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Abstract
Background

Atypical hemolytic uremic syndrome (aHUS) is a rare complement-mediated kidney disease with genetic
predisposition and represents up to 10% of pediatric hemolytic uremic syndrome (HUS) cases. Few studies have
evaluated aHUS in Latin American population. We studied a Colombian pediatric cohort to delineate disease
presentation and outcomes.

Methods

A multicenter cohort of 27 Colombian children with aHUS were enrolled between 2010 to 2019. Patients were grouped
by age at onset. Clinical features were compared using analysis of variance (ANOVA) and Fisher exact tests. Renal
biopsy was performed on six patients who were suspected of having other renal diseases before aHUS diagnosis.

Results

Most patients were male (70%). The onset of aHUS occurred frequently before age 4 years (60%) and followed
gastroenteritis as the main triggering event (52%). Age groups were comparable in clinical presentation, disease
severity, treatment, and outcomes. Pulmonary involvement (67%) was the main extrarenal manifestation. A higher
frequency was observed in the 1–7 age group (p = 0.01). Renal biopsies were as follows: three had
membranoproliferative glomerulonephritis (MPGN) type I, one MPGN type III, one C3-glomerulonephritis, and one
rapidly progressive glomerulonephritis. Genetic screening was available in �ve patients and identi�ed 2xCFHR5,
2xMCP, and 1xADAMTS-13/THBD mutations. A total of 15 relapses were seen, of which 8 (72%) occurred in the 1–7
age group. The renal outcome was not signi�cantly different regardless of age group.

Conclusion

In our cohort, we observed a relatively high frequency of extrarenal involvement at �rst presentation represented by
pulmonary manifestations. The renal prognosis at initial presentation was worse than in previous reports.

Background
Atypical hemolytic uremic syndrome (aHUS) is a rare, genetically-mediated systemic disease characterized by the
triad of microangiopathic hemolytic anemia, thrombocytopenia, and acute kidney injury (AKI)1,2. Chronic and
uncontrolled activation of the complement system leads to the activation of endothelial cells, recruitment of platelets,
and thrombotic microangiopathy (TMA)3,4. Out of all typical hemolytic uremic syndrome (HUS) cases in children, up
to 10% are recurrent cases of aHUS2.

According to the etiology, aHUS can be divided into subgroups: complement alternative pathway dysregulation3,5, anti-
complement factor H autoantibodies (anti-CFH)6, mutations in the coagulation pathway gene7, and also in
combination of the above7,8. Regardless of the etiology, patients with aHUS may have extra-renal manifestations (i.e.,
neurological, cardiovascular, pulmonary, and gastrointestinal), and poor outcomes: up to 25% of mortality rate, and
about 50% of disease progression to end-stage kidney disease (ESKD)2,5,9

Various hereditary or acquired de�ciencies in the complement alternative pathway proteins have been identi�ed in up
to 60% of patients with aHUS9, and about 67% of cases with genetic mutations are affected during childhood2. Most
mutations are seen in complement factor H (CFH)10,11 while membrane cofactor protein (MCP or CD46)5 and
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complement factor I (CFI)12 mutations are known to predispose the development of aHUS. Gain-of-function mutations
in complement factor B (CFB)13 and complement 3 (C3)14 genes have been reported in a few cases. Additionally,
mutations in the thrombomodulin gene (THBD), encoding membrane-bound thrombomodulin have been also related
to aHUS15.

The genetic composition of Latin American populations is a heterogeneous result of admixture mainly between
European, Native American, and African populations16,17. Colombia has a strong background of African and
indigenous populations which has differentially shaped the genetic population structure when compared with regions
of other countries18,19. Patient registries are required to characterize the diseases natural history and to evaluate
clinical therapies. Since genetic backgrounds largely underlie the pathogenesis of aHUS, investigation of the clinical
and genetic characteristics in patients with different ethnic backgrounds may be of clinical value. However, our
knowledge of the pediatric aHUS clinical pro�le in our region is limited. This study aims to describe a series of
pediatric cases with aHUS in a nationwide Colombian cohort.

Methods

Study population and design
From 2010 to 2019, unrelated Colombian children with aHUS were prospectively collected from different medical
centers throughout Colombia (Fig. 1). Diagnosis of aHUS was based on clinical criteria: hemolytic anemia
characterized by a hemoglobin (Hb) level < 10g/dl, thrombocytopenia with a platelet count < 150x109/l, elevated levels
of lactate dehydrogenase (LDH), negative Coombs test, and neurological/pulmonary/gastrointestinal organ
involvement. All are in association with acute kidney injury (AKI) (i.e., serum creatinine levels greater than age-related
norms)20,21.

