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Hepatitis C-related membranoproliferative glomerulonephritis 
in the era of direct antiviral agents

Glomerulonefrite membranoproliferativa relacionada à hepatite C 
na era dos agentes antivirais diretos

A glomerulonefrite membranoproliferativa 
(GNMP) é a glomerulopatia associada ao 
vírus mais típico da hepatite C (HCV), e 
os dados disponíveis sobre a utilização de 
antivirais de ação direta (AAD) na glomeru-
lonefrite associada ao HCV são inadequa-
dos. Avaliamos a resposta renal e viral em 
dois casos de GNMP relacionados ao HCV; 
o primeiro causado por crioglobulinemia, 
enquanto o segundo era negativo para crio-
globulina. Ambos os pacientes receberam 
imunossupressão além de AAD em diferen-
tes esquemas terapêuticos. Eles alcançaram 
remissão parcial, mas permaneceram de-
pendentes da imunossupressão por mais de 
6 meses após os AAD, apesar da resposta 
virológica sustentada, que permitiu a reti-
rada da imunossupressão mais segura, mas 
incompleta. Ambos os pacientes foram tes-
tados para HCV oculto em células mono-
nucleares do sangue periférico e deram re-
sultados negativos. Portanto, o tratamento 
do GNMP relacionado ao VHC deve ser de 
acordo com a condição clínica e os efeitos 
da terapia medicamentosa. É importante 
considerar que a resposta renal pode ficar 
aquém da resposta virológica.

Resumo

Membranoproliferative glomerulonephri-
tis (MPGN) is the most typical Hepati-
tis C virus (HCV)-associated glomeru-
lopathy, and the available data about 
the utilization of direct-acting antivirals 
(DAA) in HCV-associated glomerulone-
phritis is inadequate. We evaluated the 
renal and viral response in two cases of 
HCV-related MPGN; the first caused by 
cryoglobulinemia while the second was 
cryoglobulin-negative. Both patients re-
ceived immunosuppression besides DAA 
in different regimens. They achieved 
partial remission but remained immuno-
suppression-dependent for more than 6 
months after DAA despite sustained vi-
rological response, which enabled safer 
but incomplete immunosuppression wi-
thdrawal. Both patients were tested for 
occult HCV in peripheral blood mono-
nuclear cells and found to be negative. 
Hence, the treatment of HCV-related 
MPGN ought to be according to the cli-
nical condition and the effects of drug 
therapy. It is important to consider that 
renal response can lag behind the viro-
logical response.
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Introduction

Hepatitis C virus (HCV) can cause 
extra-hepatic manifestations including 
nephropathy and mixed cryoglobuli-
nemia (MC). Glomerular diseases are 
the most common type of nephropathy 
related to HCV 1. The foremost com-
mon variety of HCV associated glome-
rulopathy is immune-complex-mediated 

membranoproliferative glomerulonephri-
tis (MPGN), which is linked to type II MC. 
It can also happen less commonly in the 
absence of cryoglobulinemia 2. Generally, 
patients with HCV infection have a gre-
ater chance of end-stage renal disease 
(ESRD) (4.3/1000 person-year), compa-
red to patients without HCV infection 
(3.1/1000 person-year) 3.
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Timely and effective management of HCV-
related glomerular disease is paramount to improve 
the outcome. Various approaches have been rec-
ommended including immunosuppressive therapy 
(corticosteroids, cytotoxic agents, and monoclonal 
antibodies) and antiviral therapy. These regimens 
should be considered according to the level of pro-
teinuria and kidney failure 4. In light of the Kidney 
Disease Improving Global Outcomes (KDIGO) sug-
gestions, patients with minor or moderate kinds of 
HCV-associated glomerulonephritis with the steady 
renal condition and additional non-nephrotic pro-
teinuria ought to be treated first with a direct-acting 
antiviral (DAA) regime. Patients with significant 
cryoglobulinemia or serious glomerular disease 
caused by HCV (i.e., rapidly developing renal dys-
function or nephrotic range proteinuria) should be 
considered for immunosuppressive therapy with 
or without plasmapheresis plus DAA therapies. 
Furthermore, patients, who do not improve with, 
or can’t tolerate DAA have to be managed with im-
munosuppressive regimen 1.

