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Pediatric Atypical HUS*

% Bacchi* Noris*  Schaefer n=387  Adults
N=89 N=152 N=693
CFH 21.3 25.6 21 21-32
MCP (CD46) 13.5 9.2 14 3.8-6.4
CFI 6.7 2.6 3 5.7-10
C3 7.8 3.9 5 5.7-8.8
CFB 1 - 2 0.4-2.4
Anti-FH 24 [45%6-17yr]  1.9-19
THBD - 7.8 - 0.9
64.7 53 43 43-67

None defined 27.4 47 o7 33-57
DGKe - - 8/101
French. CJASN 2013;8:554; Europe. CJASN 2010;5:1844 JASN 2018; 93 genes; N=400

Global aHUS (n=851): 45% had mutation, antibody «i
2018;94:408
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Clinical Features of Anti-Factor H
Autoantibody-Associated Hemolytic Uremic Syndrome
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ELISA for detecting anti-FH antibodies by different groups

ELISA  Dilution Units Plate Coat buffer Standard Normal

Newcastle Manual 1/50 oD Thermo-Flexi AbD Serotech 62.5-4000 OD <0.15
pH 8.5

Jena Manual 1/500 Arbitrary  NuncMaxisorp Dulbecco PBS  37.5-2400 <500 AU/m|

units, AU pH 7.4

Paris Manual 1/50 AU NuncMaxisorp Dulbecco PBS  37.5-2400 <100 AU/ml
pH 7.4

London Manual 1/100 AU NuncMaxisorp 35 mM NaHCO; 37.5-2400 <100 AU/ml
15 mM Na,CO,

Madrid Manual 1/100 AU NuncMaxisorp Dulbecco PBS  37.5-2400 <100 AU/ml
pH 7.4

Helsinki Manual 1/20 oD NuncMaxisorp 50 mM NaHCO, ?
pH 8.5

Lund Manual 1/50 AU NuncMaxisorp 75 mM NaHCO, 100 AU/m
pH 9.6

New Delhi Manual 1/50 AU NuncMaxisorp 0.25 g NaHCO; 37.5-2400 <150 AU/ml
0.212 g Na,CO;,

Abnova Kit 1/100 AU Pre-coated Pre-coated 0-250 Calculated

Vidia Kit 1/100 AU Pre-coated Pre-coated 0-250 18 AU/mL

IPNA 2026



FH immune complexes: Immunochromatography

Absorbent pad Nitrocellulose
/
/ /':‘ Control line: Rabbit a-hu FH (34/35)
/ Cassette A: Mouse a-hu IgG(Fc)
Flow “.'— Detection line { Cassette B: Rabbit a-hu IgG(Fc)
H Cassette C: Goat «-hu IgM (FC-5y)

g s [ DEtECES & quantitates: 1I9G &
IgM immune complexes
Cassette A: All FHAA(IgG)-FH complexes except those with FHAA to mid region i n E DTA_ p I a S m a , Se ru m

Cassette B: All FHAA(IgG)-FH complexes except those with FHAA to N-terminus

Cassette C: All FHAA(IgM)-FH complexes except those with FHAA to mid region

Parameter (n=17) Estimate, % 95% CI

Sensitivity 86.7 62.1,96.3
Specificity 100 34.2, 100
PPV 100 77.2, 100
NPV 50 15, 85

