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Abstract: Glomeruli can be damaged in several conditions after kidney transplantation, with a potential impact on the graft function
and survival. Primary glomerulonephritis, a group of glomerular immunological damage that results in variable histological patterns
and clinical phenotypes, can occur in kidney transplant recipients as a recurrent or de novo condition. Specific immunologic conditions
associated with kidney transplantation, such as acute rejection episodes, can act as an additional trigger after transplantation, impacting
the incidence of these glomerulopathies. The post-transplant GN recurrence ranges from 3% to 15%, varying according to the GN
subtype and post-transplant time, mainly occurring after 3—5 years of kidney transplantation. Advances in the knowledge of
glomerulonephritis pathophysiology have provided new approaches to pre-transplant risk evaluation and post-transplant monitoring.
Glomeruli can be affected by several systemic viral infections, such as human immunodeficiency virus (HIV), hepatitis C virus (HCV),
hepatitis B virus (HBV), severe acute respiratory syndrome coronavirus 2 (SARS-COV-2), cytomegalovirus (CMV), and BK virus.
The diagnosis of these infections, as well as the identification of possible complications associated with them, are important to
minimize the negative impacts of these conditions on kidney transplant recipients’ outcomes.
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Introduction

Glomeruli can be damaged in several conditions after kidney transplantation, such as recurrent or de novo glomerulo-
pathies and viral infections. Primary glomerulonephritis (GN) is a group of glomerular immunological damage that
results in variable histological patterns and clinical phenotypes.! GN comprises one of the leading etiologies of chronic
kidney disease (CKD) worldwide, varying according to geographic and demographic characteristics and kidney biopsy
indications. GN frequently causes end-stage kidney disease (ESKD), and its occurrence after transplantation is
a significant cause of graft failure. The post-transplant GN recurrence ranges from 3% to 15%, varying according to
the GN subtype and post-transplant time, mainly occurring after 3—5 years of kidney transplantation.! The clinical
manifestations and the histological characteristics of GN post-transplant are influenced by histologic changes secondary
to the donor’s comorbidities, immunosuppressive and nephrotoxic drugs, and previous episodes of acute or chronic graft
rejections. Therefore, all this information is essential for establishing the correct diagnosis and prognostic evaluation of
the graft in case of post-transplant GN suspicion.

Individuals who have undergone a kidney transplant and are receiving immunosuppressive therapy can be more
vulnerable to viral infections and their effects on various organs. The glomerular cells can be affected by several systemic
viral infections.” Histological evidence of glomerular disease has been described in several viral infections, such as human
immunodeficiency virus (HIV), hepatitis C virus (HCV), hepatitis B virus (HBV), severe acute respiratory syndrome
coronavirus 2 (SARS-COV-2), cytomegalovirus (CMV), and BK virus.>* This paper reviews the challenges and solutions
regarding screening, monitoring, and treating post-transplant glomerulonephritis. These points are summarized in Table 1.
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Table | General Characteristics, Challenges, and Solutions of Post-Transplant Glomerulonephritis

Glomerulopathy

Challenges

Solutions

IgA Nephropathy (IgAN)

Recurrence: 8-53%
Risk factors for recurrence:

- Living donors, younger recipients, steroid-
avoidance immunosuppression, absence of
induction therapy.

Presentation of recurrence:
- Graft dysfunction
- Absence of hematuria at diagnosis is

frequent

Screening and monitoring:

- Creatinine,  albuminuria,  proteinuria,
hematuria

- Biomarkers: IgA, IgA-IgG, IgA-soluble
CD89

- Once in the first month, every 3 months in
the first year, then annually
Treatment:
- ACEi, ARB, steroids

Membranous Nephropathy (MN)

Recurrence: up to 40%
Risk factors for recurrence:
- High levels of proteinuria, detected anti-
PLA2R before transplantation.
Presentation of recurrence:
- Proteinuria, graft dysfunction
- Association of de novo MN with acute

antibody-mediated rejection

Screening and monitoring:
- Creatinine, albuminuria, proteinuria
- Biomarker: anti-PLA2R
- Once in the first month, every 3 months in
the first year, then annually
Treatment:
- ACEi, ARB, rituximab
- ldentifying and treating underlying triggers
on the secondary forms

Focal Segmental Glomerulosclerosis
(FSGS)

Recurrence: 4-66%
Risk factors for recurrence:

- Younger age at transplantation, higher
level of proteinuria before transplanta-
tion, related donor, nephrectomy of native
kidneys, recurrence in a previous allograft,
hypoalbuminemia at presentation, absence
of family history of FSGS.

