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Abstract: Sex differences among patients with complement-gene-variant-mediated thrombotic
microangiopathy (cTMA) are not well established. We examined demographic and clinical data from
female and male patients with a history of cTMA enrolled in the Vienna thrombotic microangiopathy
(TMA) cohort. Follow-up was three years after first presentation with cTMA. In this single-center
study, we identified 51 patients with a first manifestation of cTMA between 1981 and 2019; 63% were
female (p = 0.09). The median age at diagnosis did not differ between females and males. There was
also no disparity between the sexes with regard to renal function or the need for renal replacement
therapy at presentation. Furthermore, we observed similar use of plasma or eculizumab therapy
and a comparable evolution of renal function of female and male patients. More females showed
risk haplotypes of complement factor H (CFH) and CD46 (97% vs. 68%, p = 0.01), but there was no
difference in the prevalence of rare pathogenic variants in complement-associated genes with regard
to sex. In conclusion, the majority of cTMA patients enrolled in the Vienna TMA cohort were female.
Clinical presentation and renal function did not differ between the sexes, but females more frequently
presented with cTMA risk haplotypes.

Keywords: genetic renal disease; clinical nephrology; hemolytic uremic syndrome; thrombotic
microangiopathy; orphan disease; sex; gender

1. Introduction

Complement-gene-variant-mediated thrombotic microangiopathy (cTMA or atypical hemolytic
uremic syndrome, aHUS) is a rare hereditary and devastating disease, resulting in kidney failure and
premature death [1–3]. It is characterized by microangiopathic hemolytic anemia, thrombocytopenia,
and organ damage due to an alternative complement pathway overactivation within the vascular
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endothelium [4]. Treatment with plasma exchange and, more recently, eculizumab, an anticomplement
factor 5 antibody, has improved renal outcome and patient survival tremendously [5,6].

Among adult patients, the incidence of cTMA is estimated to be less than one case per million [2]
and could be higher in females as compared to males, because pregnancy is an important trigger for
the development of cTMA [7–10]. However, sex differences in the presentation and outcome of cTMA
are not well defined. In this context, a recent analysis from the International aHUS Registry found
that only 9% of females had a pregnancy before disease manifestation [11]. Since multicentric registry
data are frequently incomplete, analysis of well-defined single-center cohorts may be more reliable in
this regard.

The objective of this study was to examine sex differences in the presentation and outcomes
of cTMA patients enrolled in the Vienna thrombotic microangiopathy (TMA) cohort, which is a
large single-center population comprising patients with all kinds of TMA, such as cTMA, thrombotic
thrombocytopenic purpura, or secondary TMA, of various origin.

2. Methods

2.1. Study Population

The Vienna TMA cohort was established in 2014 at the Division of Nephrology and Dialysis,
Department of Medicine III, Medical University of Vienna [12–14]. We continuously include, among
other types of TMA, patients with a diagnosis of cTMA [1].

For this analysis, we included all patients with a diagnosis of cTMA, as defined by Fakhouri et al.,
that presented to our center between 1981 and September 2019 [2]. Secondary TMA was diagnosed
if any risk factors were identified, as described in Aigner et al. [1]. Demographic, clinical, and
genetic data were retrieved from the electronic and paper-based health care records of our institution.
The institutional review board at the Medical University of Vienna approved the study (identifier:
1368/2014). Patients that were prospectively included in the study gave written consent.

2.2. Laboratory Methods

The standard laboratory work-up was carried out at the Department of Laboratory Medicine,
Medical University of Vienna. Complement-specific laboratory work-up (levels of complement factors,
CFH autoantibodies, etc.) was performed at the laboratory of the 3rd Department of Internal Medicine,
Semmelweis University in Budapest, using previously published methods [15]. We used genetic
sequencing and multiplex ligation-dependent probe amplification to search for genetic variants in the
following genes: CFH, CFI, CD46, C3, CFB, THBD, CFHR1, CFHR3-5, and DKGE. Genetic analysis was
performed at the Department of Laboratory Medicine at the Medical University of Vienna and the
research laboratory of the 3rd Department of Internal Medicine, Semmelweis University in Budapest,
as previously described [12].

2.3. Classification of Sequence Variants

Rare genetic variants were categorized for their pathogenicity using published experimental
evidence, reference allele frequencies, and in silico prediction, in accordance with genetic variant
guidelines [16]. We also used the “Database of Complement Gene Variants” for classification as
pathogenic, likely pathogenic, uncertain significance, likely benign, or benign. Common genetic
variants in aHUS-related genes were defined according to Osborne et al., who identified 14 variants
with an allele frequency of >1% in at least one of three reference datasets—1000GP, EVS, and ExAC [9].
We used the prediction tools PolyPhen2 [17], SIFT [18], PROVEAN [19], and Mutation-Taster [20] for
the interpretation of sequence variants.

Complement factor H risk haplotype H3 (CFH-H3) was diagnosed in cases where three variants
were detected (rs3753394, rs3753396, and rs1065489), and if only rs3753396 and rs1065489 were present,
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CFH-H8 was diagnosed. CD46 risk haplotype ggaac (CD46ggaac) was diagnosed if five variants
(rs2796267, rs2796268, rs1962149, rs859705, and rs7144) were present [21].