Patients included in the sample were not required to have an identi�ed complement gene mutation or factor H
autoantibody, nor were they required to have previous or ongoing treatment with eculizumab. Genetic analyses (if
available) were obtained retrospectively. We excluded patients presenting with HUS secondary to drugs, autoimmune
diseases, bone marrow, or solid organ transplantation.

Three groups of patients were individualized according to their age at onset: 0–1, 1–7, and ≥ 7 years. We compared
the clinical �ndings including clinical manifestations, disease severity, extrarenal involvement, treatment, outcomes,
and overall renal survival between the age groups.

Renal biopsy was performed on six patients who were suspected of having another renal disease before aHUS
diagnosis. The presence of proteinuria was de�ned as > 0.2 g/24 h or a positive dipstick for proteins. Hypertension
was de�ned as a consistent blood pressure > p95 for age and length.

Induction and maintenance of Eculizumab therapy were based on the Colombian aHUS clinical consensus criteria21.
Eculizumab was administered according to the patient body weight (Table 1). Patients ever-treated received > 1 dose
of eculizumab prior to, during, or after enrolment. Patients treated were vaccinated against Neisseria meningitides
prior to eculizumab initiation and received prophylactic antibiotics up to 2 weeks post-eculizumab21,22. On the other
hand, patients never-treated had no history of eculizumab being used at any time. Reasons for not receiving
eculizumab were di�culties in acquiring the drug due to cost and availability in the region21. Remission was de�ned
by a normal platelet count, the absence of hemolysis, and (1) a glomerular �ltration rate of > 60 mL per minute per
1.73 mm2 using the Schwartz formula or (2) stable kidney function for at least 6 months21,23
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Table 1
Induction and maintenance of Eculizumab therapy

Body Weight Induction Maintenance

≥ 40 Kg 900 mg per week x 4 doses 1200 mg at week 5, then 1200 mg every 2 weeks

< 40 Kg − 30 Kg 600 mg per week x 2 doses 900 mg at week 3, then 900 mg every 2 weeks

< 30 Kg − 20 Kg 600 mg per week x 2 doses 600 mg at week 3, then 600 mg every 2 weeks

< 20 Kg − 10 Kg 600 mg per week x 1 doses 300 mg at week 2, then 300 mg every 2 weeks

< 10 Kg − 5 Kg 300 mg per week x 1 doses 300 mg at week 2, then 300 mg every 2 weeks

 

Serum complements measurements
Serum concentrations of complement 3 (C3) and complement 4 (C4) were measured by nephelometry at each
hospital.

Statistical Analysis
Numerical variables were summarized by means and ranges. Binary and categorical variables were summarized by
frequency (in percent). To test for important differences in either age groups or eculizumab treatment groups, the
analysis of variance (ANOVA) was performed for numeric variables and Fisher exact test for categorical variables. The
Shapiro-Wilk statistical test con�rmed the normal distribution of the quantitative data for further statistical
evaluations (P > 0.05). As such the above-mentioned so parametric statistical tests were used for the data analysis in
this study. P values < 0.05 were considered statistically signi�cant. Statistical computations were conducted using R-
CRAN version 4.2 software24.

Results

Patients
During the study period, we identi�ed 27 children who met the diagnostic criteria for aHUS. Figure 1 shows the
distribution of this multicenter study in Colombia. Pediatric aHUS patients’ characteristics are summarized in Table 2.
Most patients were male (70%) with a male-to-female ratio of 2. The mean age was 5.1 (interquartile range: 0.2–16
years) and 37% of cases were presented in the 1–7 years age group.
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Table 2

Characteristics of pediatric aHUS patients according to the age of onset
Parameter Age of Onset P value

a
0-1 year
(n=9)

1-7 years
(n=10)

≥7 years
(n=8)

Total
(n=27)

  Mean onset age (yr) 0.6 [0.2-1] 3.4 [1.5-6] 12.4 [8-16] 5.1 [0.2-16]  

Female: Male 4:5 3:7 1:7 8:19 0.43

Clinical
manifestation,
n (%)

Fever 6 (67) 8 (80) 2 (25) 16 (59) 0.08

Hypertension 9 (100) 9 (90) 6 (75) 24 (88) 0.27

Oligo-anuria 5 (56) 7 (70) 4 (50) 16 (59) 0.7

Extrarenal
involment, n (%)

Central nervous
system 

3 (33) 6 (60) 3 (38) 12 (44) 0.55

Cardiovascular 3 (33) 2 (20) 4 (50) 9 (33) 0.58

Hepatic impairment 1 (11) 1 (10) 1 (12) 3 (11) 0,6

Gastrointestinal  6 (67) 5 (50) 5 (63) 16 (59) 0.79

Pulmonary 7 (78) 9 (90) 2 (25) 18 (67) 0.01

Disease severity  Mean Hb (g/dl) 5.8 [3.8-
9.2]

5.5 [3.7-
8.2]