Diagnostic accuracy 88.2 65.7, 96.7

de Cordoba. Frontiers Immunol 2025




Prevalence of anti-FH HUS varies

Study Event Size/Sample Size (presence of Anti-FH Ab) Estimated % (95% CI) Prevalence of anti-FH associated aHUS
Puraswani M et al, 2019 (11) 136/781 5583 (05273, 0.05893] %
Study ES (95% Cl) Weight
Valoti E et al, 2019 (15) 30/305 983 [0.0000, 0.1993]
Bemnabéu-Herrero et al., 2016 (21) 14/367 3,81 [0.0000, 0.1472] Pediatric :
Lee et al,, 2015 (16) 15/51 2941 [040801, 0_5031: Westra, Geerdink (201 0, 2012) '.—: 0.13 (0‘06, 0.25) 547
. 1
Fremeaux-Bacchi et l, 2011 (17) 14214 654 [0.0000, 02034] Bacchi (2013) +, 0.1(006,0.19) 5.71
Hofer (2013) . 022 (0.15,0.30) 5.77
Hofer et al, 2013 (10) 30/116 25.86 (01236, 0.3936) Fan (2013) . 0.14 (0.03,0.51) 3.81
1
Noris et al, 2010 (22) 8273 2,93 [0.0000, 0.1683] Lee (2015) i —— 048 (0.32,065) 5.27
Durey Met al, 2009 (23) W77 791 ([0.0000, 02291] Song (2016) + 0.21(0.15,0.28) 5.83
i i ) A Schaefer (2017) - 0.23(0.18,0.30) 5.86
3 5 ([0.0215 5
Hone! A 20 0) e o (RS, 6T} Besbas (2017) -~ 0.1 (005, 0.24) 546
Jozsi M et al,, 2008 (24) 16/147 1088 (0.0000, 03850] Moore, Brocklebank 2017 (2017) 0.10 (0.06, 0.15) 5.84
Durey M et al, 2005 (25) 3/48 6250, 0651) Fujisawa (2017) 0.20(0.13,0.30) 5.68
Jozsi M etal, 2007 (26) 551 980 (0, 0453) Puraswani (2019) 0.56 (0.52, 0.59) 5.95
, Stolbova (2020) 062 (0.41,0.79) 4.99
Gurjar et al, 2018 (27) 98/164 5976 [0.536, 0659) Zheng (2020) 0.1 (0.08, 0.14) 593
Brocklebank et al, 2017 (18) 17175 9710, 0242] Shawky (2021) 043 (0.27,0.61) 5.20
Shawky et al, 2021 (2) 12/2 4614 (0.24, 0698] Wu (2021) 0.65(0.35,0.74) 5.72
) I i o Subtotal 0.27(0.16,0.40) 82.49
Song et al, 2017 (20) 33/156 2115 0,087, 0336 :
Total Random Effects 758/3160 239 0.213, 0.266] Adult & pediiatric X
Jorzi (2008) & | 0.11(0.07,0.17) 5.82
. Abarrategui-Garrido, Bernabéu-Herrero (2009, 2015)| 4l : 0.10(0.06, 0.17) 5.79
Front Immunol 2022; Pediatr Nephrol 2022 Norrs, Valot (2010, 2019) B 0.10(0.07, 0.14) 590
Subtotal 0 ! 0.10 (0.08,0.13) 17.51
1
Overall <> 0.24 (0.14, 0.34) 100.00
1
1
CFHR1 del (88-90%)

T T T T
012345678391
Propartion

Is anti-FH associated HUS under-recognized?




Indian aHUS database: 2010-2023

N=1070

Boys, %

Age, yr

Days to presentation
Oliguria, %
Seizures, %
Hemoglobin, g/dl
Platelets, 1000/mm3
Reticulocytes, %
LDH, U/l
Hematuria, %
Creatinine, mg/dl
C3, mg/dl

Anti-FH HUS
601, 56.2%

416 (69.5)
7.5 (5.7-9.7)

7 (3-17)

80.6

28.6

5.2 (4.4-6.0)

52 (31-80)

7 (4-12)

2636 (1480-4211)
53.2

5 (3.3-7.3)

68 (50-86)

Other HUS
469, 43.8%

292 (62.3)
4.1 (1.2-9.6)

5 (2-9)

88.9

21.2

6 (5-6.9)

56 (27-95)

3.3 (1.5-5.6)
2010 (1070-3420)
32.8

4.9 (2.8-7.5)

80 (57-101)