To further assess the genetic risk of end-stage renal disease (ESRD), we classified patients into
genetic risk categories, according to a modified, previously published, algorithm [13]. We used 3 risk
categories (low, medium, high) to assess the risk of ESRD according to detected variants and risk
haplotypes. The genetic risk categories were as follows: 1 (no or low risk)—no variants, except for
isolated variants in CD46, DGKE, or an isolated heterozygous CD46ggaac or heterozygous CFH-H3
risk haplotype; 2 (moderate risk)—isolated variants in any gene (CFH, CFI, C3, CFB, THBD, CFHR 1-5;
except CD46 or DGKE) or the homozygous CFH-H3 or homozygous CD46ggaac risk haplotype; and
3 (high risk)—variants in any gene together with either CFH-H3 or CD46ggaac risk haplotypes or a
combination of variants and risk haplotypes [22].

2.4. Therapy of cTMA

Patients received either plasma exchange (PE) or plasma infusions (PI), eculizumab, or supportive
therapy, based on clinical judgment and the availability of treatment methods. Plasma exchange
was defined as a minimum of three sessions over five days and plasma infusions as a minimum of
five infusions over five days [23]. When the C5-antibody eculizumab was used, it was administered
according to the manufacturer’s prescribing information [5,24]. Plasma exchange has been used as
a first line of therapy since it became available as a routine therapy in the mid-1980s. Since 2012,
eculizumab has been available, and it is used in cases of failure or intolerance of PE for all patients
with suspected or proven cTMA; a detailed description of the treatment approach can be found in
Aigner et al. [1].

2.5. Statistical Analysis

Data are presented as count and frequency or as mean and standard deviation. For comparison of
means, the Student’s t-test was used for normally distributed values and nonparametric tests were
used for non-normally distributed data. Survival data were estimated by means of Kaplan–Meier
plots and analyzed by performing log-rank tests. To adjust for possible confounders, we performed
multivariate Cox regression models to determine the influence of sex on renal survival, while adjusting
for other covariables (female patients and supportive treatment were used as reference variables).
Cases that were neither on renal replacement therapy (RRT), according to the Austrian Dialysis and
Transplant Registry (OEDTR), nor deceased with missing estimated glomerular filtration rate (eGFR)
were defined as chronic kidney disease (CKD). Kidney transplantation was defined as another type
of RRT. All women older than the age of 16 years at first disease manifestation were included for
calculations concerning pregnancy-associated cTMA. We used MS Excel and IBM SPSS 24.0 for data
management and analysis. A two-tailed p-value of <0.05 was considered statistically significant.

3. Results

3.1. Patients with cTMA Enrolled in the Vienna TMA Cohort

Between 1981 and September 2019, a total of 51 patients with a clinical diagnosis of cTMA were
enrolled in the Vienna TMA cohort (Figure 1). The demographic and clinical details are indicated
in Table 1. The median age at presentation was 28 years for both females and males. Sixty-three
percent were female, and the majority of included patients were older than 18 years at the time of first
disease manifestation (78%). Two patients had a family history of cTMA, and 19 patients (38.3%) had
recurrent cTMA. In total, 10 female patients (31%) presented with cTMA during pregnancy or shortly
after delivery.
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Figure 1. Patients enrolled in the Vienna thrombotic microangiopathy (TMA) cohort. Abbreviations: 
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microangiopathy; TTP, thrombotic thrombocytopenic purpura; KTX, kidney transplantation; HD, 
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Table 1. Patient characteristics and clinical presentation. 

Characteristic All Patients (n = 51) 

Age at presentation, years 28 (19–39) 

Presentation < 18 years 11 (21.6%) 

Female 32 (62.7%) 

Race  

Caucasian 45 (88.2%) 

Black 3 (5.9%) 

Asian 3 (5.9%) 

Family history 2 (4%) 

RRT at presentation 30 (58.8%) 

Chronic RRT after hospital discharge (initial presentation) 21 (41.2%) 

Death from any cause in the first 3 years 1 (2%) 

ESRD after 1 year 23 (45%) 

ESRD after 3 years 24 (47%) 1 

PE/PI at presentation 28 (39.3%) 

Eculizumab after PE/PI at presentation 7 (15.7%) 

Anti-FH autoantibodies 1 (2%) 

Patients with relapsing disease 19 (38.3%) 

Kidney transplant recipients within 3 years 11 (21.5%) 

Genetic variants (including risk haplotypes) n/n screened 48/50 (94%) 2 

Rare variants, n/n screened 27/50 (54%) 

CFH-H3, n/n screened 31/50 (62%) 

Heterozygous 25 (50%) 

Homozygous 6 (12%) 

CD46ggaac, n/n screened 36/50 (72%) 

Heterozygous 23 (46%) 

Homozygous 13 (26%) 

Abbreviations: RRT, renal replacement therapy; ESRD, end-stage renal disease; PE/PI, plasma 

exchange/plasma infusions; FH, factor H; CFH, complement factor H; CFH-H3, complement factor H 

risk haplotype H3; CD46ggaac, CD46 risk haplotype ggaac. 1 No 3-year follow-up data for seven 

patients; 2 Individual genetic data given in supplementary material. 
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Figure 1. Patients enrolled in the Vienna thrombotic microangiopathy (TMA) cohort.
Abbreviations: TMA, thrombotic microangiopathy; cTMA, complement-gene-variant-mediated
thrombotic microangiopathy; TTP, thrombotic thrombocytopenic purpura; KTX, kidney transplantation;
HD, hemodialysis; CKD, chronic kidney disease.

Table 1. Patient characteristics and clinical presentation.