6.2 [4.2-
8.7]

5.8 [3.7-
9.2]

0.33

Mean PLT (109/l) 64.1 [30-
135]

57.8 [31-
93]

50.6 [35-
98]

57.7 [30-
135]

0.59

Mean LDH (U/l) 1910 [350-
3510]

2217 [454-
3400]

1141 [620-
2812]

1796 [350-
3510]

0.11

Mean Cr peak
(mg/dl)

2.8 [0.5-
7.5]

2.3 [1.2-
4.8]

4.2 [1.2-
8.2]

3 [0.5-8.2] 0.22

Mean 24-h PU (g) 0.5 [0.15-
1.25]

0.79 [0.08-
2.25]

0.9 [0.03-
3.4]

0.7 [0.03-
3.4]

0.93

Serum C3 <80 mg/dl,
n (%)

4 (44) 5 (50) 5 (63) 14 (52) 0.24

Serum C4 <15 mg/dl,
n (%)

3 (33) 2 (20) 2 (25) 7 (26) 0.29

Treatment, n (%) Fresh frozen plasma 5 (56) 4 (50) 4 (50) 13 (48) 1

Plasmapheresis 4 (44) 4 (40) 7 (88) 15 (56) 0.28

Acute Dialysis 4 (44) 10 (100) 8 (100) 22 (81) 0.02

Ever-treated with
Eculizumab

7 (77) 8 (80) 5 (62) 20 (74) 0.7

Never-treated with
Eculizumab

2 (22) 2 (20) 3 (37) 7 (26) 0.6

Outcomes, n (%) ESKD 4 (44) 3 (30) 3 (38) 10 (37) 0.88

Death 2 (22) 2 (20) 1 (13) 5 (19) 0.46
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yr, years; Hb, hemoglobin; PLT, platelet; LDH, lactate dehydrogenase; Cr, serum creatinine; PU, proteinuria; ESKD,
end-stage kidney disease. 

Ranges in the square Brackets

a Based on analysis of variance (ANOVA) or Fisher exact Test

 

Clinical �ndings and extrarenal manifestations
Age groups were comparable in clinical manifestations, and disease severity (Table 2). Most patients (60%)
experienced disease onset before age 4 years. Hypertension (blood pressure > 95th percentile for age) was present at
onset in 24/27 (88%) patients. Prespeci�ed triggers for the development of aHUS were as follows: gastroenteritis
(52%), upper respiratory infection (19%), and urinary infection (15%). A combination of triggering events was seen as
well; for instance, diarrhea and fever were seen in 9/27 patients, six of whom also had bloody diarrhea.

All patients had extrarenal involvement. Nineteen cases (70%) had ≥ 2 extrarenal manifestations and 5/27 (18%)
patients had ≥ 4 extrarenal manifestations. Pulmonary involvement (18/27, 67%) was the main extrarenal
manifestation. Other pulmonary failures (21%), pulmonary edema (10%), diffuse alveolar hemorrhage (8%), and
pleural effusion (7%) were recorded. A higher pulmonary frequency involvement was observed in the 1–7 age group
(p = 0.01). Twelve cases (44%) presented with neurologic manifestations (altered consciousness or coma, seizures,
and focal neurologic de�cit), and 3/12 cases had cerebral infarction and edema during their �rst aHUS �are.
Cardiovascular involvement was observed in 9/27 (33%) cases, and mainly manifested as pulmonary hypertension
(14%), hypertrophic cardiomyopathy (11%), and a combination of cardiac failure with dilated cardiac chambers and
decreased ejection fraction (7%). Renal involvement was more severe in the 1–7 years age group, all requiring dialysis
at the �rst aHUS episode.

Renal Biopsy
Clinical data of six patients with biopsy-proven glomerulopathy before aHUS diagnosis are summarized in Table 3.
Three of six patients had membranoproliferative glomerulonephritis (MPGN) type I, one MPGN type III, one C3
glomerulonephritis (C3GN), and one rapidly progressive glomerulonephritis (Fig. 2).
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Table 3

Clinical data of six pediatric aHUS patients with biopsy-proven glomerulopathy
ID Age

(years)

Sex Glomerulopathy IF

(C3)

IF

(IgG)

24-
h
PU

(g)

Serum
C3

(> 80
mg/dl)

Serum
C4

(> 15
mg/dl)

Focused

Therapy

Outcome

2 15 Male MPGN I +++ + 0,4 37 17 PE, steroids ESKD

3 12 Male MPGN I +++ + 0.8 45 32 PE, steroids ESKD

7 0,3 Male MPGN I +++ + 2.2 46 16 Eculizumab Slight
PU

11 3 Male MPGN III ++ - 3.4 56 19 Eculizumab ESKD,
Died

19 0,2 Female RPGN - - 0.4 132 30 PE, steroids ESKD,
Died

20 1 Male C3GN +++ - 0.9 28 24 Eculizumab Slight
PU

CKD, chronic kidney disease; ESKD, end-stage kidney disease; FSGS, focal and segmental glomerulosclerosis;
C3GN, C3 glomerulonephritis; IF, immuno�uorescence staining; MPGN, membranoproliferative glomerulonephritis;
RPGN: Rapidly progressive glomerulonephritis; PE, plasma exchange; PU, proteinuria.

