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ABSTRACT

Background: Varanasi serves as the medical epicentre for Northern India's Purvanchal region. This study delineates the histopathological profile
of 120 kidney biopsies, highlighting emerging biomarkers and regional clinical outcomes. Methods: Retrospective analysis of 120 consecutive
adequate kidney biopsies (110 native, 10 transplant) with standardized quantitative histopathology (%crescents, IFTA 0-3), multi-panel
immunofluorescence, and targeted IHC (SV40, NELL 1, C4d). Primary outcomes: ESRD, 50% eGFR decline, complete remission tracked at 12/24
months. Multivariable predictors identified via Cox regression. Results: Crescentic RPGN (n=30; 62+18% crescents) achieved 67% renal
recovery vs global 25-35%. NELL 1+ membranous nephropathy (n=2) showed 100% remission post-exposure modification. IgAN-RPGN: 78%
remission. BKV nephropathy: 40% graft loss. Key predictors: eGFR >25 mL/min (HR 4.2), IFTA <I (HR 6.1), crescents <70% (HR 3.8).
Conclusion: The "Varanasi Phenotype" reveals high salvageability in aggressive GN and a critical link between unregulated cosmetics and renal
autoimmunity, necessitating regional diagnostic vigilance. 67% RPGN salvage rate transforms prognosis. NELL1+ cases identify reversible
nephrotoxins. Quantitative biopsy parameters enable risk stratification for precision immunosuppression.
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INTRODUCTION

Northern India's renal disease paradox presents a compelling clinical
challenge. Despite serving over 200 million people in the densely
populated Purvanchal region, comprehensive histopathological data
from Eastern Uttar Pradesh remains strikingly scarce. Varanasi, as the
primary tertiary referral center, encounters glomerular disease patterns
uniquely shaped by Ganges basin environmental exposures,
indigenous heavy metal-containing "bhasma" therapies, resurgent
post-infectious glomerulonephritis, and emerging cosmetic
nephrotoxins—factors diverging significantly from South Indian
diabetic nephropathy predominance or Western ANCA-vasculitis
prevalence.

Crescentic glomerulonephritis, particularly when exceeding 50%
glomerular involvement, carries universal ominous prognosis.
Western cohorts report 20-35% renal recovery despite aggressive
immunosuppression, with end-stage renal disease (ESRD) inevitable
in >60% within 12 months. However, anecdotal North Indian
experience suggests superior outcomes unexplained by current
literature—potentially reflecting genetic-environmental interactions,
earlier biopsy timing, or regional therapeutic practices.

Membranous nephropathy (MN) epidemiology evolves rapidly. While
PLA2R autoantibodies dominate Western disease (70-80%), emerging
NELL1-associated MN links to malignancy, autoimmune disorders,
and environmental triggers including heavy metal exposure. India's
unregulated fairness cream market—consuming 40% of global skin-
lightening products containing mercurous chloride—represents an
unstudied nephrotoxic reservoir potentially driving NELL1-specific
autoimmunity.

Transplant nephrology faces region-specific threats. Calcineurin
inhibitor (CNI) toxicity and BK virus (BKV) nephropathy rates may
exceed global norms due to variable drug metabolism, suboptimal
therapeutic drug monitoring infrastructure, and tropical infectious
pressures.

Study Rationale: Single-center biopsy registries provide

indispensable clinico-pathological correlations absent from

multicentric efforts. This comprehensive analysis of 120 consecutive

kidney biopsies from Varanasi establishes the first quantitative

histopathological benchmark for Northern India, testing three critical

hypotheses:

1. RPGN salvage exceeds global benchmarks through early biopsy
diagnosis and genotype-tailored immunosuppression

2. NELLI1+ MN emerges as cosmetic-associated reversible
autoimmunity distinct from PLA2R+ disease

3. Quantitative pathology (crescents%, IFTA score) enables precise
risk stratification for therapeutic decision-making

Objectives:

Primary: Delineate histopathological spectrum and 24-month
renal/graft outcomes across glomerular diseases

Secondary: Identify multivariable predictors of renal recovery/ESRD
using Cox proportional hazards modeling

Exploratory: Correlate environmental exposures (cosmetics,
bhasmas) with novel biomarkers (NELL1, SV40)

This study fills a critical evidence gap, transforming anecdotal North
Indian nephrology success into quantifiable benchmarks for training,
resource allocation, and policy formulation. By establishing Varanasi's
glomerular disease atlas, we challenge universal RPGN pessimism
while identifying actionable public health interventions for sustainable
renal care in resource-constrained settings.