Characteristic All Patients (n = 51)

Age at presentation, years 28 (19–39)
Presentation < 18 years 11 (21.6%)

Female 32 (62.7%)
Race

Caucasian 45 (88.2%)
Black 3 (5.9%)
Asian 3 (5.9%)

Family history 2 (4%)
RRT at presentation 30 (58.8%)

Chronic RRT after hospital discharge (initial
presentation) 21 (41.2%)

Death from any cause in the first 3 years 1 (2%)
ESRD after 1 year 23 (45%)
ESRD after 3 years 24 (47%) 1

PE/PI at presentation 28 (39.3%)
Eculizumab after PE/PI at presentation 7 (15.7%)

Anti-FH autoantibodies 1 (2%)
Patients with relapsing disease 19 (38.3%)

Kidney transplant recipients within 3 years 11 (21.5%)
Genetic variants (including risk haplotypes) n/n

screened 48/50 (94%) 2

Rare variants, n/n screened 27/50 (54%)
CFH-H3, n/n screened 31/50 (62%)

Heterozygous 25 (50%)
Homozygous 6 (12%)

CD46ggaac, n/n screened 36/50 (72%)
Heterozygous 23 (46%)
Homozygous 13 (26%)

Abbreviations: RRT, renal replacement therapy; ESRD, end-stage renal disease; PE/PI, plasma exchange/plasma
infusions; FH, factor H; CFH, complement factor H; CFH-H3, complement factor H risk haplotype H3; CD46ggaac,
CD46 risk haplotype ggaac. 1 No 3-year follow-up data for seven patients; 2 Individual genetic data given in
supplementary material.
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3.2. Sex Differences in Renal Function During Presentation and Follow-Up of cTMA

The median age at presentation was 27.5 years for female patients, while the median age for male
patients was 29 years (p = 0.93) (Figure S1, Table 2. The male-to-female ratio was 1:1.68 in the whole
cohort, 1:1.85 in the adult population, and 1:1.2 in the patients <18 years of age at disease manifestation.
In total, 10 female patients had their first disease episode during or shortly after pregnancy. Excluding
patients with pregnancy-related cTMA manifestations, the adult male-to-female ratio was 1:1.16, which
resembles the cohort of patients under the age of 18. The majority of patients of both sexes (29 females,
19 males) presented with acute kidney injury. Eighteen (56.3%) of 32 female patients and 12 (63.2%) of
19 male patients were dependent on RRT within 3 days of first presentation (Figure S2). Of the female
patients, 15 received PE, 5 received PE followed by eculizumab, 1 received PI, and 11 patients were
treated with supportive measures. Male patients were treated with PE in 5 cases, 2 were switched
from PE to eculizumab, and 12 received supportive treatment (Table 3). Six female and three male
patients recovered their kidney function and RRT could be terminated at the time of hospital discharge.
Those six female patients were treated with PE in four cases and by PE followed by eculizumab
in two cases. The three male patients were treated with PE, PE followed by eculizumab, and with
supportive measures, respectively. One male patient died during the first cTMA episode and was
the only patient who tested positive for anti-CFH autoantibodies. We could not detect a difference in
treatment responses concerning the probability of ESRD after 1 and 3 years between male and female
patients (hazard ratio (HR) 0.97 (95% confidence interval: 0.63–1.50); Table 4). No difference in the
patients treated with eculizumab concerning the probability of ESRD after 1 and 3 years between male
and female patients could be detected using the log-rank test-based regression (p = 0.82).

Table 2. Sex differences in renal function at presentation and during follow-up.

Characteristic Female Male p

Patients 32 (63%) 19 (37%) 0.09
Patients presenting with p-cTMA 10 (32%) n.a.
Age at diagnosis, years (median) 27.5 29 0.96
Kidney function at presentation

AKI 29 (91%) 14 (74%)
Acute RRT 18 (56%) 12 (63%) 0.63

Kidney function at 1-year follow-up 0.28
Chronic kidney disease 19 (59%) 8 (42%)

Dialysis 13 (41%) 10 (53%)
Deceased 0 1 (5%)

Kidney transplant 0 0
Kidney function at 3-year follow-up 1 0.34

Chronic kidney disease 12 (38%) 7 (37%)
Dialysis 8 (25%) 5 (26%)

Deceased 0 1 (5%)
Kidney transplant 6 (19%) 5 (26%)

Abbreviations: p-cTMA, pregnancy-associated complement-gene-variant-mediated thrombotic microangiopathy;
n.a., not applicable; AKI, acute kidney injury; RRT, renal replacement therapy. 1 Shorter follow-up than 36 months
or lost to follow-up in six female patients and one male patient.

Table 3. Therapy of cTMA at presentation.

Characteristic Female (n = 32) Male (n = 19) p

Treatment at presentation 0.15
PE/PI 16 (52%) 5 (26%)

Eculizumab after PE 5 (16%) 2 (11%)
Supportive 11 (34%) 12 (63%)

Abbreviations: PE, plasma exchange; PI, plasma infusion.
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Table 4. Predictors of ESRD after 1 (Model 1) and 3 (Model 2) years (multivariate Cox regression).

Variables Crude HR Adjusted HR Confidence Interval p

Model 1
Sex 1.44 1.44 0.63–3.30 0.39

Genetic risk
category 1.02 0.63–1.65 0.94

Treatment 0.97 0.63–1.50 0.89
Model 2

Sex 1.254 1.33 0.59–3.0 0.49
Genetic risk

category 1.07 0.67–1.72 0.79

Treatment 0.95 0.61–1.47 0.8

Abbreviations: ESRD, end-stage renal disease; HR, hazard ratio.

