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Endothelial cell (EC) injury has emerged as a hallmark of infec-
tion resulting from severe respiratory coronavirus 2.1–3 Comple-
ment activation or dysregulation is another notable feature of
COVID-19,4,5 and elevated plasma levels of sC5b-9, a marker of
activation of the complement terminal pathway, have been
reported in up to 2/3 of COVID-19 patients,6 and correlate with
disease severity.4,6

Complement dysregulation is also a well-established pathogenic
mechanism of a rare form of renal thrombotic microangiopathy

(TMA), the atypical hemolytic uremic syndrome (aHUS), triggered
by complement-induced EC damage.7

To date, renal TMA has been very rarely documented in the
COVID-19 setting.8,9 We report on 5 patients with COVID-19-
associated renal TMA, among whom 4 tested patients carried
complement genetic susceptibility factors for aHUS.

Patients with COVID-19-associated renal TMA were identified
using the databases of the French HUS Registry and the
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Complement reference Centre in Lausanne. COVID-19 infection
was diagnosed in all cases, based on a positive polymerase chain
reaction test for severe respiratory coronavirus 2 in oropharyn-
geal swab samples. Renal TMA was defined by at least 3 of the
following criteria: (1) thrombocytopenia (platelet count ,150
g/L), (2) mechanical hemolytical anemia (hemoglobin ,10 g/
dL, lactate dehydrogenase serum level .upper limit of normal
[ULN], undetectable haptoglobin, presence of schistocytes on
blood smear), (3) acute kidney injury (serum creatinine and/or
proteinuria/creatininuria .ULN for age or an increase .15%
compared with baseline), and (4) features of TMA in kidney
biopsy.

Measurement of plasma C3, C4, CH50, factors H (FH) and I (FI),
sC5b-9, and CD46 expression on granulocytes and tests for
anti-FH antibodies were performed as previously described.10

Screening for variants and complex rearrangements in comple-
ment factor H (CFH), complement factor I, membrane-cofactor
protein, C3, and factor B genes was performed using next-
generation sequencing and multiplex ligation-dependent probe
amplification, as previously described.10 All patients gave
informed consent for genetic testing.

Five adult patients with COVID-19-associated renal TMA were
identified in 5 French and Swiss nephrology, renal transplantation,
and internal medicine units (Table 1; supplemental Figure 1, avail-
able on the Blood Web site). None had a personal or familial his-
tory of aHUS. Three patients were renal transplant recipients and
the cause of their end-stage kidney failure was focal segmental
glomerulosclerosis, immunoglobulin A nephropathy (n 5 1), and
nephroangiosclerosis (n 5 1). They presented with a COVID-19-
associated renal TMA, 3.5 to 24 months after renal transplanta-
tion. At TMA onset, they were receiving tacrolimus (n 5 3) and
everolimus (n 5 1) and none had donor-specific antibodies. All
patients had mild respiratory symptoms of COVID-19 and only 1
required low-grade oxygen therapy. The interval between
COVID-19 diagnosis and TMA diagnosis ranged from 0 to 30
days. Patients 1, 3, and 4 presented with severe hypertension (sys-
tolic 163-212 mm Hg; diastolic 92-130 mm Hg). In all cases, renal
dysfunction was severe (serum creatinine, 2.3-10 mg/dL) and 3
patients required hemodialysis. Thrombocytopenia was profound
with a platelet count #50 g/L in 4 patients. Three patients had
extrarenal TMA manifestations: neurological symptoms (confu-
sion, central facial palsy) in patient 2 and intestinal involvement
(pain, diarrhea) in patients 3 and 4 (documented by intestinal
biopsy disclosing capillary thrombi in patient 3). Renal biopsy per-
formed in 3 patients during the acute phase disclosed typical fea-
tures of TMA (supplemental Figure 2). In patient 3, a biopsy of the
kidney transplant performed 3 weeks after TMA resolution
showed duplication/wrinkling of the glomerular basement mem-
brane. In all biopsies, no significant immune deposits were
detected. All patients had detectable (.20%) ADAMTS13 activity,
and polymerase chain reaction for Shiga toxin in stool was nega-
tive in tested patients 2 through 4. No patients had evidence of
disseminated intravascular coagulation, with normal fibrinogen,
prothrombin, and partial thromboplastin time. Tacrolimus trough
levels were 20, 9.2, and 5.7 mg/L in patients 2, 4, and 5,
respectively.

