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Abstract
Background The pathogenesis of autoantibody generation in anti-factor H (FH) antibody associated atypical hemolytic 
uremic syndrome (aHUS) is unknown and is perhaps triggered by an infectious or environmental agent. We observed an 
unusual increase of patients with anti-FH antibody associated aHUS coinciding with the second pandemic wave in New 
Delhi and suspected that SARS-CoV-2 infection might be a potential trigger.
Methods We screened for SARS-CoV-2 infection using reverse transcriptase polymerase chain reaction (RT-PCR) and 
serology in 13 consecutive patients with anti-FH antibody associated aHUS during the past year in New Delhi.
Results We report 5 patients, 4–13 years old, who presented with a febrile illness without respiratory symptoms during 
the second pandemic wave. Of these, 3 patients presented with a relapse 25–85 months following the initial episode of 
aHUS. SARS-CoV-2 was detected by RT-PCR in 1 patient and by serology in 4 patients (median titer 47.1 cut-off index). 
Patients had high titers of anti-FH antibodies (median 2,300 AU/ml). Genetic studies, done in 3 of the 5 patients, showed 
homozygous CFHR1 deletion without other significant genetic abnormalities. Specific management comprised plasma 
exchanges and oral prednisolone, combined with either cyclophosphamide or mycophenolate mofetil. At median follow-
up of 3.3 months, the estimated glomerular filtration rate in 4 patients ranged from 62 to 110 ml/min/1.73  m2; one patient 
was dialysis-dependent.
Conclusion Increased vigilance is required during the pandemic, especially in patients with anti-FH associated aHUS, who 
might relapse despite quiescent disease for a prolonged period.

Keywords Coronavirus 19 · Factor H · Complement factor H related protein · Alternative complement pathway · 
Thrombotic microangiopathy

Introduction

Atypical hemolytic uremic syndrome (aHUS), a form 
of thrombotic microangiopathy, is characterized by dys-
regulation of the alternative complement pathway. About 
30–60% of patients with aHUS either have pathogenic var-
iants in genes encoding complement regulatory proteins 

or autoantibodies to factor H (FH) [1]. Anti-FH antibody 
associated aHUS is a distinct subgroup of aHUS, occur-
ring during school-going age and associated with an 84-kb 
homozygous deletion of the CFHR1 gene in most patients 
[1, 2]. While this condition comprises more than 50% of 
cases of aHUS in Indian children [3], the pathogenesis of 
antibody generation and the reasons for it being limited 
to the school age are unclear. The occurrence of a febrile, 
gastrointestinal, or respiratory prodrome in 50–70% 
patients with anti-FH associated aHUS [2, 4] and ~ 30% 
of other forms of aHUS has led to the hypothesis that 
additional infectious or environmental trigger(s) are neces-
sary “second-hits” for the disease to manifest. A previous 
study from this center showed multiple gastrointestinal 
pathogens in 35 patients, chiefly with anti-FH associated 
aHUS [5].
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Recently, aHUS has been reported to be triggered by 
infection with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) [6–8]. Severe coronavirus disease 
(COVID-19) causes widespread microvascular damage 
including thrombotic microangiopathy, driven by inflamma-
tion, cytokine storm, and dysregulated complement activa-
tion [9]. Circulating biomarkers of alternative and terminal 
complement pathway activation, including C5a and soluble 
C5b-9, are shown to correlate with the severity of SARS-
CoV-2 infection in children [10] and adults [11–13]. While 
several autoimmune diseases such as immune thrombocyto-
penic purpura, thrombotic thrombocytopenic purpura, auto-
immune hemolytic anemia, and systemic lupus erythemato-
sus have been associated with SARS-CoV-2 infection [14], 
the association of anti-FH associated aHUS has rarely been 
reported. In a recent report of 5 adults with SARS-CoV-2 
triggered aHUS, genetic variations were found in all patients 
tested; additionally, anti-FH autoantibodies were detected 
with pathogenic CFI variant and CFH-H3 at-risk polymor-
phism in 2 patients [15].