At hospital discharge, 11 female patients were dependent on RRT, and 14 and 15 female patients
were dependent on RRT after one and three years of follow-up, respectively (Figure 2). In male patients,
nine were on RRT at hospital discharge and one patient died during the first disease manifestation.
After both 12 and 36 months of follow-up, 10 male patients were dialysis dependent. A multivariate
Cox regression model showed a hazard ratio (HR) of 1.44 and, therefore, a trend toward an increased
risk of ESRD for male patients. However, no statistically significant influence of sex, genetic risk
category, or treatment method on the risk of ESRD after 12 and 36 months could be shown (Table 4).
A total of five female patients and one male patient were lost to follow-up after three years.
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Figure 2. Renal survival of patients with cTMA enrolled in the Vienna TMA cohort according to
sex. Abbreviations: cTMA, complement-gene-variant-mediated thrombotic microangiopathy; TMA,
thrombotic microangiopathy; RRT, renal replacement therapy.

The mean eGFR (Chronic Kidney Disease Epidemiology Collaboration, CKD-EPI) in female
patients was 63.5 (± 36.7) one year after presentation and was 65.5 (± 48.7) mL/min per 1.73 m2 after
three years. For female patients, the mean time to eGFR < 60 mL/min per 1.73 m2 was 453 days (95% CI:
557–649). In male patients, the mean eGFRs (CKD-EPI) one and three years after presentation were
56.4 (± 39.4) and 75.0 (± 34.7) mL/min per 1.73 m2, respectively. Male patients had a mean time to
eGFR < 60 mL/min per 1.73 m2 of 243 days (95% CI: 25–461) (p = 0.08) (Figure S3).

After 12 months of follow-up, no patient had received a renal transplant; however, after 36 months,
six female and five male patients had received a kidney graft (Figure S4).

We could not detect a statistically significant difference for renal outcomes between sexes (please
refer to Tables 2 and 4).
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3.3. Sex Differences in Genetics

Genetic analysis of genes associated with cTMA were available in 50 patients (32 females, 18 males).
Details of the genetic analysis of all patients are indicated in Table S1. Genetic analysis was not available
in one male patient who tested positive for anti-CFH antibodies. Rare genetic variants were detected
in 19 (59%) female and 8 (42%) male patients, respectively (p = 0.38) (Table 5).

Table 5. Summary of genetic variants.

Characteristic Female Male p

Patients 32 (63%) 19 (37%) 0.09
Rare genetic variant 1 19 (59%) 8 (42%) 0.38

ACMG category 0.93
Pathogenic 6 (19%) 3 (16%)

Likely pathogenic 5 (16%) 1 (5%)
Variant of unknown

significance 8 (25%) 4 (21%)

Genetic risk category 0.81
Low risk (Category 1) 9 (28%) 7 (37%)

Medium risk (Category 2) 9 (28%) 4 (21%)
High risk (Category 3) 14 (44%) 7 (37%)

CFH-H3 0.15
Heterozygous 19 (59%) 6 (32%)
Homozygous 4 (13%) 2 (11%)
CD46ggaac 0.8

Heterozygous 15 (47%) 8 (42%)
Homozygous 9 (28%) 4 (21%)

CFH-H3 and CD46ggaac 0.24
Heterozygous and

heterozygous 8 (25%) 4 (21%)

Heterozygous and
homozygous 6 (19%) 1 (5%)

Homozygous and
heterozygous 2 (6%) 2 (11%)

Homozygous and
homozygous 0 0

CFH-H3 or CD46ggaac 31 (97%) 13 (68%) 0.01

Abbreviation: ACMG, American College of Medical Genetics and Genomics. 1 No data available for one male patient.

In female patients, rare genetic variants in CFH, CD46, and C3 were most frequently diagnosed
(each n = 4), followed by variants in CFHR5 (n = 2) and in THBD, DKGE, and CFI (each n = 1). Whereas
in the male population, variants in CFH and CFI were most frequently diagnosed (each n = 3), followed
by variants in CD46 and C3 (each n = 1), and no rare variants were detected in the remaining genes
(Figure S5).

If variants were classified according to the ACMG, we detected eight variants of unknown
significance (VUS), five likely pathogenic, and six pathogenic variants in our female patients, while we
detected four VUS, one likely pathogenic, and three pathogenic variants in male patients (p = 0.73).

According to the genetic risk score, 14, 9, and 9 female patients were categorized as high, medium,
and low genetic risk of progressing to ESRD, respectively, while 7 male patients were categorized as
high risk, 4 as medium risk, and 7 as low risk (p = 0.81).

Nineteen female patients tested positive for the heterozygous variant of the CFH-H3 risk haplotype
and four for the homozygous variant; in contrast, six male patients tested positive for the heterozygous
variant of CFH-H3 and two for the homozygous variant (p = 0.15). In addition, 15 females were
heterozygous and 9 were homozygous for the CD46ggaac risk haplotype, while 8 and 4 male patients
were heterozygous and homozygous for CD46ggaac, respectively (p = 0.8; Figure 3). Eighteen female
and seven male patients tested positive for any genetic risk haplotype (p = 0.01).
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Figure 3. (A) count and (B) proportion of CFH-H3 and CD46ggaac risk haplotypes in patients
diagnosed with cTMA according to sex. Abbreviations: het, heterozygous; hom, homozygous. CFH-H3,
complement factor H risk haplotype H3; CD46ggaac, CD46 risk haplotype ggaac.

