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The case

A 57-year-old patient of Congolese origin with a medical 
history of hypertension under triple therapy was referred to 
the emergency department due to significant deterioration in 
general condition, loss of 10 kg in one month, fever, anosmia 
and ageusia. He also reported a few episodes of non-bloody 
diarrhea and oliguria. Laboratory findings revealed severe 
acute kidney failure (serum creatinine at 30.3 mg/dL versus 
0.8 mg/dL one month earlier, blood urea nitrogen at 536 mg/
dL), hyperkaliemia at 7.4 mmol/L, and low bicarbonatemia 
at 13 mmol/L (Supplemental table). There was glomerular-
range proteinuria with urinary protein-to-creatinine ratio 
(uPCR) at 1.2 g/g including 0.6 g/g of albuminuria and 

microscopic hematuria (41/mm3). Normocytic anemia was 
also noticed (10 g/dL), as was lymphopenia (300/mm3), 
marked inflammatory syndrome (C-reactive protein 2.5 mg/
dL, fibrinogen 0.52 g/dL), and hypoalbuminemia (2.5 g/dL). 
Etiological assessment showed significant activation of the 
alternate complement pathway (low C3, normal C4), non-
significant titer of anti-nuclear antibodies (1/80), and nega-
tive anti-neutrophil cytoplasmic, anti-glomerular basement 
membrane and anti-PLA2R antibodies. Biological findings 
also revealed polyclonal hypergammaglobulinemia, normal 
light chain ratio, and negative cryoglobulinemia. Testing 
for human immunodeficiency, hepatitis B/C viruses, and 
syphilis were negative, as were CMV, HHV6, HHV7 and 
Parvovirus B19 detection by PCR. Finally, nasal and tracheal 
PCR confirmed acute SARS-CoV-2 infection. The patient 
initially needed two dialysis sessions. He did not require 
any oxygen support nor specific treatment for COVID-19 
infection. However, given the persisting kidney dysfunction 
one month later (serum creatinine 2.5 mg/dL and increased 
uPCR 4.9 g/g), a kidney biopsy was performed, revealing a 
collapsing variant of focal and segmental glomerulosclerosis 
(FSGS): histological examination was significant for diffuse 
hypertrophy and vacuolation of podocyte cytoplasm, diffuse 
interstitial lymphoplasmacytic infiltrate, and acute tubular 
necrosis associated with several microcystic tubular dila-
tions (Fig. 1). There was no sign of cellular proliferation 
within the glomeruli. Immunofluorescence testing revealed 
mild peripheral and polytypic IgM and C3 deposits within 
the glomeruli. Electron microscopy did not reveal any foot 
process effacement, immune deposition, or endothelial tub-
ulo-reticular inclusion. In this context, APOL1 genotyping 
was performed on a peripheral blood sample with respect 
to G0 wild type, G1 (rs73885319 and rs60910145) and 
G2 (rs71785313) SNPs by direct Sanger sequencing. This 
analysis revealed the rare APOL1 genotype G1GM/G1G+. 
Four months after admission, renal outcome was globally 
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favorable with serum creatinine stabilization at 1.6 mg/dL 
and sequelae proteinuria at 1.6 g/g under ACE inhibitors. On 
a physical level, the patient fully recovered.

Lessons for the clinical nephrologist

We report a case of severe acute renal failure complicating 
SARS-CoV-2 infection and revealing a collapsing variant 
of FSGS. Genetic analysis showed the presence of a very 
rare APOL1 high risk genotype G1GM/G1G+, which was, for 
the first time to the best of our knowledge, associated with 
COVID-19-related nephropathy. Our case thus provides 
further arguments for the pathophysiological hypothesis of 
a double-hit mechanism and represents an opportunity to 
summarize the current evidence on this emerging cause of 
glomerulopathy.

What about ‘COVID‑19 associated nephropathy’ 
(COVAN)?

Since the start of the COVID-19 pandemic, many teams 
have reported a renal tropism of the infection. A prospec-
tive Chinese cohort of 707 hospitalized patients revealed that 
proteinuria, hematuria, and acute renal failure were present 
in 44, 27 and 14% of cases, respectively [1]. Renal involve-
ment was also recognized as a poor prognostic factor [1]. 
Most of the histological lesions corresponded to acute tubu-
lar necrosis [2]. However, a few authors have also reported 
glomerular involvement, in the form of collapsing glomeru-
lopathy [3]. The similarities between these lesions and those 
observed in HIV-associated nephropathy (HIVAN) have 
led to the proposal of the name ‘COVAN’ for ‘COVID-19 
associated nephropathy’ [4]. Most of the patients presented 
with severe acute kidney failure, leading in many cases to 
dialysis, with frequent failure to recover kidney function [5]. 
Our patient had the particularity of a favorable outcome, 
with the sole need for two initial dialysis sessions, followed 

by a gradual decrease in serum creatinine (up to 1.6 mg/
dL). On a histological level, in addition to collapsing FSGS, 
he exhibited very severe tubular involvement, with major 
microcystic tubular dilations. These lesions, described in 
other collapsing glomerulopathies, have also been reported 
in previous cases of COVAN [6]. Electron microscopy did 
not reveal any tubulo-reticular inclusion within endothelial 
cells (also called ‘interferon footprint’) [7]. Taken together, 
the predominance of tubular involvement and the absence of 
interferon footprint lesions could explain the spontaneous, 
favorable renal outcome. Interestingly, the cases previously 
described in the literature often reported kidney impair-
ment alone (only 12/34 patients requiring oxygen-support 
and 3/34 hospitalized in intensive care), despite the presence 
of major comorbidities (30/34 with diabetes, hypertension, 
CKD and/or obesity) that should have put them at higher 
risk of severe disease course (Table 1). Like the previous 
case reports, our patient also experienced isolated severe 
kidney impairment.