Presentation of recurrence:

- Proteinuria

Screening and monitoring:
- Genetic testing, creatinine, albuminuria,
proteinuria
- biomarker: suPAR, CLC-I, AT IR-Ab, anti-
CDA40, IL-13
- Before transplantation, daily for
I week, weekly for 4 weeks, every
3 months for | year, then annually
Treatment:
- Plasmapheresis
- ACEi, ARB, rituximab
- ldentifying and treating underlying triggers
on the secondary forms

Immune complex and complement-
mediated membranoproliferative

glomerulonephritis (MPGN)

Recurrence: 27% to 65%
Risk factors for recurrence:

- Living-related donors, younger age at
MPGN diagnosis, low serum C3 levels,
higher
proteinuria

Presentation at recurrence:

- Hematuria and proteinuria

- Higher recurrence rate in the comple-
ment-mediated MPGN

Screening and monitoring:
- Proteinuria, hematuria, serum comple-
ment levels
- Once in the first month, every
3 months in the first year, then annually
Treatment:
- Therapeutic strategies targeting the com-
ponents of the complement pathways

- lIdentification and treatment of the under-

lying triggers

Viral glomerulopathies

Immunosuppressive therapy increases the risk of

viral infections and its complications

- Pre-transplant treatment of chronic viral
infections
- Monitoring and treating post-transplant

viral infections

Abbreviations: Anti-PLA2R, antibody against M-type phospholipase A2 receptor; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers;
suPAR, serum urokinase plasminogen activator receptor; CLC-1, cardiotrophin-like cytokine-I; AT IR-Ab, anti-angiotensin Il type | receptors; IL-13, interleukin-13.
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IgA Nephropathy

IgA nephropathy (IgAN) is the most prevalent GN globally. It can progress to ESKD at around 10% in 10 years and 20%
in 20 years.>® Genetically predisposed individuals produce galactose deficient IgA (GD-IgA) by mucosa after some
stimulus, such as bacterial infection. This GD-IgA elicits auto-antibodies IgG or IgA production, leading to circulating
immune complexes and deposition in the glomerular mesangium. This, in turn, activates an inflammatory response and
causes tissue damage.® The immune complexes increase the complement activation, mainly the alternative and lectin
pathways.” Although some studies have shown an association between mesangial C3 deposits and a worse prognosis, the
data available in the literature are conflicting. The mesangial C1q deposition has been associated with treatment failure in
native IgAN and IgAN recurrence, suggesting a possible role of classical pathway activation in this process.” The clinical
presentations of IgAN range from hematuria during upper respiratory or gastrointestinal infections to proteinuria,
hypertension, and acute kidney dysfunction.” IgAN is confirmed by kidney biopsy, showing the presence of mesangial
expansion and hypercellularity in light microscopy and a predominant IgA deposit pattern in the mesangium, associated
or not with IgG or IgM on the immunofluorescence assay. The current modified Oxford MEST-C classification is
recommended to estimate IgAN prognosis in native kidneys according to the evaluation of mesangial hypercellularity
(M), endocapillary hypercellularity (E), segmental glomerulosclerosis (S), tubulointerstitial fibrosis (T), and crescentic
lesions (C).** The MEST-C histological score and clinical variables measured at the time of kidney biopsy were
incorporated into an International IgAN Prediction Tool, available as an online calculator to quantify the risk of
progression and discuss outcomes with patients.'”

