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ABSTRACT

Background. Membranous nephropathy (MN) can be associated with hepatitis infection and less commonly with human
immunodeficiency virus (HIV) infection. The significance of anti-phospholipase A2 receptor (PLA2R) and anti-
thrombospondin type 1 domain-containing 7A (THSD7A) antibodies in this setting is unclear.

Methods. We describe the clinical, histopathological and outcome data of 19 patients with MN and hepatitis B virus (HBV),
hepatitis C virus (HCV) or HIV infection identified through our renal biopsy database and the association with anti-PLA2R
antibodies and anti-THSD7A antibodies.

Results. The cohort consisted of 19 patients, 8 male and 11 female, with a median age of 42 years (range 23–74). HBV infection
was found in six cases, HCV in four and HIV in nine (two HIV patients had HBV co-infection and one HCV co-infection).
PLA2R staining on biopsy was positive in 10/19 patients: 4 with HBV-MN, 3 with HCV-MN and 3 with HIV-MN and circulating
anti-PLA2R antibodies were detected in 7/10 cases. THSD7A staining on biopsy was positive in three PLA2R-negative cases,
one with HBV-MN and two with HIV-MN. Mean proteinuria was higher in the PLA2R-positive group and the median urinary
protein:creatinine ratio (uPCR) was 963 mg/mmol (range 22–2406) compared with the PLA2R-negative group [median
uPCR 548 mg/mmol (range 65–1898); P ¼ 0.18 Mann–Whitney]. Spontaneous remission occurred in 6/19 patients and after-
treatment remission occurred in 7/11 patients. Renal function was preserved in all but two patients who required
haemodialysis 2 and 11 years from diagnosis.

Conclusions. We describe a cohort of patients with MN associated with viral infection, including rare cases of HIV-MN with
PLA2R and THSD7A positivity. The mechanism of coincidental or viral-related MN needs to be investigated further.
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INTRODUCTION

Membranous nephropathy (MN) is a common cause of ne-
phrotic syndrome in adults. Discovery of the phospholipase A2
receptor (PLA2R) as the major target antigen in MN [1] signifi-
cantly contributed to our understanding of the condition.
Autoantibodies against PLA2R are most commonly found in up
to 70% of primary (idiopathic) cases of MN. It has been sug-
gested that the differentiation between primary and secondary
MN should be based on the presence or absence of PLA2R in the
glomerular immune deposits [2] and that this is more sensitive
than circulating anti-PLA2R antibodies [3]. However, anti-PLA2R
antibodies can be found in cases considered secondary due to
association with malignancy or infection [4–6]. More recently,
the thrombospondin type 1 domain-containing 7A (THSD7A)
was identified as a target antigen in PLA2R-negative cases of
MN, although its incidence is much lower, accounting for 3–9%
of cases [7–10].

Hepatitis B virus (HBV) infection has a high worldwide inci-
dence and can cause HBV-MN [11–14]. Viral components can be
found in the immune deposits in MN [11, 14], although this is
not always the case [15]. The role of anti-PLA2R antibodies in
this setting is unclear; however, it is likely that HBV infection
can induce autoimmunity and PLA2R positivity. Viraemia can
be associated with the severity of nephrotic syndrome and anti-
viral treatment appears to be beneficial in reducing proteinuria
and achieving remission [16–18].

Hepatitis C can often be associated with immune-complex
glomerulonephritis (GN), mostly in the context of membrano-
proliferative GN or cryoglobulinaemic GN. Little is known about
the role of anti-PLA2R antibodies in hepatitis C virus (HCV) in-
fection in the context of nephrotic syndrome, with only a few
cases described with PLA2R-positive HCV-MN [19].

MN has been infrequently described in the context of human
immunodeficiency virus (HIV) infection, with a few published
case reports [20, 21]. However, to our knowledge, no PLA2R-posi-
tive cases of HIV-MN have been reported.

Here we report the clinical, histopathological and outcome
data of 19 patients with MN associated with HBV, HCV and HIV
and association with PLA2R positivity.