Inadequate evidence exists on the usage of 
DAAs in addition to the safety and efficacy of using 
Mycophenolate Mofetyl (MMF) in patients with 
HCV-associated glomerular disease 5,6. Therefore, 
we intended to evaluate two cases of HCV-related 
MPGN who had acute worsening of renal function 
and were managed with immunosuppression and 
DAA treatment and to assess the effects of their ma-
nagement on renal function and HCV viral load.

Case Studies

Case 1: A 42-year-old lady presented with a 1-mon-
th history of lethargy, low-grade fever, large joint ar-
thritis, vasculitic lower limb skin rash, bilateral ankle 
edema, and facial puffiness.

Her creatinine increased from 1.8 mg/dL (eGFR = 
34 mL/min/1.73 m2) to 2.3 mg/dL at presentation. She 
had proteinuria of 1275 mg/d and microscopic hema-
turia. Serology for HBV and HIV were negative with 
positive HCV antibodies and a viral load of 29,300 co-
pies/mL. Cryoglobulins were positive with consumed 
C3 and C4 and positive rheumatoid factor. Kidney 
biopsy revealed MPGN with fibrocellular crescents.

She started steroid therapy (methylprednisolone 
500 mg/d for 3 days, then prednisone 60 mg/day) 
and triple antiviral therapy (Sofosbuvir (400 mg od), 
Daclatasvir (60 mg od), and Ribavirin (RBV) (200 mg 
bid)). RBV was discontinued 3 weeks later due to de-
clining hemoglobin and dual therapy continued for 
12 weeks. Despite her creatinine decreased to 1.8 mg/
dL (eGFR 34 mL/min/1.73 m2) during the 1st week, 
proteinuria increased to 7533 mg/d within 2 months. 
Monthly intravenous cyclophosphamide (800 mg) 
was prescribed to allow gradual steroid withdrawal.

Creatinine and proteinuria then progressively de-
clined to 1.6 mg/dL and 1.33 gm/d respectively and 
the patient achieved partial remission by the 6th do-
se of cyclophosphamide (Figure 1). She could also 
achieve sustained virological response (SVR) with un-
detectable viral RNA 12 weeks after DAA therapy. 

Figure 1. Graph showing creatinine and proteinuria change over follow-up period in case 1.
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However, when prednisone dose reduction was at-
tempted to 10 mg/day, the patient had a relapse with 
a rise in proteinuria to 6.3 gm/day. This was 4 months 
after DAA therapy and 1 week after the last cyclo-
phosphamide dose. Prednisone was then increased 
to 30 mg/day and MMF was instituted (1 gm bid). 
Proteinuria then declined to 1.56 gm/day and partial 
remission could be resumed. Five months later, she 
had another relapse also during steroid withdrawal. 
Occult HCV (HCV-RNA in peripheral blood mono-
nuclear cells (PBMCs)) and cryoglobulins were un-
detectable when tested about 10 months after DAA 
therapy. After a follow-up period of 2 years and 6 
months, the patient is on 5 mg/day prednisone and 
1500 mg/day MMF.

Case 2: A 62-year-old lady presented with acute 
deterioration of kidney function while being evalu-
ated for HCV treatment with DAA, associated with 
lethargy, pallor, extensive vasculitic eruption over her 
lower limbs, and marked splenomegaly. The patient 
was diagnosed with HCV in 2004 and had a skin 
biopsy for vasculitic rash revealing leukocytoclastic 
vasculitis. She was then treated with a combination 
of standard interferon and ribavirin, which failed to 
clear the virus. Her creatinine, which was 1.05 mg/
dL, increased in 2013 to 1.7 mg/dL (eGFR= 33.4 mL/
min/1.73m2), and continued to increase gradually 
thereafter.

In 2015, during the current presentation, creatinine in-
creased from 2.05 mg/dL to 3.18 mg/dL over 5 months. 

She had proteinuria (1179 mg /day), microscopic he-
maturia, consumed C3, and C4 with undetectable 
cryoglobulins and rheumatoid factor. Serum HCV 
RNA was 4762872 IU/mL. Her kidney biopsy showed 
evidence of MPGN with thrombotic microangiopathy.