0.014
<0.0001
<0.0001
<0.0001

0.017
<0.0001

0.48
<0.0001
<0.0001
<0.0001

0.13
<0.0001



Clinical features similar
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Bitapge Durey Hofer India Lee Brocklebank
2010; N=45 2013; N=19 2017 2015 2017
’ " N=386 N=15 N=17
GI 84% pain, vomit  87% pain, vomit  7.5% i 53% pain, vomit
diarrhea 53% diarrhea 13% diarrhea . diarthea 47%
Infections 9% varicella, URI 54% 14% 24% fever
X 42% URI
STEC, norovirus fever URI
Dialysis 57% 74% 86% 67% 47%
CNS 23.5% 11% 29% 7% 24%
Pancreatitis 23% 12%
- X 34% 7% y
Hepatitis 50% 589 6%
Cardiac 8% 33%




M, 2010-2023

100
[ ] [ ] [ J
Infectious triggers in HUS
a0
20
-' lan Feb Mar Apr May Jun Jul Aug Sept Oct Now Dec N=135; ICM R
Other aHUS
No. of organisms Anti-FH negative, Anti-FH positive, n=69/74
80 ' g n=48/61 (78.69) (93.24)
Single pathogen 17 (28.81) 11(17.19)
; Rotavirus 5(10.42) 0(0)
40 Sapovirus 2(4.17) 0(0)
: Enteroaggregative 5(10.42) 4(5.80)
1 ” Escherichia eoli
Enterotoxigenic 1(2.08) 0(0)
Jan Feb Mar Apr May Jun  Jul Aug Sept Oct Now Dec Escherichia coli
T AntiFH positive. neg9/74 Clostridium difficite AB | 1 (2.08) 0(0)
. nti-FH negative, nti-FH positive, n L . 0 (0) 5(7.25)
No. of organisms n=48/61 (78.69) (93.24) Giardia lamblii 3625 2200,
Cryptosparidium sp. - :
8 (16.67 10 (14.45
Single pathogen ( ) ( ) Multiple pathaogens 4(6.78) 8(12.5)
Adenovirus 1(2.08) 1 (1.45) Norovirus G1/G2 4(6.78) 2(2.90)
Coronavirus OC46 1 (2.08) 0(0) Enteroaggregative 2417 3 (4.35)
Coronavirus NL63 2(417) 1(1.45) Escherichia coli
Rhinovirus 1 (2.08) 0(0) bi“temt_"“i_ge""c_ 1 (2.08) 0(0)
Influenza A H1 (2009 | 2.08) 1 (1.45) Facherichia col
e | | bege g 2a0)
cherichia coli
Respiratory syncytial virus 2(4.17) 4(3.80) Shi . ;
iga toxin producing 2417 0(0)
Chiamydia prewmoniae 0(0) 3(4.35) Escherichia coli
Multiple pathogens 8 (16.67) 9(13.07) Salmonella sp. 2(4.17) 1(1.45)
Rhinoviras B (16.67) 9(13.07) Campylobacier sp. 0(0) 2(2.90)
Enterovirus 8 (16.67) 9(13.07) Vibrio sp. 362 LL45)
Adenovirus 1(2.08) 1(1.45) Clostridium difficile A8 1 (2.08) 2(2.90)
Respiratory syncytial viras | 1 (2.08) 1 (1.45) Giardia lamblii 0(0) 5(7.25)
Parainfluenza type 3 1 (2.08) 1(1.45) Cryptosporidium sp. 0(0) 3(4.35)

Anti-FH aHUS

Gastrointestinal pathogens in anti-FH antibody positive and
negative Hemolytic Uremic Syndrome

Pediatric Research (2018) B4:118-124;



Antibodies (1gG3) bind multiple epitopes

32/93 (‘34 4%)

59/59 (100%)

0/21 (0%)

21/72 (29.2%)

17/47 (36.1%)

l_Y_)

60/98 (61.2%)