MATERIALS AND METHODS
Study patients

From January 2008 to January 2019, 4853 native renal biopsies
were performed in our centre and 466 received a diagnosis of
MN (primary or secondary). We identified 21 cases of MN with a
previous or active viral infection with HBV, HCV or HIV. Clinical,
laboratory and histopathological data were available for 19
cases. A diagnosis of viral infection was based on the following
criteria: (i) for HBV infection: evidence of serum positivity for
HBV surface antigen (HbSAg), HBV e antigen (HBeAg), HBV core
antibody (HBcAb), HBV e antibody (HBeAb) or detectable HBV
DNA; (ii) for HCV infection: serum positivity for HCV antibody
(HCVAb) or detectable HCV RNA and (iii) for HIV infection: se-
rum positivity for anti-HIV1/HIV2 antibody or detectable HIV1/2
RNA.

Patients’ medical records were reviewed for demographics,
clinical findings, treatment and clinical outcomes. Laboratory
results were reviewed for viral titres, anti-PLA2R antibodies
(tested by enzyme-linked immunosorbent assay, Euroimmun,
Lubeck, Germany) and parameters of renal function.

Histopathology

All renal biopsies were processed according to standard techni-
ques for light microscopy (LM), immunofluorescence (IF), immu-
noperoxidase (IP) and electron microscopy (EM). For each
patient, glass slides were prepared and stained with haematox-
ylin and eosin, periodic acid–Schiff, trichrome and Jones methe-
namine silver. IF was performed on 4-lm cryostat sections
using polyclonal fluorescein isothiocyanate (FITC)-conjugated
antibodies to immunoglobulin G (IgG), IgM, IgA and comple-
ment components 3 (C3) and 1q (C1q), kappa and lambda
chains. IF was scored by the pathologist on a scale of 0 to 3þ.
When frozen sections were not available for IF, IgG and C3 were
tested by IP on 4-lm paraffin-embedded sections. IgG subtype 4

(IgG4) staining was performed on paraffin-embedded sections.
EM was performed as per clinical routine.

Biopsies were stained for PLA2R by IF on proteinase-digested
paraffin sections using an anti-PLA2R1 primary antibody
(Sigma-Aldrich, St. Louis, MO, USA) and an FITC-conjugated
anti-IgG (Life Technologies, Waltham, MA, USA) secondary anti-
body. For THSD7A staining on PLA2R-negative biopsies, the heat
antigen retrieval method (pH 9, 95�C) was performed followed
by anti-THSD7A primary antibody (Atlas). HBV-MN biopsies
were also stained for HbSAg by immunohistochemistry after
standard heat antigen retrieval method (pH 9, 95�C) with anti-
HbSAg (Biorbyt, Cambridge, UK); HBV-positive liver sections
were used as controls. Staining was visualized using a DAKO
(Santa Clara, CA, USA) EnVision kit as per the manufacturer’s
instructions.

A diagnosis of MN was based on the characteristic histo-
pathological findings on renal biopsy. These were subepithelial
deposits evidenced as ‘spikes’ and ‘holes’ on silver stain, granular
capillary loop staining for IgG and C3 on IF or IP and subepithelial
and/or intramembranous electron dense deposits (EDDs) on EM
[22]. A characteristic renal biopsy is illustrated in Figure 1.

Statistical analysis

Statistical analysis was performed using GraphPad PRISM
(GraphPad Software, San Diego, CA, USA). Continuous variables
are reported as median with range. Analysis was performed us-
ing non-parametric tests including the Fisher’s exact test as
appropriate.

RESULTS
Clinical and laboratory features

Our cohort consisted of 19 patients, 8 males and 11 females
with a median age of 42 years (range 23–74). Five patients were
white, seven South Asian and seven Afro-Caribbean. Indication

Table 1. PLA2R and THSD7A biopsy staining results in MN associ-
ated with HBV, HCV, HIV

Virology Total PLA2R pos THSD7A pos PLA2R/THSD7A neg

HBV 6 4 1 1
HCV 4 3 0 1
HIV 6 2 2 2
HIVþHBV 2 1 0 1
HIVþHCV 1 0 0 1

pos: positive; neg: negative.
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for biopsy was nephrotic syndrome or abnormal renal function
in the context of known HBV, HCV or HIV infection.

Based on current or historical serological positivity for viral
infection, six patients had a diagnosis of HBV, four had HCV and
six had HIV. Two patients had HIV–HBV co-infection and one
had HIV–HCV co-infection (Table 1).