Complement work-up performed at the time of TMA (Table 2)
showed increased plasma C3 and C4 levels in all patients (proba-
bly as part of the inflammatory response) and mildly increased
sC5b-9 plasma level in 1 patient. FH and FI plasma levels were
decreased in 1 patient. Anti-FH antibodies were detected in 2
patients. In 3 of the 4 patients for whom DNA samples were avail-
able, a pathogenic rare variant was detected: 1CFH variant known
to be associated to decreased plasma FH levels in vivo, 1 comple-
ment FI variant associated to a decreased FI synthesis docu-
mented in vitro,11 and 1 C3 variant associated to an impaired
C3 regulation.12 An additional patient carried, in homozygosity,
the haplotype H3 in the CFH gene (tgtgt), an established risk fac-
tor for aHUS.7

Two patients underwent plasma exchanges with fresh frozen
plasma, whereas 3 were treated with eculizumab. Patient 4
received 2 infusions of rituximab for anti-FH antibodies. At the
last known follow-up (1-6 months), 2 patients remained dialysis-
dependent, 2 renal transplant recipients regained their baseline
renal function, and a third had a decreased function of the renal
transplant.

Data on COVID-19-associated TMA are scarce9,13,14 (supple-
mental Table 1). We report here the first series of renal TMA
in COVID-19 patients, which includes extensive complement
work-up. The first remarkable finding is the sharp contrast
between mild respiratory symptoms but severe renal (and
in 3 patients extrarenal) TMA. Therefore, COVID-19–related
morbidity was mainly due to TMA rather than to the pulmo-
nary involvement. Three of the patients in the present series
and 2 from previously published cases are renal transplant
recipients. Underlying kidney graft (vascular) damage and
tacrolimus/everolimus use and very high trough levels (par-
ticularly in patient 2), may have contributed to trigger
TMA in the renal graft.

The second remarkable finding is the detection in 3 tested
patients of complement gene variants associated to an altered
regulation of the complement alternative pathway, and thus to
an increased risk of complement-mediated EC injury. An addi-
tional tested patient had the at-risk haplotype (H3) in the CFH
gene, which predisposes to aHUS. Interestingly, the only previ-
ously reported patient with COVID-19–associated renal TMA
who was tested for complement gene variants, was found to carry
a pathogenic rare variant in the C3 gene and an at-risk haplotype
in the membrane-cofactor protein gene.9 Thus, to date, all 5
reported patients with COVID-19–associated renal TMA, who
underwent genetic testing, carry a constitutional complement dys-
regulation. These findings require confirmation in larger series.
Noteworthy, 2 patients were positive for anti-FH antibodies, but
the pathogenic relevance of these autoantibodies is unclear,
and their presence may reflect the stimulation of the immune sys-
tem because of COVID-19, rather than a causal role in the TMA.

The discussion of the role of systemic complement activation has
been one of the central issues in the management of COVID-19
patients.6,15–19 Limited preliminary reports suggested a potential
benefit of C5 blockade in severe forms of COVID-19,6,15 but 2 pro-
spective studies did not show any clear benefit of C5 or C5a
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blockade in this setting.20,21 However, the patients presented
here had mild pulmonary COVID-19 manifestations and
absent or moderate markers of systemic complement activa-
tion. These findings suggest that TMA in our patients resulted
predominantly from intrarenal complement activation and
ensuing EC damage, associated to a genetic dysregulation
of the complement alternative pathway in at least 4 patients
(ie, a clinical and genetic pattern of renal TMA similar to the
one reported in complement-mediated aHUS). These similar-
ities suggest that HUS is not a unique manifestation of COVID-
19, but rather that COVID-19 is a newly identified potential
infectious trigger for aHUS, in accordance with previous data
on complement-mediated aHUS precipitated by viral infec-
tions, mostly influenza strains.22 The awareness of a potential
association of COVID-19 with complement-mediated aHUS
may help improve patients’ management. The use of anti-
complement therapies should be considered in this form of
HUS associated with COVID-19, to potentially limit kidney
damage. However, the limited number of patients in the pre-
sent series preclude any firm conclusions, and additional data
are required.

In summary, COVID-19 is a potential newly identified trigger for
complement-mediated aHUS. The identification of such associa-
tion has important clinical implications and additional data are
required.
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