Author SCR 1-4 SCR 1-7 SCR 8-11 SCR 15-19 SCR 15-20 SCR 19-20
Blanc 13/14 17/18 5/18 18/18 8/17
Bhattacharjee 5/10 10/10 10/10
Moore 1/12 7/12

Jozsi 0/16 4/16 0/16 16/16 16/16

Jozsi 0/5 1/5 0/5 5/5 5/5

Strobel 0/2 2/2 2/2

Guo China-TMA  4/36 6/36 12/36*
Puraswani AIIMS  3/8 4/8 7/8 8/8

Front Immunol June 2019

*No epitope in 50%
Pediatr Nephrol (2019) 34:269



FH domains targeted by anti-FH antibodies
FH

FHAA binding
Less frequent
FHAA binding
* %
avo NIRRT Age related

MN Antibody binding sites are not yet specified
APS Antibody binding sites are not yet specified
MIS-C  Antibody binding sites are not yet specified

PE** Antibody binding sites are not yet specified

Immunology Letters Aug 2025



Variants in complement genes are uncommon in patients with

anti-factor H (FH) autoantibody associated atypical hemolytic uremic

syndrome (aHUS)

Variants in 6.5% (95% CI 3.1-13.2%);
one pathogenic variant

Nationwide cohort Genetic testing

Patients < 18 years old
with anti-FH aHUS

<@ - CFic. 148G>C, p.ProS0AlL
Targeted sequencing
(27 gene panel) Homozygous CFHR1 deletion in
91.6% vs. 9.8%
95 ALCHRENCR PRNELS in 184 healthy controls
* 21relapsing course Multiplex-ligation
" LSKD BM/Of death dependem md,e Patients tested *
mpllﬂcaﬁon for Sty (VN) ES (95% C) Weight
an anﬂ 'FH ﬂters CFH.GHRS Abarrategui-Garrido, Berabéu-Herrero (2009, 2015) : 0.21(0.08, 0.48) 613

5670 (IQR 2177-13,545) AU/mi § | copy number variation Durey (2010)

Westra, Geerdink (2010, 2012)

0.00(0.00,0.13) 754

0.33(0.10,0.70) 406

Moore, Brocklebank (2010, 2017) 0.33(0.18,0.53) 7371
Norris, Valoti (2010, 2019) 0.24(0.13,0.39) 8.26
Bacchi (2013) 0.00(0.00, 0.22) 613
Hofer (2013) 0.13(0.02,047) 475
Lee (2014) 0.00 (0.00, 0.20) 6.30

Pediatr Nephrol 2023; 38:2659 sog 2010

0.00 (0,00, 0.15) 719

Fujisawa (2017) 0.00 (0.00, 0.16) 697
Besbas (2017) 0.20 (0.04, 062) 366
Stolbova (2020) 0.31(0.13,0.58) 595
Zhang (2020) 007 (0.02,0.18) 853
Wu (2021) 022(0.11,047) 762

Current study (2022) 0.07 (0.03,0.13) 954

Overall (12=70.6%; P < 0.001) 0.09(0.03, 0.16) 100.00




Plasma exchanges reduce antibody levels
IgG chiefly extracellular; 5-7 exchanges - 80-88% reduction

25000 -~
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Titers of antibodies to factor H (AU/ml)

Additional IVIG does not help.... |

4807.61£617.2 AU/ml
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Kidney Int 2014;85:1151-60

18000 -

16000 -

14000 -

12000 -
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n=25>  Median (IQR) decline
74% (49-84) after three exchanges
88% (79-94) after five exchanges
84% (55-92) after seven exchanges

2266 (1257-6520)
AU/ml

516;'37‘?87) 483 (190~
m 627) AU/ml
. 288'(190-
)
528) AU/l o
3 5 7

Number of daily plasma exchanges

Pediatr Nephrol 2015;30:451-7
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Induction immunosuppression + PEX