PLA2R was tested by renal biopsy staining and was positive
in four HBV-MN cases, three HCV-MN cases and two HIV-MN
cases. In the HIV co-infection group, one HIV-HBV case was
PLA2R positive but the single HIV–HCV co-infection case was
PLA2R negative.

Serum anti-PLA2R antibody levels at the time of biopsy were
available in 7/10 PLA2R-positive cases: 3 with HBV-MN, 2 HCV-
MN and 2 HIV-MN. Serial results were available in 6/10 patients
and are shown in Figure 2.

THSD7A testing was performed by renal biopsy staining of
the PLA2R-negative cases and was positive in one HBV-MN case
and two HIV-MN cases.

In the HBV-MN group, the two patients with detectable HBV
viral load at the time of diagnosis with MN received entecavir or
tenofovir to suppress the viral load prior to the introduction of
immunosuppression. Others received lamivudine or tenofovir
prophylaxis to avoid viral replication while on immunosuppres-
sion for MN.

Of the four patients with HCV infection, two had received
treatment with pegylated interferon at 2 and 3 years, respec-
tively, prior to the diagnosis of PLA2R-positive MN and two had
spontaneously cleared the virus. The exact time of HCV virae-
mia was unknown in both these cases. At the time of renal

biopsy, all patients in the HCV group had a positive anti-HCVAb
and none had a detectable viral load. One patient with HCV and
HIV co-infection was treated with Viekirax/Exviera/Ribavirin for
hepatitis C.

Nine patients had HIV including those with HBV and HCV
co-infection. Most patients were on antiretroviral treatment at
the time of biopsy. HIV viral loads and CD4 counts at the time of
biopsy are detailed in Table 2.

Demographic and clinical findings are presented in Table 2.
Most patients had preserved renal function at the time of di-

agnosis with MN and only one patient had a glomerular filtra-
tion rate (GFR) <40 mL/min/1.73 m2. The median GFR at
presentation was 89 mL/min/1.73 m2 (range 16–90) and the me-
dian urinary protein:creatinine ratio (uPCR) was 632 mg/mmol
(range 22–2406). In the PLA2R-positive group, the median uPCR
was 963 mg/mmol (range 22–2406) compared with 543 mg/mmol
(range 65–1989) in the PLA2R-negative group (P ¼ 0.18, Mann–
Whitney test).

Pathologic features. LM showed a median of 17 glomeruli per bi-
opsy (range 5–35) and 10% of total glomeruli were globally scle-
rosed with a median of two per biopsy (range 0–7). Interstitial
fibrosis and tubular atrophy were present in 14 cases with a me-
dian of 10% (range 5–60%). Typical ‘holes’ and ‘spikes’ on silver
stain were seen in 12/19 biopsies.

Immunostaining (IP or IF) revealed granular glomerular cap-
illary wall positivity for IgG in all but one patient in whom stain-
ing was not performed. C3, was positive in all 15 cases with
tissue available for staining.

FIGURE 1: Renal biopsy of Case 15 (MN, HIV and HBV): (A) haematoxylin and eosin staining shows thickened glomerular capillary walls; (B) silver staining demonstrates

characteristic spikes and holes along the capillary wall, shown in the inset; (C) IgG staining shows granular staining along the capillary wall; (D) IF for PLA2R shows

granular staining along the capillary walls; (E) EM shows typical EDD in the subepithelial area and (F) THSD7A staining of Case 14 (HIN-MN) shows granular staining

along the capillary walls.
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Three patients with HIV infection showed positive ‘full
house’ IF for IgG, IgA, IgM, C1q, C3, kappa and lambda.
Mesangial EDDs were also noted in these cases, but lupus serol-
ogy was negative.

PLA2R testing with IF was performed in all 19 cases and was
positive in 4/6 HBV-MN, 3/4 HCV-MN and 3/9 HIV-MN cases.
THSD7A was positive in 1/6 HBV-MN and 2/9 HIV-MN cases
(Table 1).

IgG4 staining was performed in 15/19 cases with tissue avail-
able for staining and was positive in 8/9 PLA2R-positive and 2/6
PLA2R-negative cases. IgG4 positivity on biopsy in the PLA2R-
positive and -negative groups was not statistically significantly
different (P ¼ 0.088, Fisher’s exact test).