She started immunosuppression with tapering ste-
roids (methylprednisolone 500 mg/d for 3 days then 
prednisone 60 mg/d) and MMF (1 gm bid) (Figure 2). 
Creatinine declined to 2.19 mg/dL (eGFR = 23.9 mL/) 
and proteinuria reached 1814 mg/day within the 1st 
month. Gradual steroid withdrawal was then imple-
mented. MMF dose was reduced and then switched to 
mycophenolate sodium (720 mg bid) due to resistant 
diarrhea. Over the next 6 months, her creatinine re-
mained stable with declining proteinuria to 488 mg/d. 
However, the patient had a relapse when steroid re-
duction was attempted to a daily dose of 15 mg pred-
nisone. Her creatinine increased to 2.9 mg/dL and the 
proteinuria to 3823 mg/d, thus the previous daily dose 
of 20 mg was resumed and successfully kept her kidney 
function and proteinuria back to the previous values.

Nine months after starting immunosuppression, 
she started DAA (ombitasvir (12.5 mg), paritapre-
vir (75 mg), and ritonavir (50 mg) (2 tablets od) 
“Querivo®”). RBV (200 mg od) was added initially 
and discontinued after 2 months due to severe resis-
tant anemia despite erythropoietin therapy, frequent 
blood transfusion, and RBV dose reduction to 200 
mg EOD. The patient HCV RNA was undetectable 
by the end of DAA therapy and after 12 weeks.

Figure 2. Graph showing creatinine and proteinuria change over follow-up period in case 2. IS: immunosuppression.
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After the antiviral therapy, the patient went in par-
tial remission with stable kidney function (creatinine 
1.96 mg/dL; eGFR 27.1 mL/min/1.73 m2), and protei-
nuria of 446 mg/day. She had a relapse when myco-
phenolate dose reduction was attempted 6 months 
after the antiviral therapy. However, careful steroid 
withdrawal was feasible until reaching alternating 
daily doses of 5 and 7.5 mg. Occult HCV was also 
undetectable when tested in PBMCs.

Discussion

We report the cases of 2 patients with HCV-related 
MPGN; the first had MPGN caused by cryoglobu-
linemia while the second was cryoglobulin-negative. 
Both patients were indicated for treatment with im-
munosuppression besides the anti-viral therapy, and 
both could then achieve partial remission. However, 
the patients remained immunosuppression-dependent 
for more than 6 months after DAA despite achieving 
SVR which enabled safer but incomplete immunosu-
ppression withdrawal. 

The beneficial impact of viral clearance after an-
tiviral therapy on proteinuria and kidney function 
in patients with HCV-related MPGN has been well 
established 7,8. However, clinical recovery with im-
munosuppression withdrawal is expected to be de-
layed after the viral response given that clearance of 
cryoglobulins can lag behind viral clearance by 4-6 
weeks 9. Moreover, it is agreed among studies that the 
attainment of HCV RNA negativity does not always 
confer the resolution of HCV-related cryoglobuline-
mia. According to the case series reported by Sise et 
al. 8, cryoglobulin levels decrease reaching a nadir at 
a median of 4.6 months (range 22 days to13 months). 
Six of seven patients with HCV-related cryoglobuli-
nemia complicated by MPGN achieved SVR and 3 
of them had persistent cryoglobulin positivity. Patients 
with active GN experienced an improvement in eGFR 
and reduction in proteinuria after the successful treat-
ment with DAA therapy. Six of the seven patients re-
ceived immunosuppression before initiation of DAA 
therapy and only one received immunosuppression 
concurrent with antiviral therapy 8. Another case 
series reported five patients with HCV complicated 
by MC who had persistence of cryoglobulins with 
the resultant untoward clinical ramifications despite 
achieving SVR after having triple antiviral therapy. 

More interestingly, like in our first case, clearance of 
cryoglobulins did not necessarily ensure the resolu-
tion of clinical symptoms 10.