The recurrence of IgAN after transplantation can range from 8—53% depending on the indications of graft biopsy and the
length of follow-up.>” Several risk factors for [gAN recurrence have been identified, such as kidney recipients from a living
donor, younger recipients, steroid-avoidance immunosuppressive therapy, and non-use of induction therapy.'*> Preemptive
transplants and the presence of DSA at the time of transplantation were also associated with the recurrence of IgA deposits
in previous studies.'' Hematuria is absent in 64% of patients with IgAN recurrence, and most patients with IgAN detected
in protocol biopsies do not show clinical signs of recurrence.” A diagnosis of IgAN recurrence is based on histological
evidence of IgA deposition in a recipient with biopsy-proven IgAN in their native kidneys.> Although protocol biopsies
have shown up to 60% IgAN recurrence in previous studies, routine graft biopsy in patients without signs of recurrence is
not helpful in the treatment or prognosis evaluation.” A previous retrospective study by our group showed an association
between younger age at native IgAN diagnosis and absence of prior induction of immunosuppression with IgAN
recurrence, with a high prevalence of mesangial hypercellularity at recurrence.'® Other previous studies showed that
a higher MEST-C score and a lower estimated glomerular filtration rate at the time of biopsy were associated with poor
prognosis in patients with IgAN recurrence.'> Some biomarkers for the prediction of post-transplant IgAN recurrence have
been studied, such as IgA and IgA-complexes (IgA-IgG and IgA-soluble CD89), galactose-deficient IgA1 (Gd-IgAl), and
anti-Gd-IgA1 autoantibodies, although its clinical application is not entirely known.'* Graft dysfunction related to
recurrence is rare before three years of follow-up.'> After that, the recurrence becomes clinically relevant, reaching 10—
15% of recurrence-related graft dysfunction at five years.'” A study by Moroni et al showed a death-censored graft survival
at 15 years 10% lower in IgAN recipients compared with non-diabetic controls.'®

There is no effective therapy for preventing recurrent [gAN, and current treatment recommendations are based on
native kidney disease.'*'” Previous studies showed a reduction in recurrence risk in cases of induction of immunosup-
pression with antithymocyte globulin compared to interleukin-2 receptor antagonist.17 There is no preferable mainte-
nance immunosuppressive therapy to avoid IgAN recurrence. The optimal strategy to treat recurrence remains under
study.! The current recommendation in cases of recurrence includes nonpharmacologic supportive care, anti-
hypertensive drugs, antiproteinuric therapy, and immunosuppressive agents.® Blood pressure may be controlled to
achieve a systolic blood pressure of 120-130 mmHg, with a blood pressure threshold of 130/80 in patients with
proteinuria < 1g/d and 125/75 in patients with proteinuria >1g/d.>"'* Sustained proteinuria is the main predictor of long-
term kidney outcomes, and reducing proteinuria was independently associated with improved kidney outcomes in
previous studies.'® The renin-angiotensin system (RAS) blockade improves kidney outcomes in native IgAN.
However, the combined use of angiotensin-converting enzyme inhibitors (ACEi) and angiotensin receptor blockers
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(ARB) is not usually indicated. There is limited data on the benefit of routine use of ACEi or ARB in the IgAN
recurrence, but these drugs can be considered in the case of proteinuria.'” Sodium-glucose cotransporter-2 (SGLT-2)
inhibitors are indicated for native I[gAN with proteinuria or impaired renal function, and their use can be considered in
cases of post-transplant recurrence.'® Several glucocorticoid regimens were proposed in clinical for patients presenting
proteinuria higher than 0.75—1 g/day despite optimized supportive care.'® However, the clinical benefit of glucocorticoids
in IgAN has not been established.'® Patients with biopsy-proven recurrence and rapidly rising serum creatinine or
nephrotic-range proteinuria despite the use of ACEIs or ARBs may be treated with high-dose glucocorticoids (prednisone
1 mg/kg/day) for eight weeks, followed by a taper to low doses commonly used to prevent rejection. Treatment with
cyclophosphamide is not recommended in IgAN unless in the setting of rapidly progressive disease.'® An oral target-
release formulation of budesonide has been approved for treating IgAN in native kidneys, reducing proteinuria with

lower systemic side effects. However, a similar benefit was not observed in cases of IgAN recurrence.'®