HbSAg was not detected in any of the HBV-MN renal
biopsies.

EM was performed in all patients and showed features of MN
with subepithelial EDDs. In 12/19 cases, these were mostly
Stage II and the remaining cases showed deposits of all stages I–
IV. Tubuloreticular inclusions were noted in five cases: three
with HBV-MN and two with HCV-MN. Mesangial deposits were
seen in 11 cases.

None of the biopsies demonstrated segmental or global col-
lapse of the glomerular tuft characteristic of HIV-associated
nephropathy.

The renal biopsy findings are illustrated in Figure 1 and de-
tailed in Table 3.

Clinical follow-up and treatment. Follow-up was available for 19
patients. The median follow-up was 32 months (range 6–132).
Complete remission (CR) or partial remission (PR) occurred in
13/19 cases; CR was defined as a uPCR <50 mg/mmol and PR
was defined as a reduction of uPCR by 50% and <300 mg/mmol.
Spontaneous remission occurred in 6/19 cases; 1 with THSD7A-
positive HBV-MN and 5 with HIV-MN, 4 with PLA2R-negative
HIN-MN and 1 with PLA2R-positive HIV-MN. These patients re-
ceived supportive care for nephrotic syndrome with angiotensin
enzyme inhibitors (ACEis), angiotensin receptor blockers (ARBs),
diuretics, cholesterol-lowering agents, anticoagulation and anti-
viral treatment for the viral infection as required.

Immunosuppressive treatment for MN was administered to
11/19 cases, with tacrolimus (n ¼ 10) or rituximab (RTX;n¼ 1) as
the first-line treatment (Table 2). In the tacrolimus group, 6/10
cases achieved remission (Table 4). Three cases did not respond
to or relapsed after discontinuation of tacrolimus and were
treated with RTX (Cases 8 and 9) or with cyclophosphamide
(CyP) and steroids (Case 7) (Table 2). One patient remains under
active monitoring on tacrolimus with a treatment duration of
6 months and a response has not yet been established (Table 2).
The patient treated with RTX as first line achieved remission
(Table 4).

Interestingly, Case 2 with PLA2R-positive HBV-MN was
treated with tacrolimus and developed crescentic transforma-
tion 1 year from the original presentation in the absence of cir-
culating anti-neutrophil cytoplasm antibodies (ANCA) or anti-
glomerular basement (anti-GBM) antibodies. Tacrolimus was
then discontinued and treatment for crescentic GN with CyP
and RTX was administered with a good response.

Anti-PLA2R antibodies were detected in the serum of seven
PLA2R biopsy-positive cases and decreased or disappeared after
treatment with tacrolimus. In cases that relapsed, a return of
the circulating antibody was noted. Case 4, with HBV-MN and
high antibody titre at presentation, was treated with supportive
treatment alone at the patient’s choice and 7 months later pro-
teinuria and antibody titres had markedly decreased, although
the patient remained nephrotic.

Two THSD7A-positive cases had HIV-MN; both achieved re-
mission of nephrotic syndrome, one with supportive treatment
and one with tacrolimus. The third case with THSD7A positivity
had HBV-MN and achieved spontaneous remission with sup-
portive treatment alone (Table 2).

Renal function was preserved in all but two patients who re-
quired dialysis 2 and 11 years from diagnosis of MN (Table 2).
The former (Case 15) with HIV-MN presented late, with signifi-
cant renal dysfunction and atrophy on biopsy, and the latter
(Case 7) with HCV-MN received treatment initially with tacroli-
mus and then with CyP and steroids (Table 2).

The duration of the viral infection was not clear in any of the
patients.

DISCUSSION

MN can be associated with the viral infection; however, the role
of PLA2R in this setting is unclear. The first case of membranous
GN associated with HBV was described in 1971, with a patient
developing MN after transfusion-related HBV infection and de-
tection of the Australian antigen in the immune complexes [13].
Since then, more cases have been described [11, 14]. Recently, in
a large series of Chinese patients with MN and HBV infection, 25
of 39 (64%) patients were found to be PLA2R positive on renal bi-
opsies and the PLA2R co-localized with HbSAg along the capil-
lary walls [5]. Other studies have found a smaller proportion of

FIGURE 2: Serum anti-PLA2R antibody levels in seven PLA2R-positive patients at

the time of biopsy and 3-, 6- and 12-months post-biopsy. The increase in anti-

body titre in Case 9 occurred at the time of relapse.