Furthermore, patients were classified according to genetic risk for ESRD. In total, 14 female and
7 male patients were categorized as high risk, 9 female and 4 male patients as medium risk, and
9 female and 7 male patients as low risk (Figure S6).

Female patients classified as low risk had a mean renal survival of 598 days (95% CI: 248–948),
whereas patients classified as medium risk had a mean renal survival of 973 days (95% CI: 655–1291)
and high-risk patients had a mean renal survival of 584 days (95% CI: 309–860) (p = 0.91). In contrast,
male patients classified as low risk had a mean renal survival of 629 days (95% CI: 230–1028), whereas
patients classified as medium risk had a mean renal survival of 328 days (95% CI: 0–770) and high-risk
patients had a mean renal survival of 469 days (95% CI: 68–871) (p = 0.60).
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4. Discussion

Our study shows that the majority of cTMA patients enrolled in the Vienna TMA cohort were
female. Clinical presentation and renal function did not differ between the sexes, but females more
frequently presented with cTMA risk haplotypes in CFH and CD46.

4.1. Sex and Age at Presentation

Our study of 51 patients with cTMA, shows a female preponderance of 63%, mainly due to female
patients affected by p-cTMA. Previous studies have shown that more adult female than male patients
present with cTMA or secondary TMA [11,21,25–28]. In a large study of 273 patients with primary and
secondary TMA, sex was indicated for 225 patients. The male-to-female ratio in these cases was 125:120
(1:1.04), and sex was not examined as a disease modifying factor [25]. In the study by Bresin et al., there
were more males among patients with combined cTMA genetic variants [29]. Another large study of
214 pediatric and adult patients with cTMA from Fremeaux-Bacchi et al. showed a male-to-female
ratio of 1:2.9 (32:93) in adults and of 1:0.9 (47:42) in children [26]. Of interest, in 18 out of 93 females
enrolled in this study, the onset of cTMA was associated with pregnancy [26]. In another analysis
from France of 110 patients with secondary TMA, the male-to-female ratio was 1:1.44 (45:65) [27]. An
update of a French cTMA cohort recently showed females to predominate males with a male-to-female
ratio of 1:1.78 (143:254) [28]. Similarly, Szarvas et al. described more female than male patients with a
male-to-female ratio of 1:1.3 (13:17) in a cohort of cTMA patients with eastern European descent [21].
In one of the largest studies of 851 patients with cTMA, including 14% with secondary TMA, enrolled
in the Global aHUS Registry, the male-to-female ratio at childhood presentation was 1.3:1 and 1:2
for adult presentation. Male patients with aHUS were younger (median age: 10.0 years) at initial
presentation than female patients (median age: 25.6 years). Sex, however, showed no association with
ESRD risk, and the effect of age on patient survival was not considered in this analysis [11]. Finally,
Osborne and colleagues described 1231 cTMA/aHUS patients, enrolled from six reference centers, with
at least one identified rare variant in complement-alternative-pathway-associated genes [9]. Among
patients with known sex, 36% (440) were female and 29% (363) were male. However, when patients
with CFH variants were removed from the analyses, the number of females (244) and males (225)
was not significantly different, showing a trend toward more females for CFH variants. For example,
in p-cTMA, most patients harbor CFH variants [7,8]. Summarizing the abovementioned studies, it
appears that there is a female predominance among adult cTMA patients, which is likely related to the
number of p-cTMA cases.

4.2. Renal Survival and cTMA Specific Therapy

The influence of biological sex on renal or patient survival in cTMA patients has not been analyzed
in the majority of previously published studies. To our knowledge, only Schäfer et al. examined the
differences in the ESRD-free survival probability of male and female patients and could not find a
statistically significant difference [11]. In our cohort, we could not find a difference in renal outcomes
at the time of discharge or after one and three years of follow-up. However, male patients had a shorter
mean time to eGFR < 60 mL/min per 1.73 m2 (243 days; 95% CI: 45–461) than female patients (453 days;
95% CI: 557–649; p = 0.08). Furthermore, the HR for ESRD showed a trend toward a higher risk for
male patients, which increased slightly after adjusting for genetic risk category, which could indicate a
higher awareness for cTMA in female patients. Of course, a random effect cannot be ruled out. In
addition, no significant difference in the number of kidney transplant recipients within three years of
follow-up was detected.

No statistically significant difference between genders concerning treatment regimens could be
detected. In the overall cohort, 21 patients were treated with PE as therapy for cTMA. Of those, 12
patients were initially dependent on RRT and 7 were still on RRT after 12 months. This shows a
comparable success rate of plasma therapy compared to previously published data [29]. The large
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number of patients treated with supportive measures can be explained by the large timespan of disease
presentation covered by this study (i.e., PE was not readily available in the 1980s). In 2012, eculizumab
became available for the treatment of cTMA patients in Austria. The mean renal survival was longer
after 2012 than before 2012; however, this difference was not statistically significant (p = 0.06). Of the
seven patients that received eculizumab at first disease presentation during the reported time, two
were male and five female. Of those, one male and one female patient were dependent on chronic RRT
after 12 months. Furthermore, one patient recovered their renal function under therapy. No difference
in treatment response could be detected between sexes.