Membranous Nephropathy
Membranous nephropathy (MN) is characterized by the thickening of the glomerular capillary walls and projections of
the glomerular basement membrane between deposits, with complement components C3 and C4 often present.'® It affects
patients of all ages and ethnicities and is present in about 20% of nephrotic syndrome cases in adults.'® MN is divided
into primary or idiopathic MN and secondary MN. Primary MN is an autoimmune disease, with the production of
autoantibodies against antigens located in the kidney. The M-type phospholipase A2 receptor (PLA2R) is the major target
antigen identified in primary MN, eliciting autoantibody production, mainly IgG4.® Soluble phospholipase A2 is
considered a potent pro-inflammatory enzyme.”’ PLA2R exerts an anti-inflammatory activity and regulates cellular
senescence throughout the production of reactive oxygen species and activation of DNA-damage pathways.?' The second
most frequent autoantigen involved in the MN pathogenesis is the thrombospondin type-1 domain-containing 7A
(THSD7A), responsible for 5-10% of idiopathic MN cases.'” PLA2R and THSD7A are present in podocytes and
colocalized within subepithelial deposits with IgG4."> Secondary MN can occur in association with other clinical
disorders, such as hepatitis virus B infection, systemic lupus erythematosus, cancer, and drugs. In the secondary MN,
non-podocyte antigens are mainly responsible, with the participation of non-IgG4 autoantibodies subclasses and Clq
deposits.'” In native kidneys, the clinical course of MN can vary, with 30% to 40% of cases experiencing spontaneous
remission and 30% to 40% progressing to ESKD within ten years of diagnosis.”> A high level of anti-PLA2R antibodies
is associated with a lower rate of spontaneous remission and a higher incidence of nephrotic syndrome and ESKD.*
Post-transplant MN can be a recurrent or de novo disease. MN is the glomerulopathy that recurs most frequently post-
transplantation, affecting up to 40% of recipients.'” Patients with high levels of proteinuria and detected anti-PLA2R
antibodies before transplantation are at a higher risk of recurrence.?** Circulating autoantibodies can be absent at the
time of transplant and reemerge after transplantation because of the reduction of immunosuppression or second hits such
as infections.?® The post-transplant rise of anti-PLA2R may also help identify the possibility of MN recurrence and may
be associated with disease progression and resistance to treatment.'*?’ The diagnostic and prognostic application of
measuring other autoantibodies, such as THSD7A or glomerular staining of PLA2R, is still undetermined.'* The post-
transplant surveillance measurement of proteinuria or albuminuria is recommended to identify the recurrence early,
especially among patients with a high risk of recurrence.?* Proteinuria should be evaluated monthly for at least the
first year post-transplant in cases of MN not associated with anti-PLA2R antibodies, and graft biopsy is indicated in cases
of proteinuria higher than 1 g/d.'® For patients with PLA2R-associated MN, regular measurement of anti-PLA2R
antibodies is recommended in the first 6-12 months.'® When recurrent MN is associated with PLA2R antibodies, it
usually has a lower likelihood of spontaneous remission and requires adjuvant immunosuppressive therapy earlier.?’
Previous studies have shown that higher tacrolimus exposure before MN recurrence was associated with spontaneous
remission, suggesting that maintenance immunosuppressive therapy may impact the clinical course of the disease.?’
About 20% of post-transplant MN cases are de novo disease associated with infection, malignancy, renal infarction,
ureteral obstruction, toxicity, or antivascular endothelial growth factor therapy.’® Previous studies also suggested
a possible triggering role of antibody-mediated rejection episodes on de novo MN development.zgf31 The impact of
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MN recurrence on graft survival is variable among previous studies, with progression to graft loss ranging from 45% to
65% within six years of follow-up after diagnosis.*’

The damage caused by the immune system can disrupt the glomerular filtration barrier, leading to proteinuria in
varying degrees.”’ The treatment goals for recurrent idiopathic MN are to control symptoms and prevent the progression
of podocyte injury."* The nonspecific treatment of MN includes dietary sodium restriction, dietary protein intake
reduction, blood pressure control, and antiproteinuric therapy with ACEi and ARB.** Although SGLT-2 inhibitors
have been shown to decrease the risk of CKD progression, their use on patients with nephrotic syndrome and/or
immunosuppressed is lacking.>' Anti-CD20 antibodies have been used to treat MN in native kidneys and its recurrence
after transplantation, with remission in up to 80% of patients with recurrent disease.'* However, the criteria for starting
treatment with anti-B cell therapy and the frequency and dose recommended remain under discussion.'* For native MN,
patients with mild to moderate disease usually undergo spontaneous remission, and immunosuppressive therapy should
be reserved for those who are at the highest risk for developing progressive kidney failure.** In patients with native MN
presenting proteinuria less than 3 g/d, serum albumin higher than 30 g/l, and eGFR higher than 60 mL/min/1.73m?
immunosuppressive therapy is not required.'® However, post-transplant MN recurrence usually progresses even in
patients with a small amount of proteinuria, and early treatment may be considered.'* There is insufficient data to
support a preemptive treatment with rituximab.'® In cases of proteinuria over 1g/day, treatment of recurrent MN with

rituximab may be helpful, but its effectiveness in cases of lower proteinuria remains unknown.'®*’