Table 4. Response to treatment in relation to viral infection and anti-
body status based on biopsy staining

Virology MN antibody Treatment Outcome

HBV PLA2R Tacrolimus CR
HBV Neg Tacrolimus CR
HBV PLA2R Tacrolimus CR
HBV PLA2R Tacrolimus PR
HCV Neg Tacrolimus CR
HCV PLA2R Tacrolimus Relapse/HD
HCV PLA2R Tacrolimus Relapse
HCV PLA2R Tacrolimus NR
HIV THSD7A Tacrolimus CR
HIVþHBV PLA2R Tacrolimus NA
HIV PLA2R RTX CR

HD: haemodialysis; NR: no response; NA: not available.

MN with viral infection | 881



PLA2R positivity [23], and HBV antigens are not always found in
renal biopsies [15].

In our cohort, 6/19 cases had HBV-MN and 4 were PLA2R pos-
itive on biopsy with detectable circulating anti-PLA2R antibody
in 3/4 cases tested. The presence of PLA2R suggests primary
MN, and although the coexistence of viral infection could be a
coincidence, it is difficult to ignore the possibility of the viral in-
fection acting as a trigger for the production of anti-PLA2R anti-
bodies. The histopathological findings in some cases in our
series extended beyond the typical positivity for IgG, C3 and
subepithelial EDDs. Interestingly, mesangial deposits were seen
in 11 cases and 8 of these were PLA2R positive. Although typi-
cally mesangial deposits are seen in lupus MN, there was no
clinical or serological evidence of lupus in these cases.

One patient with PLA2R-positive HBV-MN (Case 2) developed
crescentic transformation on biopsy almost 2 years from the
original diagnosis. This patient initially presented with ne-
phrotic syndrome, a high HBV viral load and elevated anti-
PLA2R titres. Despite treatment with entecavir and suppression
of the viral load, the anti-PLA2R titre remained high and treat-
ment with tacrolimus was commenced. Although there was an
initial response to tacrolimus with an improvement of protein-
uria, renal function deteriorated and a renal biopsy showed
crescents in the absence of circulating ANCA or anti-GBM anti-
body. The patient was subsequently treated with steroids, RTX
and CyP with good results. RTX has been proven to be safe in
HBV-associated MN once the viral load has been controlled [15];
however, it is unclear what triggered this crescentic transforma-
tion at the time the HBV viral load was undetectable and the pa-
tient was established on anti-HBV therapy.

In the hepatitis C cohort, we found no evidence of the prolif-
erative changes usually associated with HCV nephritis but the
typical ‘spikes’ and ‘holes’ of the capillary walls found in MN.
Two of the three PLA2R-positive HCV-MN cases were previously
treated with interferon, which raises the question about the po-
tential link between interferon and PLA2R positivity. Our cases
are consistent with the theory that interferon triggers an immu-
nological response leading to PLA2R-positive MN [24, 25]. One of
these cases also had tubuloreticular inclusions on biopsy and
the other had mesangial deposits. The two cases that spontane-
ously cleared the virus had a mixture of deposits, including the
typical subepithelial deposits seen in MN, suggesting immune
complex deposition during the active HCV infection. In our co-
hort, 3/4 cases with HCV-MN were PLA2R positive on biopsy
with circulating anti-PLA2R antibodies detected in 2/3 cases
tested. Hepatitis C-associated MN has been described as PLA2R
positive in 24% of HCV-MN cases in a recent study [19], which
suggested a possible immunological trigger during the viral in-
fection that leads to autoimmunity, although it is impossible to
rule out a coincidence.