Why should we care about APOL1 genotype 
when facing COVAN?

To date, there are less than 40 COVAN cases described 
in the literature, mainly in men between 30 and 80 years 
old, and almost exclusively of African ethnicity (Table 1). 
Among all the case reports, more than half were tested 
for APOL1: almost all were of African origin (29/34) 
and all of them were positive for APOL1 risk variant [6] 
(16/18 homozygous or compound heterozygous, 2/18 het-
erozygous) (Table 1). In fact, G1 and G2 variants confer 
to the heterozygous carriers a selective advantage against 
African trypanosomiasis, at the cost of an increased risk 
of developing FSGS (17-fold higher risk) or HIVAN 
(29-fold higher risk) for the homozygous or compound 
heterozygous patients [8]. These variants were indeed 
highly prevalent (23 and 13% respectively) in an Afri-
can American population with confirmed FSGS [8]. In 

Fig. 1   Kidney biopsy findings. a Jones Methenamine Silver, magni-
fication × 200. Glomerulus presenting a typical lesion of collapsing 
variant of focal and segmental glomerulosclerosis. Collapsed capil-
lary loops with overlying podocyte hypertrophy and hyperplasia; b 

Masson’s Trichrome, magnification × 50. Moderate lesions of tubular 
atrophy and interstitial fibrosis. Microcystic dilations of renal tubules 
that are reminiscent of HIVAN lesions. Some lymphocytes may also 
be noticed on the background
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a recessive experimental model, APOL1 risk variants act 
as a ‘first hit’, which in the context of type 1 interferon 
release (‘second hit’), leads to podocyte distress and col-
lapsing glomerular lesions [9]. HIV, lupus erythematosus 
and interferon-based therapy were the main recognized 
‘second hit’ triggers, before SARS-CoV-2 infection was 
recently added to the list.

In our report, the patient was of African origin, but pre-
sented a particularly rare APOL1 genotype (G1GM/G1G+), 
which associated one common risk haplotype called G1GM 
(comprising two missense variants, rs73885319 -S342G- 
and rs60910145 -I384M-) and the G1G+ very rare haplo-
type (comprising the rs73885319 -S342G- variant only) 
[8]. Kopp et al. showed that among 271 African American 
patients with FSGS or HIVAN, the G1GM/G1G+ genotype 
was very rare (7/271 patients, 2.5%), but seemed to have 
the same impact on the development of glomerulopathy 
[8] (Fig. 2). To our knowledge, this is the first description 
of COVAN associated with this rare APOL1 risk variant. 
This G1GM/G1G+ genotype could potentially explain the 
unusual, favorable clinical course of our patient compared 
to the other patients described, most of whom remained 
dialysis-dependent (16/34; mean serum creatinine for 
those withdrawing dialysis: 3.5 mg/dL) (Table 1).

Which lessons could be drawn from this case report?

Although most kidney lesions related to COVID-19 infec-
tion are due to acute tubular necrosis, kidney biopsy remains 
essential. As illustrated by our report, some cases of collaps-
ing FSGS called ‘COVAN’ have been described, frequently 
with poor renal prognosis but also mild clinical form. The 
association of COVID-19 and collapsing glomerulopathy is 
even more frequent in patients of African origin, in whom 
the prevalence of risk variants of APOL1 is higher. Our 
report thus highlights the contribution of genetic analysis in 
the context of COVAN, (and the need of not simply report-
ing the most frequent risk variants). The genetic results may 
thus have a prognostic implication for the patients, (as well 
as a prevention interest for their relatives). Unlike most of 
the previously described cases of COVAN, our patient pre-
sented an overall favorable outcome, potentially explained 
by the presence of a very rare risk variant of APOL1.

Supplementary Information  The online version contains supplemen-
tary material available at https​://doi.org/10.1007/s4062​0-020-00935​-6.

Acknowledgments  The authors would like to thank Dr F. Moulonguet, 
Dr C. Gauvain, Dr M. Maanaoui, Dr R. Lenain and Dr F. Provôt for 
proofreading and for their insightful advice on this work.

Fig. 2   Frequency of APOL1 risk haplotypes in an African Ameri-
can population, according to their clinical condition: healthy donors, 
FSGS, HIVAN, and COVAN. Schematic representation of four main 
APOL1 haplotypes: Wild type (G0), G1GM (with 2 missense risk 
alleles), G1G+ (with 1 missense risk allele) and G2D6 (with 6-bp 
deletion risk allele). APOL1 haplotype frequency in African Ameri-

can control population, FSGS, HIVAN and COVAN. Data regarding 
FSGS, HIVAN and healthy donors are extracted from the Kopp et al. 
study [8]. COVAN data correspond to the literature review includ-
ing our case (Table  1). COVAN COVID-19-associated nephropathy, 
FSGS Focal Segmental Glomerulosclerosis, HIVAN HIV-associated 
nephropathy, WT Wild type
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