Focal Segmental Glomerulosclerosis
Focal segmental glomerulosclerosis (FSGS) is a type of kidney injury primarily affecting the podocyte. It is characterized
by the deposition of extracellular matrix, which leads to the obliteration of a portion of the glomerular tuft in some
glomeruli.**>* FSGS can occur at any age, and it is present in approximately 20% to 30% of adults with nephrotic
syndrome, more frequent in male and black patients.** FSGS can be classified into primary, genetic, or secondary forms,
including maladaptive, virus-associated, and drug-induced FSGS.**-** Primary FSGS is an immunological disease caused
by serum molecules known as circulating factors, which selectively target and damage the glomerular barrier, especially
podocytes.**** Several factors have been considered as biomarkers of podocyte injury because of their ability to induce
podocyte cytoskeleton reorganization in vitro and induce albuminuria in animal model studies. Some of these biomarkers
include serum urokinase plasminogen activator receptor (suPAR), urine apolipoprotein A-1b, cardiotrophin-like cyto-
kine-1 (CLC-1), anti-angiotensin II type 1 receptors (AT1R-Ab), anti-CD40, and interleukin-13.>> Genetic FSGS is
associated with gene mutations in podocyte development and structural protein-encoding.*® In all FSGS forms, injured
podocytes are detached from the basement membrane, leaving it uncovered and allowing the interaction of capillary
loops and parietal epithelial cells. The remaining podocytes suffer hypertrophy, and intracapillary hypertension results in
changes in podocyte, endothelial, and mesangial cells, with progressive focal and segmental sclerosis.** Spontaneous
remission is rare in primary FGSG, occurring in about 5% of the cases.”® About 40-70% of patients with FSGS course
with ESKD despite treatment within 10 to 20 years after diagnosis.*®

FSGS can recur or occur de novo after kidney transplantation, and it may be primary or secondary to hyperfiltration,
drugs, or infection.** The FSGS form’s accurate distinction is essential in pre-transplant evaluation patients.>’ Genetic
forms of FSGS, with podocin or structural podocyte protein mutations, have shown a significantly lower recurrence rate
after transplantation.'>* Therefore, genetic testing may provide valuable information for patients with FSGS who plan to
undergo a kidney transplant.'® The reported FSGS recurrence rate after transplantation ranges from 4 to 66%, varying
according to the population and study design.***® Some risk factors for recurrence have been described, such as younger
age at transplantation, higher level of proteinuria before kidney transplantation, related donor, nephrectomy of native
kidneys, a history of recurrence in a previous allograft, severe hypoalbuminemia at presentation, and the absence of
a positive family history of FSGS.***¢ Idiopathic FSGS can recur any time after transplantation, but it is more frequent
early after transplantation.'” The recurrence of FGSG usually occurs in the first days after transplantation, suggesting the
presence of a circulating factor against podocytes. Some initiatives have been developed to predict the risk for FSGS
recurrence, such as a panel of circulating autoantibodies related to the disease, but in most cases, it remains
unpredictable.®>> The circulating biomarkers of podocyte injury or permeability factors can be presented high before or
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after transplantation and may predict those at risk of recurrence.'* FSGS recurrence is most common in the first two years
post-transplant, and patients with recurrent FSGS progress to graft failure more quickly.***® The recurrence usually
courses with proteinuria, commonly heavy.'” The time to the disappearance of native proteinuria post-transplant is
variable, and interpreting the post-transplant proteinuria requires knowledge of the pretransplant values.'” Proteinuria
screening may be done early post-transplant to detect potential recurrent cases.'’ The FSGS recurrence negatively
impacts graft survival, with a graft loss rate approximately three times higher among patients with recurrence than those
who do not recur.** A previous multicenter international study showed a graft loss rate of 39% among recipients with
FSGS recurrence post-transplant.®’