MN has been described in the context of HIV; however, to
our knowledge, no reports of PLA2R-positive HIV-related MN are
available. Here we present three cases with PLA2R-positive HIV-
MN and two with THSD7A-positive HIV-MN. The first PLA2R-
positive case had been on highly active antiretroviral treatment
with undetectable viral load at the time of presentation with ne-
phrotic syndrome and went into spontaneous remission with
ACEi/ARB therapy. The second case presented with nephrotic
syndrome, preserved renal function and detectable circulating
anti-PLA2R antibodies. Biopsy showed a ‘full house’ IF pattern,
suggesting a possible lupus-like GN; however, there was no clin-
ical or serological evidence of lupus and the patient was treated
with RTX with good results. Little is known about lupus-like GN
in the context of HIV, but it is recognized that HIV infection is

associated with polyclonal B-cell activation, potentially explain-
ing the positivity for PLA2R antibodies found in our cases.
Although circulating immune complexes are seen in patients
infected with HIV, it is believed that in MN, the immune com-
plexes are formed in situ at the podocyte, suggesting a different
mechanism of disease in HIV-MN than in the lupus-like GN of
HIV. The full house IF in some HIV cases has been described
previously [26], and we report three cases with full house IF in
our cohort. It is recognized that the HIV viral load can correlate
negatively with renal function in cases of HIV-associated ne-
phropathy and one study failed to show a significant effect of
antiretroviral therapy on renal survival in HIV-infected patients
[27]. In our cohort, however, all but one patient had well-con-
trolled HIV with undetectable viral load at the time of presenta-
tion, suggesting a different mechanism of disease. The third
patient with HIV and PLA2R positivity had HIV–HBV coinfection
and presented with nephrotic syndrome and a high serum anti-
PLA2R antibody titre on a background of prostatic cancer and
undetectable viral load for both HIV and HBV. The presence of
malignancy in the background possibly argues towards a ‘sec-
ondary’ MN. However, it is difficult to determine with certainty
if the PLA2R-positive HIV-MN in the setting of both malignancy
and viral infection is in fact primary or secondary to any of the
underlying conditions or a chance occurrence.

The significance of THSD7A positivity in the three cases in
our cohort is not fully understood. THSD7A is thought to be
more common in cases of MN associated with malignancy [9],
although the overall incidence is still unclear. In our series, 3/19
(15%) cases with viral MN were THSD7A positive, and this inci-
dence is higher than described; it is possible that the THSD7A-
positive MN is more common in the context of a viral infection,
and this should be investigated. The viral infection could act as
an immunological stimulus for the production of anti-THSD7A
antibodies in these cases of MN, just like in PLA2R-related MN.
Two of the THSD7A-positive cases had HIV-MN; both achieved
remission of nephrotic syndrome: one with supportive treat-
ment and one with tacrolimus. The third case with THSD7A
positivity had HBV-MN and achieved spontaneous remission
with supportive treatment alone.

Spontaneous remission was more likely in the HIV-MN anti-
body-negative group. Of the 6/19 patients that achieved sponta-
neous remission within 1 year from diagnosis 4 (67%) where
HIV-MN antibody negative, one was HIV-MN, PLA2R positive
and one was HBV-MN, THSD7A positive. Of the patients that re-
ceived treatment with tacrolimus or RTX (n¼ 11), response to
treatment (CR or PR) was observed in 64% (n¼ 7) of cases (4 HBV-
MN, 1 HCV-MN and 2 HIV-MN; Table 4). Serum anti-PLA2R anti-
bodies decreased or disappeared in the cases that went into re-
mission and returned in cases that relapsed. Antiviral therapy
with tenofovir or entecavir was administered to patients with
HBcAb positivity to prevent reactivation while on immunosup-
pression and this was tolerated well with no side effects.

In conclusion, we present a cohort of 19 patients with MN
and viral infection with HBV, HCV and HIV, 10 cases with anti-
PLA2R positivity and 3 with anti-THSD7A positivity. We present
the first patients with HIV and PLA2R or THSD7A positivity on
biopsy. Spontaneous remission was common in the HIV-MN an-
tibody group and 31% of patients in our cohort achieved remis-
sion with supportive treatment alone. It is likely that the
presence of PLA2R or THSD7A is associated with an immunolog-
ical trigger related to the viral infection; however, the develop-
ment of MN in these cases could be a coincidence and it is
difficult to determine whether MN in this setting is primary or
secondary. These results provide a valuable addition to our
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knowledge of PLA2R and THSD7A associated MN, but further re-
search is needed to clarify the role of these antibodies in the set-
ting of viral infection and MN.
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