 

Genetic background
Genetic screening to assess alterations in complement-regulating proteins was available in 5/27 (18%) patients. Two
patients were identi�ed with homozygous complement factor H related 5 (CFHR5) mutation (c.3019G > T, p.V1007L;
c.3644G > A, p.R1215Q), two patients with heterozygous MCP mutation (c.565T > G, p.Y189D; c.565T > G, p.Y189D)
and one case with homozygous ADAMTS-13 and heterozygous THBD disease-associated variants (c.3287G > A,
p.Arg1096His; c.1456G > T, p.Asp486Tyr) respectively. We were not able to assess the clinical signi�cance of the
mutation types in this study due to a limited number of cases per mutation.

Treatment
Small volume infusion of fresh-frozen plasma, steroids, plasmapheresis, and eculizumab was comparable used in
age groups. Eleven cases (40%) were on concomitant antiproteinuric agents, such as angiotensin-converting enzyme
inhibitor (ACEI) or angiotensin II receptor blocker (ARA).

There were 20/27 (74%) and 7/27 (26) patients ever-treated and never-treated with eculizumab, respectively. Baseline
clinical characteristics, disease severity, cardiovascular, central nervous system, and pulmonary involvement were
comparable between patients who were ever-treated and never-treated with eculizumab (p > 0.05). A higher frequency
of gastrointestinal system involvement was observed in ever-treated patients (p = 0.008). Complete remission was
observed in 14/20 (70%) ever-treated patients. The proportions of patients receiving acute dialysis and plasma
exchange/plasma infusion did not differ between ever-treated and never-treated patients (p > 0.05). No side effects
were observed with eculizumab treatment in this study

Outcome and renal survival
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Relapses were observed in 8/27 cases. A total of 15 relapses were seen, of which 8 (72%) occurred in the 1–7 age
group. Most relapses occurred after a viral infection, usually of the upper respiratory tract. The time between aHUS
onset and the �rst relapse varied widely, from 1 month to a maximum of 5.5 years. In 42% of patients, chronic
hypertension was seen after the onset; proteinuria was sustained in 20% of cases, and most of these patients had to
be treated for several months with antihypertensive agents.

Two patients received renal transplants without disease recurrence. Despite an initial decrease in the severity of renal
and extrarenal involvement after induction therapy, 5/20 (35%) ever-treated patients remained with slight proteinuria
(> 500 mg/day) and 3/5 progressed to ESRD, of which 1/3 case was on chronic dialysis, received 1 dose of
eculizumab after a TMA manifestation, and died the next day with serious, severe acute respiratory failure and acute
cardiac failure. In these �ve cases, maintenance therapy could not be complete due to di�culties in drug acquisition
and availability.

Overall Kaplan-Meier estimate of the 5-year survival without ESKD was 65% in the aHUS children. The Kaplan-Meier
estimates for ESKD-free survival probability were not different between patients when analyzed by aHUS age groups
(log-rank p = 0.73) (Fig. 3a). Analyses of ESRD-free survival in Eculizumab treatment groups showed longer ESRD
survival in ever-treated patients (log-rank p = 0.016) (Fig. 3b).

Discussion
We have de�ned the clinical data and outcomes of aHUS in a nationwide Colombian series of 27 children according
to age groups. Six patients with aHUS underlying glomerulopathies were also described. This study con�rms previous
registry �ndings25 and provides new insights regarding these phenotypic variables on the clinical manifestation and
progression of aHUS in this population.

In this study, the majority of registry participants are male, supporting previous French aHUS pediatric registry data25.
In contrast, Noris et al5, reported a majority of female patients (47%), suggesting variance in aHUS characteristics by
region and patients enrollment differences. Most of the patients (53%) presented between the age of 1 and 7 years,
which is also the most common age for children with typical HUS, which suggests age at onset cannot always help
distinguish between typical and aHUS1. Cases presenting with LN were excluded since an association of this
condition with microangiopathic hemolytic anemia is well established and up to 10% of LN patients have this
complication. Complement dysregulation and CFH dysfunction in the susceptibility to SLE appears to emerge from
genetic studies26,27.