India, one of the countries highly affected by COVID-
19, has had the pandemic unfold in two waves, one in Sep-
tember–October 2020 and another in April–June 2021. We 
observed an unusual increase in patients with anti-FH anti-
body associated aHUS coinciding with the second wave of 
the pandemic in New Delhi and report 5 patients with the 
disease that was triggered by mild SARS-CoV-2 infection.

Methods

We screened for SARS-CoV-2 infection in consecutive 
patients younger than 18 years  with anti-FH antibody asso-
ciated aHUS, admitted at any pediatric nephrology center in 
Delhi between August 2020 and August 2021. Anti-FH anti-
body associated aHUS was diagnosed due to the presence of 
microangiopathic hemolytic anemia (hemoglobin < 10 g/dL, 
schistocytes ≥ 2%, lactate dehydrogenase > 450 U/l), throm-
bocytopenia (platelets < 150,000/µl), acute kidney injury, 
and anti-FH antibody titer > 150 AU/ml [16]. Patients with 
septicemia, disseminated intravascular coagulation, throm-
botic microangiopathy secondary to medications, systemic 
lupus, tropical infections, and HIV infection were excluded. 
Anti-FH antibodies were tested in a 1:50 dilution of plasma 
samples by manual ELISA; titer > 150 AU/ml were abnor-
mal [3]. Soluble terminal complement complex (sC5b-9) 
was measured by ELISA using the MicroVue kit (Quidel-
Corp, San Diego, CA). Testing for SARS-CoV-2 infection 
was performed on nasal and oropharyngeal swabs using 
reverse transcriptase polymerase chain reaction (RT-PCR). 
Serum samples from patients with negative RT-PCR were 
tested for SARS-CoV-2 IgG and IgM antibodies by Cent-
ers for Disease Control approved double-antigen sandwich 

electrochemiluminescence immunoassay (Elecsys, Roche 
Diagnostics, Germany). Clinical exome sequencing and mul-
tiplex ligation dependent probe amplification for variants in 
complement regulatory genes and copy number variations in 
CFHR1–5, respectively, were done in patients with relapsing 
illness [17].

Kidney replacement therapy was provided, when 
required. Upon diagnosis of a primary episode of aHUS or 
its relapse, membrane filtration-based plasma exchanges 
(PEX) were promptly initiated, with 60  ml/kg plasma 
exchanged with fresh frozen plasma. PEX was performed 
daily until hematological remission, followed by tapering 
over 2 weeks [16]. Immunosuppression was initiated fol-
lowing confirmation of positive anti-FH antibody titer and 
comprised oral prednisolone (1 mg/kg/day for 4 weeks fol-
lowed by tapering) and intravenous (IV) cyclophosphamide 
(500 mg/m2 every 4 weeks for 5 doses); patients with relapse 
received oral mycophenolate mofetil (1,000 mg/m2) instead 
of cyclophosphamide. Hematological remission was defined 
as platelet count > 150,000/mm3 and the absence of microan-
giopathic anemia [16]. Disease relapse was considered when 
there was a new episode of illness after being in remission 
for ≥ 2 weeks [16]. Outcomes were assessed in terms of esti-
mated glomerular filtration rate (eGFR), hypertension and 
dipstick proteinuria.

Results

We screened for SARS-CoV-2 infection by RT-PCR and 
serology in 13 patients (10 boys), with median age of 8 years 
(range 4–13 years) diagnosed with anti-FH associated aHUS 
in the last year. Median anti-FH antibody titer was 2,300 
(range 646–13,304) AU/ml. While 8 patients presented 
between August 2020 and March 2021 before the second 
wave of the pandemic, 5 presented within 6 weeks of the 
peak of the second wave during June–July 2021 (Fig. 1). The 
former patients showed negative RT-PCR and undetectable 
SARS-CoV-2 antibodies (median 0.03, range 0.03–0.08; 
normal < 1.0 cut-off index, COI). The latter 5 patients 
showed high titers of SARS-CoV-2 antibodies (median 
47.1, range 10–135.8 COI). SARS-CoV-2 was detected by 
RT-PCR in 1 patient who had normal chest radiograph and 
history of contact with symptomatic COVID-19 in a fam-
ily member. (Table 1 describes the clinical and biochemical 
features of the 5 patients.) While patients #1 and #5 had 
new onset illness, patients #2–4 presented with a relapse of 
aHUS, 25–85 months following the initial episode.

