimus (n=12, 85%) and mycophenolate 
mofetil (n=13, 92.9%), while 81.3% and 84.7% of patients in 
the other diagnoses group used these medications for main-
tenance immunosuppression respectively (P=0.938, P=0.635). 
5) Although it was not significant, most commonly used im-
munosuppressive agents for induction in aHUS patients were 
cyclosporine (57.1% vs. 41%, P=0.339), sirolimus (85.7% vs. 
76.4%, P=0.611), tacrolimus (28.6% vs. 8.7%), cyclophospha-
mide (78.6% vs. 62.6%) and alemtuzumab (100% vs. 92.8%). 
No potential associations were found regarding recipient BMI, 
recipient or donor race, or donor gender.

Table 2 shows odds ratios and confidence intervals for various 
predictors. Note that if these had wide confidence intervals 

or high P values, then it was not reasonable to draw any con-
clusions. The most notable test observed from the univariate 
analysis was the age of the recipient, with an odds ratio of 
0.9597, and 2.5% to 97.5% confidence interval of 0.9325–0.9883 
(P=0.005115). Additionally, the “1 or 2 HLA mismatches” like-
ly had an unreliable P value since the confidence interval was 
quite large.

Discussion

Atypical HUS (aHUS) is a disease marked by systemic TMA that 
has the potential to cause vital organ damage with special pre-
dilection to renal vasculature in which endothelium damage 
results in the development of fibrin thrombi. It has been spec-
ulated that various chemotherapeutic and immunosuppressive 
drugs, particularly calcineurin inhibitors, such as cyclosporin 
and tacrolimus, in renal transplantation patients could trigger 
the development of aHUS [11]. Calcineurin inhibitors have been 
associated with the emergence of aHUS in post-transplanta-
tion patients, theorized to be due to drug-induced endothelial 
injury [12]. Renal vasoconstriction is induced by cyclosporine 
and tacrolimus due to elevated angiotensin II, thromboxane 
A2, and endothelin expression. Additionally, vasodilatory pros-
tacyclin and nitric oxide expression is reduced, exacerbating 
ischemia and endothelial damage [12]. Calcineurin inhibitors 
can also induce a hypercoagulable state by stimulating plas-
minogen activator inhibitor and increased platelet aggrega-
tion. Furthermore, mTOR inhibitors contribute to post-trans-
plantation TMA by decreasing VEGF expression and inducing 
endothelial progenitor cell death [13]. Some chemotherapeu-
tic drugs, such as bleomycin and gemcitabine, may also cause 
endothelial damage directly and release von Willebrand fac-
tor (vWF) multimers resulting in platelet aggregation and fi-
brin deposition [8,14].

Recurrence has also been attributed to the use of immunosup-
pressive agents, especially calcineurin inhibitors and mTOR in-
hibitors [15]. Literature suggests these findings endorse clinical 
trials to assist in aHUS prevention strategies such as avoid-
ance of certain immunosuppressive agents [9,15,16]. Other 
studies, however, discourage withdrawal of calcineurin inhib-
itors due to risks of acute rejection. Seitz et al. reported that 
avoidance of calcineurin inhibitors had no effect on reduction 
of the TMA recurrence rates; HUS recurrence in patients with 
CFH, MCP, or CFI mutations occurred despite receiving non-cal-
cineurin inhibitors immunosuppression [17]. Previous studies 
have shown that mTOR inhibitors, such as sirolimus, have a 
negative impact on renal function and aHUS recurrence, like-
ly due to VEGF inhibition [18]. In a case of post-transplanta-
tion de novo aHUS which was reported by Ashman et al., 60% 
to 100% of drug-related nephrotoxic insults was attribut-
ed to switching from calcineurin inhibitors to sirolimus [19]. 
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aHUS patients Other diagnoses P

n 14 179126

Donor age in years (median [IQR]) 46.00 [35.50, 54.00] 40.00 [27.00, 51.00] 0.199

Donor sex n (%)

 Unknown  N£10 (57.1)  64983 (36.3)

 Female  N£10 (35.7)  45190 (25.2)