Although the renal microvasculature is a common site of TMA, aHUS can manifest in many organ systems (i.e.
gastrointestinal, respiratory, cardiovascular, nervous) and can mimic many conditions28. Extrarenal involvement in
aHUS has been mainly reported at initial presentation in both adults and children29. Case series or literature reviews
have reported extrarenal involvement rates up to 46% in recently diagnosed children depending on the organ
system5,20,29,30. The Global aHUS Registry (n = 1321 patients; adult, n = 842; pediatric, n = 479) is the largest aHUS
cohort to systematically record extrarenal manifestations associated with aHUS. The main extrarenal manifestation
associated with aHUS was gastrointestinal involvement in both adults and children at the initial presentation phase
(47%vs.33%, respectively)29. Similarly, an adult aHUS series of cases published elsewhere31 in this population showed
a high frequency of gastrointestinal involvement (75%).

One of the most important observations in this study is the relatively high frequency of extrarenal involvement in
pediatric patients at initial presentation mainly represented by pulmonary manifestations (67%) compared to the
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pediatric pulmonary involvement rate reported in the Global aHUS Registry (12%)29. In this study, a greater proportion
of pediatric patients experienced Gastrointestinal (59%vs.47%) and central nervous system (44%vs.25%) involvement
than Global aHUs Registry29. Complement abnormalities and extrarenal manifestations correlation associated with
aHUS were not assessed due to insu�cient genetic information.

Pulmonary complications of aHUS are typically seen in cases of multiple organ dysfunction and pulmonary edema
associated with cardiac dysfunction and/or systemic volume overload28. Careful monitoring of �uid and respiratory
status is required to reduce the risk of pulmonary compromise28,32. As further data are collected it may become
possible to predict patients at risk of speci�c pulmonary complications, providing useful information to guide
monitoring health strategies.

In our study, up to 15% of cases were diagnosed with other biopsy-proven renal diseases before aHUS diagnosis. We
observed three cases of MPGN type I, one MPGN type III, and one of C3GN. A close link between aHUS and MPGN has
been reported in previous case reports33–35. Cases have been described where renal biopsies �rst suggested MPGN,
and then aHUS or vice versa36, which recognize similar aetiopathogenetic mechanisms involving complement
dysregulation. Mutations in CFH, CFI, and MCP have been reported in patients with type I and type II MPGN which
suggest a genetically determined dysregulation of the alternative pathway of complement in MPGN37. Loss of
regulation of complement alternative pathway activity leads to deposition of complement factors and glomerular
in�ammation, resulting in proliferative glomerulonephritis38,39. Different phenotypical expressions of renal disease
ranging from aHUS to C3GN have been reported27,33,37. In our MGPN/C3GN cases, renal biopsy showed C3 mesangial
deposition. Serum C3 levels were persistently low. These �ndings support the alternative pathway hyperactivation
mechanism and both C3GN and aHUS.

CFH is a cell surface regulatory protein that protects from uncontrolled complement activation by serving as a
cofactor in the cleavage of C3b and accelerating the decay of C3 convertase40. The CFH family is completed by a
total of six CFH-related proteins (CFHRs) that are encoded by genes present as a cluster located on 3’ of CFH (CFHR1,
CFHR2, CFHR3, CFHR4, and CFHR5)40. In this study, homozygous CFHR5 mutation was found in two patients.
Genomic deletions of these genes lead to an undesirable effect on CFH thereby impairing its functions40,41. Genetic
screening in healthcare centers should be recommended to increase understanding of complement mutations
in�uence on aHUS phenotypic variables and progression. This may involve developing either local or regional testing
protocols to ensure appropriate testing of samples as our understanding and technology advance5,29.

Plasma exchange/ plasma infusions (PE/PI) have been the standard of care for aHUS in less developed countries and
health institutions where the anti-C5 inhibitor Eculizumab is not readily available9. Eculizumab cost must be
considered, as it is very expensive with > 300,000 USD/year of treatment per patient and many insurance companies
have budget restrictions42. In our country, it may be a challenging therapeutic strategy given the di�culty of costs and
availability21.

Eculizumab, a humanized monoclonal IgG antibody, was the �rst successful terminal complement inhibitor available
to pediatric aHUS patients. It binds to complement protein C5, preventing cleavage into C5a and C5b. Blocking the
formation of C5b prevents the continuation of the complement cascade and blocks the formation of C5b-9 membrane
attack complex (MAC)9,22,23. In our study, eculizumab therapy allowed to achieve complete remission in 70% of cases
ever-treated, a similar rate was reported by Greenbaum et al43 in a study that evaluated the e�cacy and safety of
weight-based dosing of eculizumab in 22 children with aHUS and reported a remission rate up to 73% by week 24.
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aHUS is known for its poorer prognosis than typical HUS, requiring dialysis in half of the children and reaching ESKD
up to 48% after 5 years of follow up9,25,29. In our study, more than half of children required acute dialysis at initial
presentation with relapses mainly in the 1–7 age group. This may be attributable to the relatively high frequency of
triggering events, the unknown mutational pro�le effect in our population, and the delay in the initiation of
complement inhibitor therapy. Patients who required dialysis were the ones whose clinical presentation was a severe
acute kidney injury.