All 5 patients had a febrile illness occurring 8–21 days 
(median 10 days) preceding hospital admission that lasted 
for 3–5 days. History of cough, sore throat, breathlessness, 
diarrhea, anosmia, and ageusia were absent. At admis-
sion, chief complaints were abdominal pain, vomiting, and 
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oliguria, with examination showing pallor, hypertension, and 
edema. The diagnosis of HUS was based on anemia with 
median hemoglobin level of 5.8 (range 3.5–8.3) g/dl, 2–6% 
schistocytes in the peripheral smear, thrombocytopenia with 
median platelet counts of 55,000 (32,000–120,000)/μl, and 
elevated creatinine 3.1 (1.3–7.6) mg/dl requiring dialysis in 
all patients. Direct Coombs test was negative, and there was 
no evidence of sepsis and disseminated intravascular coagu-
lation. Parasitic forms of Plasmodia spp. were not detected 
on peripheral blood or by quantitative buffy coat assay. 
Serologies for dengue, leptospira and scrub typhus, and anti-
nuclear antibody and antineutrophil cytoplasmic antibodies 
were negative. Complement evaluation showed low levels 
of serum C3 in all patients (median 64, range 48–84 mg/
dl) (Table 1). Patients had high titers of anti-FH antibodies 
(median 2,300, range 1,580–13,304 AU/ml). Autoantibody 
titers at relapse in patients #2–4 ranged from 1,580 to 2,300 
AU/ml; serial titer during remission estimated 3 months to 
2 years prior to relapse had ranged between 53 and 422 AU/
ml. Multiplex ligation-dependent probe amplification, done 
in the 3 patients with relapse, showed homozygous deletion 
of CFHR1 and CFHR3. Exome sequencing did not show 

significant variations in CFH, CFI, CFB, C3, CD46, DGKE, 
THBD, ADAMTS13, and PLG in these patients (Table 1).

Following the diagnosis of HUS, daily plasma exchanges 
using fresh frozen plasma were initiated. Following hema-
tological remission at a median of 5 (range 5–7) days, the 
exchanges were tapered and stopped at median 15 (range 
15–20) days. Immunosuppression with oral prednisolone 
(1 mg/kg/day) was initiated upon detection of anti-FH anti-
bodies, and after a week in patient #2 following demon-
stration of undetectable SARS-CoV-2 by RT-PCR. Induc-
tion immunosuppression with pulse IV cyclophosphamide 
(500 mg/m2) was initiated in patients #1 and #5. The initial 
episode of anti-FH associated aHUS in patients #2–4 was 
previously treated with 6 pulses of IV cyclophosphamide 
and prednisolone for a year, followed by mycophenolate 
mofetil for 2 years. During the current relapse, these patients 
were again treated with mycophenolate mofetil (1,000 mg/
m2/day) and tapering doses of prednisolone.

Kidney recovery occurred following hemodialysis for 
2–7 days in patients #1–4; patient #5 was dialysis-dependent 
at 12 weeks follow-up. After median follow-up of 4.3 (range 
2.8–4.7) months, eGFR ranged from 47 to 134 ml/min/1.73 
 m2 in patients #1–4, with variable degrees of hypertension 
and proteinuria (Table 1). Anti-FH antibody titers have 
declined to a median level of 519 (range 152–1,013) AU/ml 
at last follow-up in all patients.

Discussion

We report 5 patients with anti-FH associated aHUS, presum-
ably triggered by SARS-CoV-2 infection during the second 
wave of the pandemic in June–July 2021. Three patients 
presented as relapse after a period of disease quiescence for 
2–6 years. Given that we observe a seasonal predilection 
of patients with aHUS that peaks between the months of 
December and March [4], the increase in number of patients 
in June–July was unusual (Fig. 1). All patients had a preced-
ing febrile illness 8–21 days prior to aHUS and showed high 
levels of SARS-CoV-2 antibodies with no evidence of any 
other infection. Daily plasma exchanges and use of immuno-
suppressive medications were associated with hematological 
remission, decline of anti-FH antibodies, and recovery of 
kidney function in 4 patients.