The treatment strategies in cases of FSGS recurrence focus on removing pathogenic circulating factors and anti-B cell
therapy.'* Although the benefit of prophylactic plasmapheresis remains controversial, therapeutic plasmapheresis is
considered the first line of treatment in recurrent FSGS.>**” A multicenter study showed a complete remission of
recurrent FSGS in 57% of cases treated with plasmapheresis with or without rituximab.>” The number of plasma-
exchange treatments required to reduce proteinuria in cases of FSGS recurrence remains unclear.'” In cases of non-
response to the plasma-exchange treatment or non-nephrotic proteinuria, treatment with ACEi or ARB may be
beneficial.'” The efficacy of adjunctive therapy with rituximab and calcineurin inhibitor (CNI) remains unclear.'
Cyclosporine is considered helpful in patients with FSGS since it is thought to act directly on podocyte cytoskeleton
stabilization and is a potent vasoconstrictor, reducing albuminuria.>> The efficacy of tacrolimus in case of FSGS
recurrence, in turn, is unclear.”> For patients already receiving a calcineurin inhibitor drug for maintenance immunosup-
pression who develop FSGS recurrence, it is not recommended to change to an alternative CNL.' However, patients
receiving a mammalian target of rapamycin (mTOR) inhibitor may benefit from the change for a CNI drug.'

Immune Complex and Complement-Mediated Membranoproliferative

Glomerulonephritis

Membranoproliferative glomerulonephritis (MPGN) is characterized by glomerular injury, mesangial hypercellularity,
endocapillary proliferation, and capillary wall remodeling with double-contours.*® There are two forms of idiopathic
MPGN based on pathogenesis: immune complex-mediated MPGN and MPGN associated with dysregulation of the
alternative complement pathway.*® Immune complex-mediated MPGN is caused by the deposition of immune complexes
in the glomeruli, triggering an activation of the classical pathway of complement and the deposition of factors of the
classical and terminal complement pathways along the capillary wall.*® Several factors, such as chronic virus B or
C infections, systemic lupus erythematosus, Sjogren syndrome, rheumatoid arthritis, mixed connective-tissue disorders,
and monoclonal gammopathy, can trigger this.*® MPGN associated with dysregulation of the alternative pathway, on the
other hand, can result from mutations or autoantibodies directed against complement-regulating proteins.>® The dysre-
gulation of the alternative pathway results in activated complement products, which deposit in the mesangium and
subendothelial regions, causing inflammation.*® Cases of MPGN due to dysregulation of the alternative pathway are
characterized by a proliferative histologic lesion with C3 deposition at least two orders of magnitude greater than any
other immune reactant on immunofluorescence.'® This condition may be subdivided into dense-deposit disease (DDD)
and C3 glomerulonephritis (C3GN).>® The DDD is characterized by electron-dense deposits on the glomerular basement
and mesangium. In contrast, on the C3GN, its deposits are in mesangial, subendothelial, subepithelial, and intramem-
branous spaces.*® Patients with MPGN usually present proteinuria, dysmorphic hematuria, and hypertension, with
variable progressive decline in renal function. Persistently decreased serum levels of complement factors are commonly
seen in patients with MPGN. In the immune complex-mediated MPGN, low C3 and C4 are usually present, while a low
C3 with normal C4 pattern is common in the alternative-pathway dysfunction cases.*® Patients with chronic infections,
autoimmune diseases, or monoclonal gammopathies should be treated for underlying conditions.*® The best treatment of
complement-mediated MPGN remains under investigation. Immunosuppressive therapy with glucocorticoids or ritux-
imab or treatment with inhibitors of the membrane-attack complex formation, such as eculizumab, have been used in
complement-mediated MPGN cases. Patients with MPGN due to a deficiency of complement-regulating proteins might

benefit from plasma or factor H infusions.*®
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The suspicion of MPGN recurrence occurs in recipients with MPGN as the primary cause of ESKD who present
a new onset of proteinuria, hematuria, and impaired graft function during the follow-up. The rate of MPGN recurrence
ranges from 27% to 65%, varying according to the underlying cause.”®>° A retrospective study by our group, including
recipients of kidney transplantation with CKD secondary to MPGN, showed a recurrence rate of 25%, most recipients of
kidneys from living donors, like that observed in other studies.*® The MPGN recurrence rate is higher among patients
with complement-mediated MPGN than immune complex-mediated MPGN.*' The recurrence rate of DDD is high,
reaching 100% in some studies, with a 5-year rate of graft failure of 50%.%° Data on the C3GN recurrence rate are
scarce.® The MPGN recurrence is associated with poor allograft outcome, mainly in cases of complement-mediated
disease.>® A previous multicentric retrospective cohort study including 34 complement-mediated and 186 cases of
immune complex-mediated MPGN found a recurrence rate of 25%.*' Of the recurrent cases, 61% experienced graft
loss. Early recurrence, low estimated glomerular filtration rate, and hypoalbuminemia were considered the main
determinants of no remission.