To our limitation. Firstly, this is a retrospective study with small sample size. Second, genetic screening was available
in a few children, thus, we could not analyze if the mutational pro�les signi�cantly differed in this ethnic group.
Second, a retrospective study may have biased the data regarding treatment outcomes.

Conclusions
In this study, we provided an assessment of clinicopathological features and outcomes of aHUS in Colombian
children. The clinical pro�le was characterized by a relatively high frequency of extrarenal involvement at �rst
presentation represented by pulmonary manifestations. The renal prognosis at initial presentation was worse than in
previous reports. More extensive genetic screening is required for this etiologically unknown population, including
genetic studies of the complement terminal pathway factors and coagulation pathway factors, and possibly,
autoantibodies against CFH.

Abbreviations
aHUS: Atypical hemolytic uremic syndrome

HUS: Hemolytic uremic syndrome

ANOVA: Analysis of variance

MPGN: Membranoproliferative glomerulonephritis

AKI: Acute kidney injury

TMA: Thrombotic microangiopathy

Anti-CFH: Anti-complement factor H autoantibodies

ESKD: End-stage kidney disease

CFH: Complement factor H

MCP: Membrane cofactor protein

CFI: Complement factor I

CFB: Complement factor B

THBD: Thrombomodulin

CFHR: Complement factor H-related protein



Page 12/18

CFHR5: Complement factor H related 5

Hb: Hemoglobin

LDH: Lactate dehydrogenase

C3: Complement 3

C4: Complement 4

ACEI: Angiotensin-converting enzyme inhibitor

ARA: Angiotensin II receptor blocker

C3GN: C3 glomerulonephritis

PE: Plasma exchange

PI: Plasma infusion

MAC: Membrane attack complex

Declarations
Ethics approval and consent to participate

The study was approved by the Ethics Committee of the Clínica de la Costa, Barranquilla, Atlántico, Colombia,
recognized by all participating hospitals. All methods were performed in accordance with the ethical standards as laid
down in the Declaration of Helsinki and its later amendments or comparable ethical standards. Written informed
consent was obtained for the collection of data from all legal representatives of participants.

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.

Competing interests

The authors declare that the research was conducted in the absence of any commercial or �nancial relationships that
could be construed as a potential con�ict of interest.

Funding

No funding was secured for this study.

Authors' contributions



Page 13/18

ZE and AD conceptualized and designed the study. MC, GG, RB, CP, LG, LR, PA, MCa, YA, LA, WM, OL, RG, AQ, GA, and
CM carried out the clinical data collection. ZE and AD analyzed and interpreted the clinical data. ZE, AD, and JV wrote
the �rst draft of this manuscript. MC, GG, DS, AQ, EE, GA and CM reviewed and revised the manuscript. All authors
read and approved the �nal manuscript.

Acknowledgements

Not applicable.

References
1. Zipfel PF, Heinen S, Skerka C. Thrombotic microangiopathies: new insights and new challenges. Curr Opin

Nephrol Hypertens. 2010;19(4):372-378. doi:10.1097/MNH.0b013e32833aff4a

2. Noris M, Remuzzi G. Atypical hemolytic-uremic syndrome. N Engl J Med. 2009;361(17):1676-1687.
doi:10.1056/NEJMra0902814

3. Kurosawa S, Stearns-Kurosawa DJ. Complement, thrombotic microangiopathy, and disseminated intravascular
coagulation. J intensive care. 2014;2(1):65. doi:10.1186/s40560-014-0061-4

4. Raina R, Krishnappa V, Blaha T, et al. �le:///C:/Users/Alex Dominguez/Desktop/raina2018.pdf. Ther Apher Dial.
2019;23(1):4-21. doi:10.1111/1744-9987.12763

5. Noris M, Caprioli J, Bresin E, 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(10):1844-1859.
doi:10.2215/CJN.02210310

�. Dragon-Durey M-A, Loirat C, Cloarec S, et al. Anti-Factor H autoantibodies associated with the atypical hemolytic
uremic syndrome. J Am Soc Nephrol. 2005;16(2):555-563. doi:10.1681/ASN.2004050380

7. Bu F, Maga T, Meyer NC, et al. Comprehensive genetic analysis of complement and coagulation genes in atypical
hemolytic uremic syndrome. J Am Soc Nephrol. 2014;25(1):55-64. doi:10.1681/ASN.2013050453