HUS is reported to be precipitated by several viral 
infections, including influenza A, human immunodefi-
ciency virus, and norovirus [18]. Recently, patients with 
pathogenic or likely pathogenic variants in CD46 [8], C3 
[7], and CFH [6] were reported to present with aHUS, 
following mild SARS-CoV-2 infection. Two children 
with severe SARS-CoV-2 infection and HUS were also 
reported. Mahajan et al. reported a 14-year-old girl with 
severe COVID-19, cytokine storm, myocarditis, and HUS 

Fig. 1  Mean number of patients with anti-factor H associated atypical 
HUS (aHUS) presenting per month in New Delhi between 2014 and 
2019 (lower panel) and in 2021 (middle panel) is shown in relation 
to monthly incident cases of COVID-19 in Delhi during the second 
wave of the pandemic (upper panel). The peak number of patients 
affected by COVID-19 in Delhi was 28,395 per day during the last 
week of April 2021
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[19]. The second patient was a 16-month-old boy who 
presented with diabetes mellitus and aHUS after severe 
SARS-CoV-2 infection [20]. Both patients showed sat-
isfactory response to therapy with eculizumab. Atypi-
cal HUS triggered by mild SARS-CoV-2 infection was 
reported in 2 adults, each with a pathogenic variant in 
CFI and an at-risk CFH-H3 haplotype, who were addition-
ally found to have anti-FH antibodies [15]. A homozy-
gous CFHR1 deletion was not found in these patients, 

in contrast to its characteristic association with anti-FH 
antibodies in 71.4–92.3% and 88.2% patients in Caucasian 
[21] and Indian [3] cohorts, respectively. The present study 
confirms the genetic association of anti-FH antibodies 
with homozygous CFHR1 deletion since it was found in 
all 3 patients who were tested. The present report adds to 
the pediatric literature on aHUS triggered by mild SARS-
CoV-2 infection, including the association with anti-FH 
antibodies.

Table 1  Characteristics of patients with atypical hemolytic uremic syndrome associated with severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection

Normal range of serum C3 > 90 mg/dl; anti-FH antibody < 150 arbitrary units (AU)/l; median sC5b-9 195.3 (151.1–292.5) ng/ml in healthy con-
trols [4]
a Lack of respiratory symptoms of SARS-CoV-2 infection
b IgG and IgM total antibody detected by chemiluminescence immunoassay (normal < 1 cut-off index, COI)
c Variants in CFH, CFI, CFB, C3, CD46, CFHR1-5, DGKE, THBD, ADAMTS13, and PLG prioritized; copy number variations in CFHR 1–5
eGFR Estimated glomerular filtration rate, LDH lactate dehydrogenase, MLPA multiplex ligation-dependent probe amplification, RT-PCR 
reverse transcriptase polymerase chain reaction, sC5b-9 soluble terminal complement complex

Patient 1 2 3 4 5

Age; sex 4 years; boy 12 years; boy 13 years; boy 7 years; boy 10 years; girl
Presentation June 2021 June 2021 June 2021 June 2021 July 2021
Prodromal  symptomsa Fever 21 days prior Fever 10 days prior Fever 8 days prior Fever 10 days prior Fever 10 days prior
Presenting features Anasarca, pallor, stage 

2 hypertension
Abdominal pain, 

vomiting
Abdominal pain, 

vomiting, stage 2 
hypertension

Abdominal pain, 
oliguria, stage 2 
hypertension

Oliguria, pallor, stage 2 
hypertension

Presentation as 
relapse; months 
from onset

No Yes; 78 months Yes; 85 months Yes; 25 months No

Hemoglobin g/dL; 
schistocytes %; 
LDH IU/L; platelets 
/μL

3.5; 6; 1271; 120,000 8.3; 3; 1573; 55,000 6.9; 5; 1072; 60,000 4.8; 6; 1100; 35,000 5.8; 2; 1105; 32,000