 Male  N£10 (7.1)  68953 (38.5)

Donor race n (%)

 Native American  N£10 (0)  887 (0.5)

 Asian  N£10 (0)  4977 (2.8)

 Black  N£10 (0)  24026 (13.4)

 White  14 (100)  148225 (82.7)

 Unknown  N£10 (0)  1011 (0.6)

Living donor n (%)  N£10 (57.1)  64983 (36.3) 0.178

Recipient age in years (median [IQR]) 35.00 [27.00, 49.00] 52.00 [39.00, 61.00] 0.002

Recipient BMI (median [IQR]) 27.08 [22.40, 28.83] 27.02 [23.33, 31.28] 0.427

Recipient most recent creatinine (median [IQR])  8.50 [6.25, 11.50] 7.10 [5.10, 9.60] 0.162

Recipient race n (%)

 Native American  N£10 (0)  1652 (0.9)

 Asian  N£10 (0)  9783 (5.5)

 Black  N£10 (21.4)  45117 (25.2)

 White  11 (78.6)  121227 (67.7)

 Unknown  N£10 (0)  1347 (0.8)

Recipient – Male n (%)  N£10 (28.6)  109181 (61.0)

One or two HLA mismatches n (%)  N£10 (42.9)  35297 (19.7) 0.066

Peak PRA (median [IQR]) 37.00 [12.75, 69.50] 32.00 [10.00, 77.00] 0.993

Induction immunosuppression n (%)

 Cyclosporin  N£10 (57.1)  73455 (41.0) 0.339

 Tacrolimus  N£10 (28.6)  15568 (8.7)

 Sirolimus  12 (85.7)  136794 (76.4) 0.611

 Everolimus  N£10 (0)  3716 (2.1)

 Azathioprine  N£10 (0)  81 (0.0)

 Mycophenolate mofetil  N£10 (14.3)  28780 (16.1)

 Corticosteroids  N£10 (0)  180 (0.1)

 Cyclophosphamide  11 (78.6)  112145 (62.6)

Table 1. Demographics and clinical characteristics of patients.
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Table 1 continued. Demographics and clinical characteristics of patients.

aHUS patients Other diagnoses P

 Methotrexate  N£10 (0)  40 (0.0)

 Antilymphocyte globulin  N£10 (0)  1632 (0.9)

 Antithymocyte globulin  N£10 (0)  3223 (1.8)

 IL2-receptor antagonists  N£10 (0)  4 (0.0)

 Nucleotide synthesis inhibitors  N£10 (14.3)  8428 (4.7)

 Anti-CD3 antibody  N£10 (0)  56 (0.0)

 Anti-IL2 antibody  N£10 (35.7)  92431 (51.6) 0.357

 Rituximab  N£10 (0)  81 (0.0)

 Alemtuzumab  14 (100)  166265 (92.8)

 Other antibody  N£10 (0)  3127 (1.7)

 Other IL2 antibody  N£10 (0)  13 (0.0)

 Other  N£10 (57.1)  40138 (22.4) 0.005

Maintenance immunosuppression (n (%))

 Cyclosporin  N£10 (21.4)  27478 (15.3)

 Tacrolimus  12 (85.7)  145677 (81.3) 0.938

 Sirolimus  N£10 (35.7)  20593 (11.5) 0.015

 Everolimus  N£10 (0)  1501 (0.8)

 Azathioprine  N£10 (28.6)  13079 (7.3)

 Mycophenolate mofetil  13 (92.9)  151767 (84.7) 0.635

 Corticosteroids  14 (100)  125087 (69.8) 0.030

 Cyclophosphamide  N£10 (0)  204 (0.1)

 Methotrexate  N£10 (0)  133 (0.1)

 Antilymphocyte globulin  N£10 (0)  318 (0.2)

 Antithymocyte globulin  N£10 (0)  5650 (3.2)

 IL-1R agents  N£10 (0)  25 (0.0)

 Nucleotide synthesis inhibitors  N£10 (0)  3421 (1.9)

 Anti-CD3 antibody  N£10 (0)  2136 (1.2)