76% Maintenance 88%

immunosuppression

0.75

62%

0.75

Immunosuppression £ Plasma infusion

Renal survival
0.50

Survival free of relapses
0.50

I
I
|
|
: 1
I
: Plasma exchanges 40% : Log rank <0.0001
N . HR 10.9 (5.2-22.7)
= : ]
] & . I
| = I
: Induction vs. PEX HR 3.0 (1.6-5.2); P=0.0004 : No maintenance.
a : Immunosuppressmn + F'I HR 1. S (1. O 3. 3] P=0.04 : immunosuppression
= T T T
0 12 24 3 48 60 72 84 9 108 120 132 144 156 168 180 = . 6%
Follow up (months) e T T T T T T T T T |
Number at risk 0 6 12 18 24 30 3B 42 48 54 60
PEXalone 36 10 6 3 3 3 2 2 2 1 1 0 0 0 0 0 Number at risk Follow up (months)
Plwith/without IS 54 20 12 7 6 4 4 11 1 1 1 0 Maintenance

-

immunosuppression 112 85 Gl 55 48 38 29 23 15 13 3
No such therapy 48 29 17 13 5 1 1 0 ] 0 0

(=D
[=]
[=]
[=]
(=]
(=]
(=]

4
Combined IS&PEX 181 88 63 44 27 13 & 2

Adverse outcome: 20% vs. 52% @ Relapse free: 88% vs. 6% with or
1-yr with combined therapy vs. PEX without maintenance therapy

Kidney Int 2014;85:1151-60 Adverse outcome: Number needed to treat 2.6
Pediatr Nephrol 2015;30:451-7
Front Immunol 2019 Relapse: Number needed to treat 4.5

Abbreviated PEX : Feasible & effective




Anti-FH titers decline, but stay relatively high....

N 38 106 86 61 63 50 47 32 24 17 11 8 4 3
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T Indian database: 2010-2023
10000

- Tapgdnssiango

100

[ b1

10 2000

1

=
£
=
-)
<
~—
=
2
wr
2
£
[
L
e
o
<
o
(5]
w
=
o
®
2
S
E=
o
o
=
=
<

0 6 12 18 24 30 36 48 60 72 84 96 108 120 .E_‘lsoo;

Follow-up (months) g 1300 7

100
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N=19 @ 5-yr, 55% patients had Ab titers <100 AU/ml
Innsbruck. Pediatr Nephrol 2021; 36: 917-25



Relapses within 6-24 months of onset ~20%

N Time to relapse 11.3 (3-22.6) months
AIIMS 83/443 (18.7%) —
Dragon-Durey 13/30 (43.3%)
Moore 3/13 —
e i 23%
Noris 3/7 o 4
Geerdink 3/6 §
Guan 0/4 5
£ 10
Sana 1/4 — | ‘
I i | W . I . -
Hofer 14/19 (74%)

P‘-—Nmﬂﬂvu’\cm’\r\d‘cxf\wﬂ’l?o
N O O -~

Months to relapse

HR 95% Cl P
Additional variation 4.9 1.47,16.6 0.01
PEX + immunosuppression 0.3 0.09,0.75 0.01




6-months: High anti-FH & low free FH predict relapse

Anti-FH 21,330: Sensitivity 75%, specificity 81%; AUC 0.86

ié: 100000 12 —— Subsequent relapse
= 170 -*- No relapse
g
‘% 10000 10 —— Subsequent relapse
g 4 n 34 -=- No relapse
= NS, e O JO - 1330 AU/MmI E” 000
— 5 L o o e TP Ly
2 gorbresrmawe R Z g s e 440 mg/!
> 4 7 i
i) — /’ #
© P=0.012 = Pl B
2100 5 100 22 /*—_‘l ! P=0.001
E = 3
= N=182 = N=44
o pmd ]
g 10 210
0O 1 2 3 4 5 6 7 8 9 01 2345678 9101112

Follow-up (months) Follow-up (months)

Free FH 440 mg/l: Sensitivity 70%, specificity 100%; AUC 0.91

Combined: Sensitivity 75%, NPV 91%; AUC 0.91; HR 6.3 (1.7, 24)