4.3. Genetic Variants

Genetic variants in genes associated with complement function or regulation are well-known
susceptibility factors for cTMA. Previous data have shown a trend toward a higher prevalence of rare
variants in CFH (which tend to be the most deleterious considering renal and patient survival) in
female patients. However, other analyses considering this topic are lacking. In our cohort, we found
a similar prevalence of rare variants in female and male patients. Conversely, we found that female
patients were more likely to harbor either a CHF-H3 or CD46ggaac risk haplotype than male patients
(31 females, 13 males; p = 0.01). These at-risk haplotypes increased the risk for cTMA fourfold and
threefold, respectively, in a large French cohort [26]. The clinical relevance of this finding needs to
be validated in a larger cohort. As in one of our previous studies, we categorized patients according
to genetic variants into three risk categories, taking all detected variants as well as risk haplotypes
into account [13]. However, we did not find a difference in risk for ESRD between sexes and the three
genetic risk groups.

4.4. Limitations

We are aware of several limitations that are inherently bound to a study of retrospective nature,
and these include the large timespan of reviewed cases (i.e., specific therapies were not available in the
1980s) and the small case numbers compared to other multicenter analyses.

5. Conclusions

In conclusion, our data hints that pregnancy is a large contributing factor for why the majority
of adult patients are female. In our cohort, female patients tended to have superior kidney survival
compared to male patients. We did not find any differences in the prevalence of rare genetic variants
between male and female patients; however, female patients are significantly more likely to harbor a
CFH-H3 or CD46ggaac risk haplotype.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/4/964/s1:
Figure S1: Age at presentation with complement-gene-variant-mediated TMA of patients enrolled in the Vienna
TMA cohort according to sex; Figure S2: Count of patients on renal replacement therapy at presentation according
to sex; Figure S3: Patients with complement-gene-variant-mediated TMA enrolled in the Vienna TMA cohort with
an eGFR greater than 60 mL/min per 1.73 m2 according to sex; Figure S4: (A) Count and (B) proportion of kidney
transplants among female and male patients with cTMA enrolled in the Vienna TMA cohort; Figure S5: Count of
patients enrolled in the Vienna TMA cohort with cTMA due to rare variants in (A) CFH and (B) all relevant genes
according to sex; Figure S6: Time to renal replacement therapy in days for each genetic risk category (low, medium,
high) for a total follow-up of three years; Table S1: Summary of genetic variants of 50 patients with cTMA.

Author Contributions: Conceptualization, C.A. and G.S.-P.; methodology, C.A., M.G., and G.S.-P.; formal analysis,
C.A., M.G., and G.S.-P.; investigation, C.A., M.G., R.K., Z.P., N.G., D.C., R.S.-P., L.C.P., N.H.-V., A.S., and G.S.-P.;
data curation, C.A.; writing—original draft preparation, C.A. and G.S.-P.; writing—review and editing, C.A., M.G.,
R.K., Z.P., N.G., D.C., R.S.-P., L.C.P., N.H.-V., A.S., and G.S.-P.; visualization, C.A. and G.S.-P.; supervision, G.S.-P.;
project administration, C.A. All authors have read and agreed to the published version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

http://www.mdpi.com/2077-0383/9/4/964/s1


J. Clin. Med. 2020, 9, 964 11 of 12

References

1. Aigner, C.; Schmidt, A.; Gaggl, M.; Sunder-Plassmann, G. An updated classification of thrombotic
microangiopathies and treatment of complement gene variant-mediated thrombotic microangiopathy.
Clin. Kidney J. 2019, 12, 333–337. [CrossRef] [PubMed]

2. Fakhouri, F.; Zuber, J.; Fremeaux-Bacchi, V.; Loirat, C. Haemolytic uraemic syndrome. Lancet 2017, 390,
681–696. [CrossRef]

3. George, J.N.; Nester, C.M. Syndromes of thrombotic microangiopathy. N. Engl. J. Med. 2014, 371, 654–666.
[CrossRef] [PubMed]

4. Brocklebank, V.; Wood, K.M.; Kavanagh, D. Thrombotic microangiopathy and the kidney. Clin. J. Am. Soc.
Nephrol. 2018, 13, 300–317. [CrossRef]

5. Legendre, C.M.; Licht, C.; Muus, P.; Greenbaum, L.A.; Babu, S.; Bedrosian, C.; Bingham, C.; Cohen, D.J.;
Delmas, Y.; Douglas, K.; et al. Terminal complement inhibitor eculizumab in atypical hemolytic-uremic
syndrome. N. Engl. J. Med. 2013, 368, 2169–2181. [CrossRef]

6. Loirat, C.; Fremeaux-Bacchi, V. Atypical hemolytic uremic syndrome. Orphanet. J. Rare Dis. 2011, 6, 60.
[CrossRef]

7. Bruel, A.; Kavanagh, D.; Noris, M.; Delmas, Y.; Wong, E.K.S.; Bresin, E.; Provot, F.; Brocklebank, V.; Mele, C.;
Remuzzi, G.; et al. Hemolytic uremic syndrome in pregnancy and postpartum. Clin. J. Am. Soc. Nephrol.
2017, 12, 1237–1247. [CrossRef]

8. Huerta, A.; Arjona, E.; Portoles, J.; Lopez-Sanchez, P.; Rabasco, C.; Espinosa, M.; Cavero, T.; Blasco, M.;
Cao, M.; Manrique, J.; et al. A retrospective study of pregnancy-associated atypical hemolytic uremic
syndrome. Kidney Int. 2018, 93, 450–459. [CrossRef]