 Anti-IL2 antibody  N£10 (0)  540 (0.3)

 Rituximab  N£10 (7.1)  1458 (0.8)

 Alemtuzumab  N£10 (0)  259 (0.1)

 Other antibody  N£10 (0)  65 (0.0)

 Other IL2  N£10 (0)  51 (0.0)

 Other  N£10 (35.7)  7452 (4.2) <0.001
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Additionally, a study performed by Quintrec et al. demonstrat-
ed that mTOR inhibitors were associated with a significant risk 
of aHUS recurrence [20]. With regards to use of corticoste-
roids in post-transplantation immunosuppressive regimens, it 
has been shown in multiple case reports that post-transplan-
tation aHUS recurrence has been attributed to steroid resis-
tant cellular rejection [21,22]. However, corticosteroids have 
been successfully utilized in regimens following the induction 
of immunosuppression with IL-2 receptor antagonists, such 
as basiliximab [23,24]. Our study findings support these ear-
lier findings that mTOR inhibitors such as sirolimus and cor-
ticosteroids are associated with the occurrence of aHUS in 
renal transplant recipients. In addition, although not signifi-
cant, our study revealed other drugs that are more commonly 
used in aHUS patients for maintenance immunosuppression 
were tacrolimus, azathioprine, and mycophenolate mofetil; 

and cyclosporine, tacrolimus, sirolimus, cyclophosphamide, 
and alemtuzumab were used for induction immunosuppres-
sion. In patients with CFH, CFI, or C3 mutations, aHUS will re-
occur in up to 50% of post-renal transplantation and 9 out of 
10 patients will have graft failure [23]. This emphasizes the 
importance of genotyping of all aHUS patients before kidney 
transplantation.

The diagnosis of immunosuppression-induced aHUS can be 
difficult because of myelosuppression from immunosuppres-
sive therapy itself, which can present with similar findings of 
anemia and thrombocytopenia. However, signs of hemoly-
sis (schistocytes, burr cells, raised reticulocyte count, and in-
creased LDH) and a negative Coombs test favor aHUS diag-
nosis [25]. Other laboratory findings include elevated serum 
creatinine, proteinuria, microscopic hematuria, and decreased 