Pre-transplant evaluation of the MPGN cases is essential since treatment of underlying causes can prevent post-
transplant recurrence in some cases.>” There is no preferable immunosuppressive therapy for preventing MPGN
recurrence.’” Patients with MPGN recurrence presenting stable renal function and mild proteinuria may receive treatment
with ACEi or ARB. In cases of proteinuria 1.5-3.5 g/day, therapy with high-dose steroids (prednisone 1 mg/kg) for 16
weeks is indicated, followed by a taper over several weeks. Several MPGN recurrent cases with rapidly declining graft
function, proteinuria > 3.5g/day, or presence of crescentic disease, treatment with plasmapheresis, pulse intravenous
methylprednisolone, and cyclophosphamide can be considered. Treatment of C3 glomerulopathy in kidney transplant
recipients with a combination of steroids and mycophenolate mofetil seems to be less effective than the observed among
native kidney disease.*' A case series including patients with C3 glomerulopathy showed that the currently available
therapies with rituximab and eculizumab had limited success in treating disease recurrence.*” Some new therapeutic
strategies for patients presenting C3 glomerulopathy recurrence are under study. For cases of immune complex-mediated
MPGN with the identification of the underlying trigger, the most effective therapy is to treat the primary disease.'® For
patients with idiopathic immune complex-mediated MPGN presenting proteinuria less than 3.5 g/d, absence of nephrotic
syndrome, and normal estimated glomerular filtration, the treatment involves supportive therapy with renin-angiotensin-
aldosterone system inhibition.'® For patients with idiopathic immune complex-mediated MPGN presenting abnormal
kidney function and active urine sediment, treatment with high-dose steroids can be considered.'’

Viral Glomerulopathies

The glomeruli can suffer damage during an HIV infection through several processes, including glomerular and tubular
epithelial cell infection, immune complex-mediated injury, thrombotic microangiopathy, and nephrotoxicity secondary to
antiretroviral therapy.” Previous studies showed that HIV can infect kidney allograft cells even in patients with
undetectable viral loads and receiving antiretroviral therapy.*> The immune complex-mediated glomerulopathy is the
lead form in patients receiving antiretroviral therapy.® It results from the association of immunoglobulins and viral
antigens with their deposition on subendothelial, subepithelial, intramembranous, or mesangial spaces. Patients with this
form of HIV-associated glomerulopathy can course with proteinuria, hematuria, or acute kidney injury. The treatment of
immune-complex-associated glomerulopathy includes renin-angiotensin-aldosterone system (RAAS) blockage, and anti-
retroviral therapy is usually ineffective in slowing progression to ESKD.” HIV-associated nephropathy (HIVAN), in turn,
is caused by infection of epithelial cells and is characterized by collapsing focal segmental glomerulosclerosis and
proliferation of glomerular epithelial cells, typically occurring in patients with low CD4 cell counts. Patients with this
form of glomerulopathy usually present nephrotic proteinuria, and the RAAS blockade is indicated.

Recipients of a kidney transplant can present clinical complications associated with HCV or HBV infection due to de
novo infections or chronic disease. Chronic infection with HCV and HBV can lead to glomerular disease through the
production and deposition of immune complexes in the glomerulus and podocyte dysregulation.** Chronic HCV infection
usually causes mixed cryoglobulinemia, a pattern of polyclonal IgG and monoclonal IgM, which can cause
a cryoglobulinemic glomerulonephritis.** HCV infection can course with other glomerular diseases, like non-
cryoglobulinemic MPGN, MN, FSGS, IgAN, and polyarteritis nodosa (PAN), and these glomerulopathies can also