9. Osborne, A.J.; Breno, M.; Borsa, N.G.; Bu, F.; Frémeaux-Bacchi, V.; Gale, D.P.; van den Heuvel, L.P.;
Kavanagh, D.; Noris, M.; Pinto, S.; et al. Statistical validation of rare complement variants provides insights
into the molecular basis of atypical hemolytic uremic syndrome and C3 glomerulopathy. J. Immunol. 2018,
200, 2464–2478. [CrossRef]

10. Fakhouri, F.; Roumenina, L.; Provot, F.; Sallee, M.; Caillard, S.; Couzi, L.; Essig, M.; Ribes, D.;
Dragon-Durey, M.A.; Bridoux, F.; et al. Pregnancy-associated hemolytic uremic syndrome revisited
in the era of complement gene mutations. J. Am. Soc. Nephrol. 2010, 21, 859–867. [CrossRef]

11. Schaefer, F.; Ardissino, G.; Ariceta, G.; Fakhouri, F.; Scully, M.; Isbel, N.; Lommele, A.; Kupelian, V.;
Gasteyger, C.; Greenbaum, L.A.; et al. Clinical and genetic predictors of atypical hemolytic uremic syndrome
phenotype and outcome. Kidney Int. 2018, 94, 408–418. [CrossRef] [PubMed]

12. Gaggl, M.; Aigner, C.; Csuka, D.; Szilagyi, A.; Prohászka, Z.; Kain, R.; Haninger, N.; Knechtelsdorfer, M.;
Sunder-Plassmann, R.; Sunder-Plassmann, G.; et al. Maternal and fetal outcomes of pregnancies in women
with atypical hemolytic uremic syndrome. J. Am. Soc. Nephrol. 2018, 29, 1020–1029. [CrossRef] [PubMed]

13. Aigner, C.; Böhmig, G.A.; Eskandary, F.; Herkner, H.; Prohászka, Z.; Csuka, D.; Kain, R.; Gaggl, M.;
Sunder-Plassmann, R.; Müller-Sacherer, T.; et al. Preemptive plasma therapy prevents atypical hemolytic
uremic syndrome relapse in kidney transplant recipients. Eur. J. Intern. Med. 2019, 73, 51–58. [CrossRef]
[PubMed]

14. Haninger-Vacariu, N.; Aigner, C.; Kain, R.; Prohászka, Z.; Gaggl, M.; Böhmig, G.A.; Piggott, L.C.;
Sunder-Plassmann, R.; Sunder-Plassmann, G.; Schmidt, A. Successful pregnancies during eculizumab
therapy in 2 patients with complement-mediated thrombotic microangiopathy. Kidney Med. 2020. [CrossRef]

15. Prohaszka, Z.; Nilsson, B.; Frazer-Abel, A.; Kirschfink, M. Complement analysis 2016: Clinical indications,
laboratory diagnostics and quality control. Immunobiology 2016, 221, 1247–1258. [CrossRef]

16. Richards, S.; Aziz, N.; Bale, S.; Bick, D.; Das, S.; Gastier-Foster, J.; Grody, W.W.; Hegde, M.; Lyon, E.; Spector, E.;
et al. Standards and guidelines for the interpretation of sequence variants: A joint consensus recommendation
of the American College of Medical Genetics and Genomics and the Association for Molecular Pathology.
Genet. Med. 2015, 17, 405–424. [CrossRef]

17. Adzhubei, I.; Jordan, D.M.; Sunyaev, S.R. Predicting functional effect of human missense mutations using
PolyPhen-2. Curr. Protoc. Hum. Genet. 2013, 7. [CrossRef]

18. Ng, P.C.; Henikoff, S. Predicting deleterious amino acid substitutions. Genome Res. 2001, 11, 863–874.
[CrossRef]

http://dx.doi.org/10.1093/ckj/sfz040
http://www.ncbi.nlm.nih.gov/pubmed/31198225
http://dx.doi.org/10.1016/S0140-6736(17)30062-4
http://dx.doi.org/10.1056/NEJMra1312353
http://www.ncbi.nlm.nih.gov/pubmed/25119611
http://dx.doi.org/10.2215/CJN.00620117
http://dx.doi.org/10.1056/NEJMoa1208981
http://dx.doi.org/10.1186/1750-1172-6-60
http://dx.doi.org/10.2215/CJN.00280117
http://dx.doi.org/10.1016/j.kint.2017.06.022
http://dx.doi.org/10.4049/jimmunol.1701695
http://dx.doi.org/10.1681/ASN.2009070706
http://dx.doi.org/10.1016/j.kint.2018.02.029
http://www.ncbi.nlm.nih.gov/pubmed/29907460
http://dx.doi.org/10.1681/ASN.2016090995
http://www.ncbi.nlm.nih.gov/pubmed/29282226
http://dx.doi.org/10.1016/j.ejim.2019.11.007
http://www.ncbi.nlm.nih.gov/pubmed/31791575
http://dx.doi.org/10.1016/j.xkme.2019.12.004
http://dx.doi.org/10.1016/j.imbio.2016.06.008
http://dx.doi.org/10.1038/gim.2015.30
http://dx.doi.org/10.1002/0471142905.hg0720s76
http://dx.doi.org/10.1101/gr.176601


J. Clin. Med. 2020, 9, 964 12 of 12

19. Choi, Y.; Sims, G.E.; Murphy, S.; Miller, J.R.; Chan, A.P. Predicting the functional effect of amino acid
substitutions and indels. PLoS ONE 2012, 7, e46688. [CrossRef]