OR 2.5% 97.5% P

Age 0.9597 0.9325 0.9883 0.005115

BMI 0.9434 0.8429 1.009 0.2934

Most recent creatinine 1.116 0.9768 1.253 0.08185

Recipient race

 Asian 1 2.994E-34 3.34E+33

 Black 1141286 3.161E-60 NA

 White 1557424 4.314E-60 NA

 Unknown 1 5.403E-47 1.851E+46

Recipient Male 0.2563 0.07029 0.7661

One or two HLA mismatches 3.056 1.006 8.788 0.03861

CMV Serostatus  

 Negative 219485 2.875E-95 NA

 Not Done 1 4.408E-92 2.269E+91

 Pending 65116 2.481E-142 NA

 Unknown 1 0 Inf

 Positive 1 4.432E-80 2.256E+79

Donor age 1.006 0.9714 1.043 0.7546

Donor Male 0.1178 0.00635 0.642

Donor race

 Asian 1 2.666E-76 3.751E+75

 Black 1 1.265E-71 7.903E+70

 White 4406711 2.472E-141 NA

 Unknown 1 4.012E-96 2.492E+95

Living donor 2.342 0.8145 7.114 0.1151

Table 2. Odds ratios and univariate analysis.
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haptoglobin [14]. Fragmented red blood cells (schistocytes), 
burr cells and microspherocytes can be seen on peripheral 
smears [14]. Investigations to exclude TTP (ADAMTS13 activity 
<10% indicates TTP) and STEC associated HUS (stool culture, 
Shiga toxin serology/PCR) should be done immediately for all 
patients [5]. Evidence suggest that aHUS is highly suspect when 
serum creatinine >2.26 mg/dL and platelet count ³30×109/L, 
and TTP is more likely if serum creatinine <2.26 mg/dL and 
platelet count <30×109/L [26,27]. Since aHUS is a highly fatal 
disease, this approach may help to identify aHUS cases early 
and initiate treatment while awaiting results of ADAMTS13 ac-
tivity, and when Shiga-toxin is absent [26]. Also, in all suspect-
ed aHUS patients, comprehensive evaluation for complement 
system should be done that includes serum/plasma levels of 
C3, CFH, CFI, CFB, and anti-CFH antibodies [5]. Flow cytome-
try for MCP (CD46), and genetic testing for CFH, CFI, CFB, C3, 
MCP, DGKE, and THBD gene mutations should also be consid-
ered in all patients [5]. Renal biopsy shows thickened glomer-
ular capillary walls with fibrin deposition, giving the character-
istic tram-track appearance [14]. IgM and C3 deposits in the 
mesangium will be seen on immunofluorescence and electron 
microscopic shows endothelial injury [28].

Treatment of aHUS involves management of acute kidney injury 
and systemic complications, packed red blood cells for severe 
anemia, platelet transfusions if counts <10 000/cu mm, or ac-
tive bleeding, fluid and electrolyte management and dialysis for 
uremia, fluid overload or electrolyte imbalance [29,30]. Plasma 
exchange and eculizumab, a complement inhibitor, offer spe-
cific forms of treatment for aHUS. While plasma exchange has 
been the standard of care for aHUS, it does not address the un-
derlying cause of complement dysfunction [23]. While plasma 
exchange is effective for removal of antibodies from patient’s 
blood, further evidence, however, is lacking [23]. Eculizumab is 
a monoclonal antibody, which prevents cleavage of C5 to C5a 
and C5b, thus inhibiting the formation of C5b-9 (MAC) [30]. 
Evidence suggest that eculizumab is also effective in patients 
with aHUS recurrence post-renal transplantation and transplan-
tation-associated aHUS [31,32]. In a study involving 12 renal 
transplantation patients with a history of aHUS, 10 patients 
received eculizumab as prophylaxis for recurrence and 2 pa-
tients were given eculizumab for aHUS recurrence [31]. None 
of the patients had aHUS recurrence [31]. Limited informa-
tion is known about the role for eculizumab in pre-transplan-
tation desensitization for aHUS recurrence; yet, there is some 
evidence that it may be effective in preventing antibody me-
diated rejection and thus recurrence of aHUS [33]. One study 
showed that pretreatment with eculizumab could reduce the 
incidence of antibody mediated renal allograft injury within 

the first 3 months, with an incidence rate of 7.2% in the ecu-
lizumab group versus 41.2% in the control group [34]. A case 
study conducted by Davin et al. reports success with prophy-
lactic eculizumab in maintenance of kidney function after a 
third kidney transplantation for aHUS [21]. Their findings im-
ply a strategy for prophylaxis of recurrences in patients with 
complement gene abnormalities.

Due to the extremely small sample size (n=14) in our study, 
it was impossible to do a multivariate analysis that would be 
worthy of statistical integrity. Additionally, the univariate anal-
ysis results and P values for all the tests must be approached 
cautiously due to the small sample size. Interestingly, it was 
found that there was a higher usage of sirolimus (35.7%) with-
in the aHUS population. Although the statistical power of this 
study was not strong enough to determine true association, 
it presents an initiative for future studies to explore the rela-
tionship between immunosuppressive agents and aHUS oc-
currence. As our understanding of aHUS evolves in this regard, 
new immunosuppressive regimens can be considered to pre-
vent incidence and recurrence of this fatal disease.

Conclusions

The molecular understanding of the way by which aHUS devel-
ops provides an avenue for exploration of therapies and strate-
gies that will prevent the occurrence of aHUS in patients post-
renal transplantation. This study highlighted the prevalence of 
sirolimus and corticosteroid usage in patients with aHUS who 
had undergone renal transplantation. Although the study was 
limited by a small sample size due to the rarity of the disease, 
the data analysis is one of the first of its kind and address-
es the paucity of research dedicated to the topic. Due to the 
inherent nature of a retrospective analysis of a rare disease, 
further studies with larger sample size will be difficult but is 
warranted nonetheless.
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