�. Caprioli J, Noris M, Brioschi S, et al. Genetics of HUS: the impact of MCP, CFH, and IF mutations on clinical
presentation, response to treatment, and outcome. Blood. 2006;108(4):1267-1279. doi:10.1182/blood-2005-10-
007252

9. Raina R, Krishnappa V, Blaha T, et al. Atypical Hemolytic-Uremic Syndrome: An Update on Pathophysiology,
Diagnosis, and Treatment. Ther Apher Dial. 2019;23(1):4-21. doi:10.1111/1744-9987.12763

10. Caprioli J, Bettinaglio P, Zipfel PF, et al. The molecular basis of familial hemolytic uremic syndrome: mutation
analysis of factor H gene reveals a hot spot in short consensus repeat 20. J Am Soc Nephrol. 2001;12(2):297-307.
doi:10.1681/ASN.V122297

11. Fremeaux-Bacchi V, Fakhouri F, Garnier A, 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(4):554-562.
doi:10.2215/CJN.04760512

12. Kavanagh D, Richards A, Noris M, et al. Characterization of mutations in complement factor I (CFI) associated
with hemolytic uremic syndrome. Mol Immunol. 2008;45(1):95-105. doi:10.1016/j.molimm.2007.05.004

13. Goicoechea de Jorge E, Harris CL, Esparza-Gordillo J, et al. Gain-of-function mutations in complement factor B
are associated with atypical hemolytic uremic syndrome. Proc Natl Acad Sci U S A. 2007;104(1):240-245.
doi:10.1073/pnas.0603420103



Page 14/18

14. Frémeaux-Bacchi V, Miller EC, Liszewski MK, et al. Mutations in complement C3 predispose to development of
atypical hemolytic uremic syndrome. Blood. 2008;112(13):4948-4952. doi:10.1182/blood-2008-01-133702

15. Delvaeye M, Noris M, De Vriese A, et al. Thrombomodulin Mutations in Atypical Hemolytic–Uremic Syndrome. N
Engl J Med. 2009;361(4):345-357. doi:10.1056/NEJMoa0810739

1�. Mills MC, Rahal C. A scientometric review of genome-wide association studies. Commun Biol. 2019;2(1):9.
doi:10.1038/s42003-018-0261-x

17. Jiménez-Kaufmann A, Chong AY, Cortés A, et al. Imputation Performance in Latin American Populations:
Improving Rare Variants Representation With the Inclusion of Native American Genomes. Front Genet.
2022;12(January):1-11. doi:10.3389/fgene.2021.719791

1�. Homburger JR, Moreno-Estrada A, Gignoux CR, et al. Genomic Insights into the Ancestry and Demographic
History of South America. PLoS Genet. 2015;11(12):1-26. doi:10.1371/journal.pgen.1005602

19. Conley AB, Rishishwar L, Norris ET, et al. A comparative analysis of genetic ancestry and admixture in the
Colombian populations of chocó and Medellín. G3 Genes, Genomes, Genet. 2017;7(10):3435-3447.
doi:10.1534/g3.117.1118

20. Geerdink LM, Westra D, Van Wijk JAE, et al. Atypical hemolytic uremic syndrome in children: Complement
mutations and clinical characteristics. Pediatr Nephrol. 2012;27(8):1283-1291. doi:10.1007/s00467-012-2131-y

21. Pablo Córdoba J, Mariel Contreras K, Larrarte C, et al. Síndrome hemolítico urémico atípico, revisión de la
literatura y documento de consenso. Enfoque diagnóstico y tratamiento. Rev Colomb Nefrol. 2015;2(1):19-40.

22. Rondeau E, Cataland SR, Al-Dakkak I, Miller B, Webb NJA, Landau D. Eculizumab Safety: Five-Year Experience
From the Global Atypical Hemolytic Uremic Syndrome Registry. Kidney Int Reports. 2019;4(11):1568-1576.
doi:10.1016/j.ekir.2019.07.016

23. Brodsky RA. Eculizumab and aHUS: to stop or not. Blood. 2021;137(18):2419-2420.
doi:10.1182/blood.2020010234

24. R Core Team. R: A Language and Environment for Statistical Computing. Published online 2015.

25. Fremeaux-Bacchi V, Fakhouri F, Garnier A, 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(4):554-562.
doi:10.2215/CJN.04760512

2�. Zhao J, Wu H, Khosravi M, et al. Association of genetic variants in complement factor H and factor H-related
genes with systemic lupus erythematosus susceptibility. PLoS Genet. 2011;7(5):e1002079.
doi:10.1371/journal.pgen.1002079

27. Manenti L, Gnappi E, Vaglio A, et al. Atypical haemolytic uraemic syndrome with underlying glomerulopathies. A
case series and a review of the literature. Nephrol Dial Transplant. 2013;28(9):2246-2259. doi:10.1093/ndt/gft220