There is no clear mechanism to explain the lag in 
immunologic and/or clinical response behind the viral 
clearance. It can be argued that it takes some months 
for significant declines in cryoglobulin concentrations 
following successful antiviral therapy 11. This period 
may be longer in patients with more advanced chronic 
HCV who may have decreased ability to clear immune 
complexes 10. Another explanation is the presence of oc-
cult HCV infection despite negative serum viral load. 
A strong association was evident between occult HCV 
and immune-mediated GN when patients with negative 
serum HCV-RNA were tested for occult HCV-RNA 
in PBMNCs or in serum after ultracentrifugation 12. 
Similarly, the persistence of MC after HCV clearance is 
associated with the detection of occult HCV in PBMNCs 
13. Interestingly, MPGN could even be induced by the 
persistence of HCV antigen in the kidney in patients 
with HCV-negative viral load and negative occult HCV 
in hematopoietic cells. In 3 patients with MPGN associ-
ated with MC and a history of HCV infection confirmed 
by the presence of serum anti-HCV antibodies with a 
negative viral load, no evidence of occult HCV infection 
was found in PBMCs and in the cryoprecipitate, but 
HCV-NS3 antigen was present in the kidney biopsy in 
one of them 14. Our patients were tested for occult HCV 
as a putative mechanism driving the ongoing immune 
activity and viral RNA was undetected in PBMNCs 15.

We suggest that some forms of immune dysregu-
lation can be responsible for the persistent immune 
activity after viral clearance. The presence of “point 
of no return” in the natural history of such lympho-
proliferative disorder, with progressive independence 
from the etiologic agent cannot be excluded 13.

On the other hand, immunosuppression prescrip-
tion for patients with severe forms of HCV-related 
glomerular disorders leads to improved outcome. In 
a prospective study, rituximab combined with Peg-
IFN-α/ribavirin, in HCV-associated MC, had a better 
outcome than Peg-IFN-α/ribavirin alone 16. Patients 
with nephrotic-range proteinuria and/or rapidly pro-
gressive kidney failure or an acute flare of cryoglo-
bulinemia should receive plasmapheresis, rituximab, 
or cyclophosphamide in conjunction with methyl-
prednisolone and concomitant antiviral therapy 17. 
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Choosing the appropriate immunosuppressive regimen 
should be individualized taking into account many fac-
tors: age, the severity of liver and renal involvement, 
extra-renal manifestations, any previous treatment, 
contraindications or adverse events, and the balan-
ce between immunosuppression and virus activity 6. 
Rituximab is recommended as the first line and cyclo-
phosphamide as the alternative immunosuppressant 1,17, 
while the use of MMF was reported as an effective and 
safe alternative in few cases 5,6. In our first patient, we 
used cyclophosphamide as the initial immunosuppres-
sive and then used MMF as the alternative when the 
patient had a late relapse. In the second, we used MMF 
as the initial immunosuppressive given her old age, 
prolonged history of chronic hepatitis C, long duration 
of kidney affection, and the presence of chronic ane-
mia; all the clinical decision was made to avoid the hi-
gh dose-cyclophosphamide regimen. In both patients, 
we experienced MMF as safe and effective with no 
major side effects except recurrent upper respiratory 
tract and urinary tract infections in the first patient, 
and diarrhea in the second, which settled by replacing 
MMF with mycophenolate sodium.

In conclusion, the management of HCV-related 
MPGN should be customized by the clinical seriousness 
and reaction to treatment. The renal reaction can de-
lay after the virological reaction. Along these lines, it is 
critical to begin immunosuppression with or before the 
antiviral treatment in extreme cases and to maintain im-
munosuppression even after negative HCV viral load.

Acknowledgments

First and foremost, thanks to ALLAH the most gra-
cious and merciful, also to the staff working in outpa-
tient clinics of nephrology unit of internal medicine 
department in our hospital and the subjects of the stu-
dy, whom our work wouldn’t have been completed 
without their co-operation.

Authors’ Contribution

All authors contributed substantially to the concep-
tion, design of the study and collection, analysis, and 
interpretation of data.

Conflict of Interest

The authors declare that they have no conflict of inte-
rest related to the publication of this manuscript.

References

	 1.	Jadoul M, Berenguer MC, Doss W, Fabrizi F, Izopet J, Jha V, et 
al. Executive summary of the 2018 KDIGO Hepatitis C in CKD 
Guideline: welcoming advances in evaluation and management. 
Kidney Int. 2018 Out;94(4):663-73.

	 2.	Ozkok A, Yildiz A. Hepatitis C virus associated glomerulopa-
thies. World J Gastroenterol. 2014 Jun;20(24):7544-54.

	 3.	Tsui JI, Vittinghoff E, Shlipak MG, Bertenthal D, Inadomi J, 
Rodriguez RA, et al. Association of hepatitis C seropositivity 
with increased risk for developing end-stage renal disease. Arch 
Intern Med. 2007 Jun;167(12):1271-6.