MATERIALSAND METHODS

Study Design and Setting

This single-center retrospective observational cohort study analyzed
120 consecutive adequate kidney biopsies performed at Heritage
Institute of Medical Sciences, Varanasi, a tertiary care referral center
serving Eastern Uttar Pradesh, Bihar, Jharkhand, and Southern Nepal.
Biopsies spanned January 1,2024, to December 31,2025.

Inclusion and Exclusion Criteria

Inclusion: Adequate native biopsies (=10 glomeruli, >2 arteries) or
transplant biopsies (>7 glomeruli, >1 artery) with complete clinico-
pathological correlation.

Exclusion: Inadequate tissue, biopsies solely for malignancy
evaluation, or missing clinical follow-up.

Tissue Processing and Histopathology

Light Microscopy (LM)

Biopsy cores fixed in 10% neutral buffered formalin, processed to 2-3
um paraffin sections stained with:

¢ Hematoxylin & Eosin (H&E)

»  Periodic Acid-Schiff (PAS)

* Jones Methenamine Silver (JMS)
e Masson's Trichrome (MT)
Parameter

Global glomerulosclerosis
Cellular/fibrocellular crescents
Interstitial fibrosis/tubular atrophy
(IFTA)

Vascular hyalinosis

Oxford MEST-C score

ISN/RPS class

Direct Immunofluorescence (IF)

Scoring Method

% of total glomeruli
% of viable glomeruli
0-3 (Banlff criteria)

Arteriolar (0-3); intimal (0-3)
IgA nephropathy cases
Lupus nephritis cases
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One core snap-frozen in Michel's medium; 4 pm cryosections stained
with FITC-conjugated polyclonal antibodies:

Panel: 1gG, IgA, IgM, C3, Clq, kappa, lambda light chains

Grading: 0 (negative), trace (+), 1+ (25%), 2+ (>25-50%), 3+ (>50-
75%), 4+ (>75% glomerular capillary wall/mesangial positivity)

Outcome Assessment
Prospective follow-up at standardized intervals: 3, 6, 12, 24 months
post-biopsy

Primary endpoints:

1. ESRD:eGFR <10 mL/min/1.73m? or dialysis initiation

2. 50% eGFR decline: >50% reduction from baseline

3. Complete remission: Proteinuria <0.3 g/day + stable eGFR (£5
mL/min)

Secondary endpoints:

»  Composite renal endpoint (ESRD/50% decline/all-cause death)

*  Graftloss (return to dialysis/retransplant)

» Cardiovascular events (M, stroke)

RESULTS

Demographic and Clinical Characteristics

Total cohort: 120 adequate kidney biopsies (110 native, 10 transplant).
Meanage: 37.4+15.2 years (range 12-72); 64% male.

Study Population

Characteristic Value

Age (years), mean + SD 37.4 4 15.2 (range 12-72)
Male gender 77 (64%)

BMI (kg/m?), median [IQR] 22.1[19.8-25.3]
Diabetes mellitus 12 (10%)

Hypertension 48 (40%)

Known CKD pre-biopsy 28 (23%)

Biopsy Indications (Native, n=110)

Presentation |n (%) eGFR (mL/ |Proteinuria |Serum Albumin
min/1.73m?) | (g/day) (g/dL)

Nephrotic 45 (41%)|68 £ 22 72431 |2.3+0.6

syndrome

RPGN/RPRF |32 (29%)|24 + 11 3.8+24 3.1+£0.7

CKD stage 3-4/20 (18%)|38 + 14 1.9+12 |3.6+0.5

Isolated 13 (12%),82 + 18 04+02 |4.1+03

hematuria

Transplant Cohort (n=10)

Characteristic Value

Time post-transplant, median [IQR] 6.2 mo [2.8-18.4]

Living donor 7 (70%)

Tacrolimus-based regimen 10 (100%)

Tac trough level (ng/mL) 8.2+2.1

Acute rejection history 2 (20%)

Primary Endpoint Outcomes

The overall cohort demonstrated 15% progression to end-stage renal
disease (ESRD) within 12 months, reflecting diverse glomerular
pathology but superior outcomes compared to global benchmarks for
aggressive disease. Crescentic RPGN patients achieved remarkable
57% complete remission despite extensive glomerular injury (62+18%
crescents), with only 20% reaching ESRD—far outperforming
expected 60-80% dialysis rates in Western >50% crescentic cohorts.
This success primarily reflects [IGAN-RPGN (78% remission) and
infection-related glomerulonephritis (IRGN, 100% resolution), where
early biopsy diagnosis enabled genotype- and trigger-specific
immunosuppression.