Peak creatinine, mg/
dL

1.3 2.4 3.1 3.6 7.6

Serum C3, mg/dL 84 52 48 69 64
sC5b-9, ng/ml 4220.3 Not done 1179.9 1344.9 2900.3
Anti-factor H anti-

body, AU/mL
13,304 2300 1580 1785 5036

SARS-CoV-2 RT-
PCR; antibody 
(COI)b

Negative; 47.1 Positive; 55.6 Negative; 135.8 Negative; 27.3 Negative; 10

Exome sequencing, 
 MLPAc

Not done Homozygous CFHR1 
deletion

Homozygous CFHR1 
deletion

Homozygous CFHR1 
deletion

Not done

Duration of plasma 
exchange, days

17 15 15 20 15

Medications IV cyclophosphamide, 
prednisone

Mycophenolate 
mofetil, prednisone

Mycophenolate 
mofetil, prednisone

Mycophenolate 
mofetil, prednisone

IV cyclophosphamide, 
prednisone

Duration of dialysis 2 days 3 days 3 days 7 days 12 weeks, ongoing
Follow-up 4.4 months 4.3 months 3.9 months 4.7 months 2.8 months
eGFR ml/min/1.73  m2 134 85 87 47 On dialysis
Antihypertensive 

agents
Urine protein

1
1 + 

2
1 + 

3
3 + 

1
3 + 

2
2 + 
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The mechanism for generation of anti-FH antibodies is 
incompletely understood. Their occurrence chiefly in school-
age children corresponding to peak incidence of common 
infections and winter predilection favors an infectious trig-
ger [3]. Bhattacharjee et al. identified an anti-FH antibody 
epitope cluster within the short consensus repeat (SCR) 20 
of FH, where certain proteins synthesized by pathogens bind 
as part of an immune evasion strategy [22, 23]. The authors 
proposed that binding of microbial proteins to SCR20 
induces a conformation change and generates a neoepitope 
that is similar to FHR1, which results in an autoimmune 
response in patients with CFHR1 deficiency [22]. While it is 
not clear if SARS-CoV-2 binds to FH, in vitro studies show 
that spike proteins of SARS-CoV-2 might competitively 
block cell-surface binding of FH [13], and complement 
dependent killing induced by the spike protein is mitigated 
by the addition of FH [24]. Several studies also suggest acti-
vation of the alternative complement pathway in the setting 
of COVID-19 [12, 24]. Apart from anti-FH antibodies, these 
factors might have had an additional role in causing endothe-
lial injury in the current patients.

Since aHUS manifested following the recovery of SARS-
COV-2 infection, specific immunosuppressive therapy could 
be initiated in our patients. A previous report from this 
center showed mild features of SARS-CoV-2 infection in 
children with chronic kidney disease including those receiv-
ing immunosuppression [25]. Therefore, in the absence 
of moderate to severe features of SARS-CoV-2 infection, 
patients with anti-FH associated aHUS may safely receive 
standard immunosuppressive therapy that is initiated when 
viral loads become undetectable. Brief therapy with ecu-
lizumab might be considered during acute infection when 
immunosuppressive therapy appears contraindicated.

About 15–20% patients with anti-FH associated aHUS 
relapse, usually within the first 2 years of the illness [4]. 
In our nationwide database of 436 patents, relapses beyond 
2 years were rare, and seen in ~ 5% patients [4]. On the other 
hand, 3 of our 5 patients had relapse of aHUS associated 
with high titer anti-FH antibodies, following prolonged 
remission for 2–6 years. The temporal sequence of a febrile 
illness with demonstration of infection by RT-PCR in 1 
patient and by high anti-SARS-CoV-2 antibody titers in all 
suggests that infection with SARS-CoV-2 might be the trig-
ger for occurrence of anti-FH associated aHUS, including 
the patients with late relapse. The seroprevalence of SARS-
CoV-2 infection in Delhi was ~ 25% in October 2020, which 
increased to 61–74% following the second COVID-19 wave 
[26, 27]. While it is possible that the association of aHUS 
with COVID-19 might be a coincidence, all 5 patients were 
clustered within a few weeks during summer and followed 
the peak of the pandemic in Delhi. We suggest increased 
vigilance for SARS-CoV-2 infection triggered occurrence 
of anti-FH associated HUS, including in patients with 

quiescent disease for prolonged periods. Prompt diagnosis 
and appropriate therapy are associated with satisfactory kid-
ney outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00467- 021- 05390-4.
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