INDUCTION

MAINTENANCE

Managing anti-FH HUS : IPNA

New clinical diagnosis of aHUS - > start workup and initial treatment with C5 inhibitor (TPE)

New clinical diagnosis of FH Ab HUS made
(pos FH Ab titer)

Start/continue plasma exchange & start immunosuppression

- Start within 24h of diagnosis, or as soon as possible
- TPE - use FFP or Octaplas

- Immunosuppression: Prednisone & MMF or cyclophosphamide

Start/continue complement inhibitor & start immunosuppression

Start within 24h of diagnosis, or as soon as possible
Eculizumab: aHUS dosing schedule
Immunosuppression: Prednisone & MMF

Y

Re-evaluation after 1-2 weeks
- No hematological remission -> C5 inhibitor
- Hematological remission and low FH Ab titer -> wean TPE

>

Re-evaluation after 1-2 weeks

- Persistent renal symptoms (high creatinine, hypertension,
proteinuria) -> add cyclophosphamide or MMF

No hematological remission -> check terminal pathway inhibition
Hematological remission -> continue

Persistent renal symptoms (Righ creatinine, hypertension,
proteinuria) -> add cyclophosphamide, consider TPE

Long-term
- TPE can be stopped once CFH Ab titer are low

- Maintenance with MMF

o

Long-term

Complement inhibitor can be stopped once CFH Ab titer are low
Maintenance with MMF

6 months; <1000 AU/mL




Anti-FH aHUS: Short-term outcomes of PEX vs. ECZ

PROSPERO ID: CRD420251033150

14 studies; n=99

PEX (n=81) Eculizumab (n=18) HR; P
P EX: Satlsfactory Time to hematological remission, days 9 (6, 14) 20 (8, 54) 0.40 (0.2,0.7)

L . Time to renal recovery, days 16 (7, 36) 20 (14, 30) 0.78 (0.5,1.3)
initial choice for Proportion in hematological remission @ 28 d 73 (90.1%) 11 (61.1%) 0.002
L M |C Proportion with renal recovery @ 28 d 56 (70%) 12 (66.7%) 0.78
eGFR @ follow up 95.8 (77,116) 99.1 (91,107) 0.32
Anti FH titer, AU/L 454 (183,977) 222(90,1000) 0.38
Proportion with death 5(6.3) 0 0.28
¥ g . o i §_1_L;________________1[_f___
é “ § o ? . PEX
5( N E ° Z s
) (l) 114 2|s 41: sl(v 7Iu sl4 ‘)’s 1;: l;(\ 1101;4 u'»s 1;2 15(»:;0154 ) '; 1'* 313 4'3 ;" "1" ‘]‘ ‘;5 “ll 15" 3"; i R X e
Numbers at risk Fellow s, s Numbers at risk I Follow up, months
Plasmaexchanges(PEX) 80 23 8 1 1 0 0 0 0 0 0 0 0 0 0 0 0 Plasma exchanges (PEX) 78 44 24 15 8 4 2 | o Numbers at risk .
Eculizumab (ECZ) BB TS 322221 111X L2 Eculizumab (ECZ) 7 B 6 3 3 1 1 1 1 1 Plasma exchanges (PEX) 7764534435302522148 6 3211111110

Eculizumab (ECZ) 17171515119 9 6 6 6 4 3331111111



Anti-FH antibody HUS

Hemolytic uremic syndrome in a developing country:
Consensus guidelines

Recommend PEX & immunosuppressive therapy Pediatr Nephrol 2019
Suggest daily PEX till hematological remission; taper

Frequent monitoring of titers first 12-24 months

IPNA 2026

Screen for anti-FH antibodies in all aHUS

C5 inhibition: Preferred therapy

Levels @ 1 month; q 3-6 months x 24 months; relapses
Genetic studies for complement variants

Allograft recurrence low (determined by antibody titers)
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