	 4.	Fabrizi F, Martin P, Cacoub P, Messa P, Donato FM. Treatment 
of hepatitis C-related kidney disease. Expert Opin Pharmaco-
ther. 2015;16:1815-27.

	 5.	Reed MJ, Alexander GJM, Thiru S, Smith KGC. Hepatitis C-
-associated glomerulonephritis--a novel therapeutic approach. 
Nephrol Dial Transplant Off Publ Eur Dial Transpl Assoc - Eur 
Ren Assoc. 2001 Abr;16(4):869-71.

	 6.	Colucci G, Manno C, Grandaliano G, Schena FP. Cryoglobuli-
nemic membranoproliferative glomerulonephritis: beyond con-
ventional therapy. Clin Nephrol. 2011;75:374-9.

	 7.	Lu Q, Zuo L, Dong B, Yan Y, Yang B. Rituximab treatment 
for immune-complex-mediated membranoproliferative glo-
merulonephritis. Immunotherapy. 2018 Set;10(12):1027-31.

	 8.	Sise ME, Bloom AK, Wisocky J, Lin MV, Gustafson JL, Lund-
quist AL, et al. Treatment of hepatitis C virus-associated mixed 
cryoglobulinemia with sofosbuvir-based direct-acting antiviral 
agents. Hepatol Baltim Med. 2016;63:408-17.

	 9.	Stine JG, Cornella S, Shah NL. Treatment of chronic he-
patitis C complicated by mixed cryoglobulinemia with 
new protease inhibitor, sofosbuvir. Ann Rheum Dis. 2014 
Out;73(10):e64.

10.	Cornella SL, Stine JG, Kelly V, Caldwell SH, Shah NL. Persis-
tence of mixed cryoglobulinemia despite cure of hepatitis C with 
new oral antiviral therapy including direct-acting antiviral sofos-
buvir: A case series. Postgrad Med. 2015 Mar;127(4):413-7.

11.	Levine JW, Gota C, Fessler BJ, Calabrese LH, Coo-
per SM. Persistent cryoglobulinemic vasculitis following 
successful treatment of hepatitis C virus. J Rheumatol. 
2005;32(6):1164-7.

12.	Castillo I, Martinez-Ara J, Olea T, Bartolomé J, Madero R, 
Hernández E, et al. High prevalence of occult hepatitis C virus 
infection in patients with primary and secondary glomerular 
nephropathies. Kidney Int. 2014 Set;86(3):619-24.

13.	Giannini C, Petrarca A, Monti M, Arena U, Caini P, Solazzo 
V, et al. Association between persistent lymphatic infection by 
hepatitis C virus after antiviral treatment and mixed cryoglobu-
linemia. Blood. 2008 Feb;111(5):2943-5.

14.	Bataille S, Kaplanski G, Boucraut J, Halfon P, Camus C, Da-
niel L, et al. Membranoproliferative glomerulonephritis and 
mixed cryoglobulinemia after hepatitis C virus infection secon-
dary to glomerular NS3 viral antigen deposits. Am J Nephrol. 
2012;35(2):134-40.

15.	Yousif MM, Fakhr AE, Morad EA, Kelani H, Hamed EF, 
Elsadek HM, et al. Prevalence of occult hepatitis C virus 
infection in patients who achieved sustained virologic res-
ponse to direct-acting antiviral agents. Le Infez Med. 2018 
Ago;26(3):237-43.

16.	Saadoun D, Rigon MR, Sene D, Terrier B, Karras A, Perard L, 
et al. Rituximab plus Peg-interferon-alpha/ribavirin compared 
with Peg-interferon-alpha/ribavirin in hepatitis C-related mi-
xed cryoglobulinemia. Blood. 2010 Jul;116(3):326-34.

17.	Kidney Disease Improving Global Outcomes (KDIGO). A 
doença renal melhorando os resultados globais. Diretriz de 
prática clínica KDIGO para glomerulonefrite. Kidnet Int Su-
ppl [Internet]. 2012 Jun; [citado 2020 jan 12]; 2(2):1-274. 
Disponível em: https://kdigo.org/wp-content/uploads/2017/02/
KDIGO-2012-GN-Guideline-English.pdf