20. Schwarz, J.M.; Rodelsperger, C.; Schuelke, M.; Seelow, D. MutationTaster evaluates disease-causing potential
of sequence alterations. Nat. Methods 2010, 7, 575–576. [CrossRef]

21. Szarvas, N.; Szilagyi, A.; Csuka, D.; Takacs, B.; Rusai, K.; Müller, T.; Arbeiter, K.; Reti, M.; Haris, A.; Wagner, L.;
et al. Genetic analysis and functional characterization of novel mutations in a series of patients with atypical
hemolytic uremic syndrome. Mol. Immunol. 2016, 71, 10–22. [CrossRef] [PubMed]

22. Zuber, J.; Le Quintrec, M.; Morris, H.; Fremeaux-Bacchi, V.; Loirat, C.; Legendre, C. Targeted strategies in the
prevention and management of atypical HUS recurrence after kidney transplantation. Transpl. Rev. 2013, 27,
117–125. [CrossRef] [PubMed]

23. Le Quintrec, M.; Zuber, J.; Moulin, B.; Kamar, N.; Jablonski, M.; Lionet, A.; Chatelet, V.; Mousson, C.;
Mourad, G.; Bridoux, F.; et al. Complement genes strongly predict recurrence and graft outcome in adult
renal transplant recipients with atypical hemolytic and uremic syndrome. Am. J. Transpl. 2013, 13, 663–675.
[CrossRef] [PubMed]

24. Summary of Product Characteristics. Available online: https://www.ema.europa.eu/en/documents/product-
information/soliris-epar-product-information_en.pdf (accessed on 4 December 2019).

25. Noris, M.; Caprioli, J.; Bresin, E.; Mossali, C.; Pianetti, G.; Gamba, S.; Daina, E.; Fenili, C.; Castelletti, F.;
Sorosina, A.; et al. Relative role of genetic complement abnormalities in sporadic and familial aHUS and
their impact on clinical phenotype. Clin. J. Am. Soc. Nephrol. 2010, 5, 1844–1859. [CrossRef] [PubMed]

26. Fremeaux-Bacchi, V.; Fakhouri, F.; Garnier, A.; Bienaime, F.; Dragon-Durey, M.A.; Ngo, S.; Moulin, B.;
Servais, A.; Provot, F.; Rostaing, L.; et al. Genetics and outcome of atypical hemolytic uremic syndrome:
A nationwide French series comparing children and adults. Clin. J. Am. Soc. Nephrol. 2013, 8, 554–562.
[CrossRef] [PubMed]

27. Le Clech, A.; Simon-Tillaux, N.; Provot, F.; Delmas, Y.; Vieira-Martins, P.; Limou, S.; Halimi, J.M.; Le
Quintrec, M.; Lebourg, L.; Grange, S.; et al. Atypical and secondary hemolytic uremic syndromes have a
distinct presentation and no common genetic risk factors. Kidney Int. 2019, 95, 1443–1452. [CrossRef]

28. Zuber, J.; Frimat, M.; Caillard, S.; Kamar, N.; Gatault, P.; Petitprez, F.; Couzi, L.; Jourde-Chiche, N.; Chatelet, V.;
Gaisne, R.; et al. Use of highly individualized complement blockade has revolutionized clinical outcomes
after kidney transplantation and renal epidemiology of atypical hemolytic uremic syndrome. J. Am. Soc.
Nephrol. 2019, 30, 2449–2463. [CrossRef]

29. Bresin, E.; Rurali, E.; Caprioli, J.; Sanchez-Corral, P.; Fremeaux-Bacchi, V.; Rodriguez de Cordoba, S.; Pinto, S.;
Goodship, T.H.; Alberti, M.; Ribes, D.; et al. Combined complement gene mutations in atypical hemolytic
uremic syndrome influence clinical phenotype. J. Am. Soc. Nephrol. 2013, 24, 475–486. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1371/journal.pone.0046688
http://dx.doi.org/10.1038/nmeth0810-575
http://dx.doi.org/10.1016/j.molimm.2016.01.003
http://www.ncbi.nlm.nih.gov/pubmed/26826462
http://dx.doi.org/10.1016/j.trre.2013.07.003
http://www.ncbi.nlm.nih.gov/pubmed/23937869
http://dx.doi.org/10.1111/ajt.12077
http://www.ncbi.nlm.nih.gov/pubmed/23356914
https://www.ema.europa.eu/en/documents/product-information/soliris-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/soliris-epar-product-information_en.pdf
http://dx.doi.org/10.2215/CJN.02210310
http://www.ncbi.nlm.nih.gov/pubmed/20595690
http://dx.doi.org/10.2215/CJN.04760512
http://www.ncbi.nlm.nih.gov/pubmed/23307876
http://dx.doi.org/10.1016/j.kint.2019.01.023
http://dx.doi.org/10.1681/ASN.2019040331
http://dx.doi.org/10.1681/ASN.2012090884
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Population 
	Laboratory Methods 
	Classification of Sequence Variants 
	Therapy of cTMA 
	Statistical Analysis 

	Results 
	Patients with cTMA Enrolled in the Vienna TMA Cohort 
	Sex Differences in Renal Function During Presentation and Follow-Up of cTMA 
	Sex Differences in Genetics 

	Discussion 
	Sex and Age at Presentation 
	Renal Survival and cTMA Specific Therapy 
	Genetic Variants 
	Limitations 

	Conclusions 
	References