International Journal of Nephrology and Renovascular Disease 2024:17 https: 87
Dove:


https://www.dovepress.com
https://www.dovepress.com

de Sousa Dove

occur in kidney allografts. The most frequent glomerulopathies associated with chronic HBV infection are MN, MPGN,
and PAN.** Advances in therapy for HCV and HBV have created opportunities for effective treatment of these patients
before the kidney transplantation of patients without advanced liver disease.*> For patients with advanced liver disease,
a simultaneous kidney-liver disease can be considered.*> Before the direct-acting antiviral (DAA) agents, HCV was
associated with lower graft and patient survival after kidney transplantation.** Nowadays, patients receiving hemodialysis
should be treated with DAA before transplantation, and this treatment is safe for kidney transplant recipients.**
Treatment with DAA is recommended for the treatment of patients with HCV-associated glomerulopathy, with additional
treatment with immunosuppressive drugs in case of nephrotic syndrome or rapidly progressive kidney failure.”> All
kidney transplant candidates with HBsAg positive should be treated before transplantation to maintain undetectable HBV
DNA and avoid complications associated with the disease before transplantation.** It is recommended that patients with
HBV-associated glomerulopathy be treated with a nucleoside/nucleotide analog drug.?

The SARS-CoV-2 is the etiologic agent of the coronavirus disease 2019 (COVID-19) pandemic, which negatively
impacted the survival of kidney transplant recipients, especially those who had presented acute kidney injury (AKI).*
SARS-CoV-2 can cause AKI through cellular toxicity, complement activation, immune dysregulation, and
coagulopathy.*’ Previous studies from patients with COVID-19 who had their kidneys biopsied showed that collapsing
focal segmental glomerulosclerosis was the most frequent glomerular pathology in native kidneys and allografts.
However, a causal relationship between COVID-19 and the glomerular lesion remains unclear.*” However, it has been
suggested that cytokine-mediated effects of the disease and immune responses are implicated in this process.” Besides
collapsing glomerulopathy, COVID-19 may elicit immune responses exacerbating immune-mediated glomerular condi-
tions, such as MN, lupus nephritis, and anti-glomerular basement membrane disease.”

CMV is a type of herpesvirus that is widespread across the world. It is mainly transmitted through the urine and saliva
of young children but can also be transmitted sexually, by blood transfusion, or by organ transplantation. Primary
infection occurs in patients without immunity against the virus, and the CMV remains latent, enabling posterior
reactivations. A person with a previous CMV infection can also present a reinfection when in contact with infected
individuals. Symptoms are usually absent during CMV infection, but immunocompromised individuals may have high
viral loads, leading to organ damage to the lungs, gastrointestinal tract, central nervous system, and retina.*® Although
CMV renal infection is rare, some studies have shown that the virus can affect the glomeruli, with CMV viral inclusion in
the glomerular endothelial cell nuclei.?

The BK virus is a non-enveloped double-stranded DSA virus belonging to the Polyomaviridae family. It is a common
infection in the general population that can be transmitted through the oral, gastrointestinal, and respiratory tracts. After
an initial viremia, the virus can reside in the kidney and uroepithelial cells, leading to a latent infection.*” However, the
virus can start replicating in patients who have undergone kidney transplantation and are on immunosuppressive therapy,
leading to viruria, viremia, and allograft nephropathy (BKVAN). Most cases of BKVAN occur within the first year of
transplantation.** The main histologic features of BKVAN include enlarged and hyperchromatic nuclei with intranuclear
inclusions in tubular epithelial cells.* Although less frequent, glomerular damage caused by BKVAN has also been
observed, with evidence of infection of the Bowman’s capsular epithelium, associated with a variable increase in
mesangial matrix and aneurysmal dilatation of glomerular capillaries.* The glomerular visceral epithelial cells seem
resistant to BK virus infection.* The treatment of BKVAN involves a reduction in the intensity of immunosuppression,
with a decrease in the dose of antimetabolite by half, followed by a drop of calcineurin-inhibitor though goals if
persistence of infection (4—6 ng/mL for tacrolimus and 50-100 ng/mL for cyclosporine).*” Adjunctive therapies for
treating BKVAN include quinolones, cidofovir, leflunomide, and intravenous immunoglobulin.** However, the nephro-
toxicity of some of these drugs limits its clinical application.*’

Conclusion

Several conditions can affect the glomeruli of kidney transplant recipients, including recurrence or de novo
glomerulopathies and viral infections. The impact of these conditions on the graft outcomes varies according to
the primary kidney disease and the severity of the recurrence. The knowledge on viral glomerulopathy is based
on case series, most referring to the native kidney disease. Early identification of viral infections, correct
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management of immunosuppressive treatment, and treatment of infections are essential to minimize glomerular

damage from these infections.
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