2�. Formeck C, Swiatecka-Urban A. Extra-renal manifestations of atypical hemolytic uremic syndrome. Pediatr
Nephrol. 2019;34(8):1337-1348. doi:10.1007/s00467-018-4039-7

29. Schaefer F, Ardissino G, Ariceta G, et al. Clinical and genetic predictors of atypical hemolytic uremic syndrome
phenotype and outcome. Kidney Int. 2018;94(2):408-418. doi:10.1016/j.kint.2018.02.029

30. Hofer J, Rosales A, Fischer C, Giner T. Extra-renal manifestations of complement-mediated thrombotic
microangiopathies. Front Pediatr. 2014;2:97. doi:10.3389/fped.2014.00097

31. Cabarcas-Barbosa O, Aroca-Martínez G, Musso CG, et al. Atypical hemolytic uremic syndrome in the Colombian
Caribbean: its particular characteristics. Int Urol Nephrol. 2022;54(6):1323-1330. doi:10.1007/s11255-021-03011-
5



Page 15/18

32. Formeck C, Swiatecka-Urban A. Extra-renal manifestations of atypical hemolytic uremic syndrome. Pediatr
Nephrol. 2019;34(8):1337-1348. doi:10.1007/s00467-018-4039-7

33. Brackman D, Sartz L, Leh S, et al. Thrombotic microangiopathy mimicking membranoproliferative
glomerulonephritis. Nephrol Dial Transplant. 2011;26(10):3399-3403. doi:10.1093/ndt/gfr422

34. Siegler RL, Brewer ED, Pysher TJ. Hemolytic uremic syndrome associated with glomerular disease. Am J Kidney
Dis. 1989;13(2):144-147. doi:10.1016/s0272-6386(89)80133-7

35. Dische FE, Culliford EJ, Parsons V. Haemolytic uraemic syndrome and idiopathic membranous
glomerulonephritis. Br Med J. 1978;1(6120):1112-1113. doi:10.1136/bmj.1.6120.1112

3�. Jha V, Murthy MSN, Kohli HS, et al. Secondary Membranoproliferative Glomerulonephritis Due to Hemolytic
Uremic Syndrome: An Unusual Presentation. Ren Fail. 1998;20(6):845-850. doi:10.3109/08860229809045182

37. Licht C, Fremeaux-Bacchi V. Hereditary and acquired complement dysregulation in membranoproliferative
glomerulonephritis. Thromb Haemost. 2009;101(02):271-278. doi:10.1160/TH08-09-0575

3�. Barbour TD, Ruseva MM, Pickering MC. Update on C3 glomerulonephritis. Nephrol Dial Transplant.
2016;31(5):717-725. doi:10.1093/ndt/gfu317

39. Noris M, Donadelli R, Remuzzi G. Autoimmune abnormalities of the alternative complement pathway in
membranoproliferative glomerulonephritis and C3 glomerulonephritis. Pediatr Nephrol. Published online 2018:1-
13. doi:10.1007/s00467-018-3989-0

40. Józsi M, Barlow PN, Meri S. Editorial: Function and Dysfunction of Complement Factor H. Front Immunol.
2022;12. doi:10.3389/�mmu.2021.831044

41. Zhang Y, Ghiringhelli Borsa N, Shao D, et al. Factor H Autoantibodies and Complement-Mediated Diseases. Front
Immunol. 2020;11. doi:10.3389/�mmu.2020.607211

42. Gatault P, Brachet G, Ternant D, et al. Therapeutic drug monitoring of eculizumab: Rationale for an individualized
dosing schedule. MAbs. 2015;7(6):1205-1211. doi:10.1080/19420862.2015.1086049

43. Greenbaum LA, Fila M, Ardissino G, et al. Eculizumab is a safe and effective treatment in pediatric patients with
atypical hemolytic uremic syndrome. Kidney Int. 2016;89(3):701-711. doi:10.1016/j.kint.2015.11.026

Figures



Page 16/18

Figure 1

Distribution of pediatric aHUS cases in Colombia.
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Figure 2

Light microscopy �ndings in children who developed glomerulopathy associated with aHUS. (A)
Membranoproliferative glomerulonephritis - silver stain. (B-C) Rapidly progressive glomerulonephritis. (B) Glomerulus
with sclerotic changes, endothelial swelling, and focal mesangiogliosis secondary to thrombotic microangiopathy. (C)
Endothelial proliferation and �brinoid microthrombi. (D) C3 Glomerulopathy (with anti-C3c antibody ×400) diffuse
granular deposition
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Figure 3

Cumulative Kaplan-Meier estimates for end-stage renal disease survival probability analyzed according to pediatric
atypical hemolytic uremic syndrome (aHUS) age groups at initial presentation (a) and Eculizumab treatment group
(b). Number of patients at risk shown for months after initial aHUS presentation.