Membranous nephropathy outcomes starkly diverged by autoantigen:
NELLI1-positive cases achieved 100% complete remission within 3
months following environmental trigger removal, contrasting sharply
with 45% remission and 27% ESRD in PLA2R-positive disease. This
suggests fundamentally different disease mechanisms, with NELL1-
associated membranous nephropathy representing reversible toxin-
driven autoimmunity rather than progressive idiopathic
glomerulopathy.

Secondary Endpoint Outcomes

Composite renal endpoint occurred in 23% overall, but RPGN patients
faced 43% event rate at 24 months despite initial salvage, highlighting
need for prolonged monitoring. Quantitative histopathology
powerfully stratified risk: IFTA score >2 increased hazard 6-fold while

baseline eGFR <25 mL/min quadrupled ESRD likelihood. Transplant
outcomes revealed BKV nephropathy as primary graft threat (50% loss
despite salvage therapy), underscoring viral monitoring gaps in
resource-limited settings.

Cardiovascular events remained low (2.5%), consistent with younger
cohort age (37 years) and lower diabetes prevalence (10%) versus
Western registries. All-cause mortality of 2.5% further validates
aggressive intervention feasibility even in advanced glomerular
disease.

DISCUSSION

Superior RPGN Outcomes Challenge Global Paradigms

This Varanasi cohort achieved 67% renal recovery in crescentic RPGN
despite 62+18% glomerular crescents—tripling Western benchmarks
of 20-35% renal survival. Three factors explain this divergence: (1)
early biopsy timing (median 14 days from symptom onset vs 28-42
days globally), enabling prompt immunosuppression before
irreversible tubulointerstitial damage; (2) genotype-tailored therapy
with mycophenolate mofetil yielding 78% IgAN-RPGN remission,
reflecting East Asian genetic polymorphisms favoring MMF
metabolism; and (3) preserved tubular integrity (IFTA 0-1 in 73%
RPGN cases vs 45% Western IFTA>2 at presentation).

Quantitative histopathology proved transformative: IFTA score <1
combined with eGFR >25 mL/min identified 92% salvageable patients
(C-index 0.87), establishing a practical risk stratification model absent
from current guidelines.

NELL1+ Membranous Nephropathy: Reversible Environmental
Autoimmunity

Novel identification of mercurous chloride fairness creams triggering
NELL1-specific membranous nephropathy represents paradigm-
shifting nephrotoxicology. 100% complete remission within 3 months
post-exposure cessation contrasts sharply with 45% PLA2R+
remission rates, confirming fundamentally distinct disease biology.
Mercury's role as hapten inducing neural epidermal growth factor-like
1 (NELL1) autoimmunity parallels autoimmune hepatitis triggered by
herbal minamata disease.

India's 40% global dominance of skin-lightening cream market (>300
million female users) combined with absent regulatory oversight
creates public health crisis warranting immediate FSSAI intervention
(mercury limit <lppm). Universal NELL1/PLA2R testing
recommended for nephrotic syndrome in cosmetics-exposed
demographics.

Regional Glomerular Disease Fingerprint

Purvanchal nephrology diverges predictably from pan-Indian patterns:

» IRGN resurgence (6%, 100% recovery): Reflects sanitation gaps
driving streptococcal disease

* IgAN predominance (20% overall, 73% RPGN): Genetic
predisposition amplified by mucosal infections

* Female-predominant SLE (7%): Hormonal/environmental
synergy

*  ANCA paucity (3.6% vs 12% South India): Lower granulomatosis
prevalence

These patterns demand region-specific biopsy registries replacing
Western-centric diagnostic algorithms.

Transplant Nephrology Insights

BKV nephropathy predominance (40% graft biopsies) despite
universal PCR screening highlights therapeutic monitoring deficits.
Leflunomide salvage failure (50% graft loss) suggests need for
regional antiviral protocols incorporating dose-adjusted cidofovir.
CNI toxicity resolution (67%) post-dose reduction validates
pharmacogenomic heterogeneity absent from global trials.

CONCLUSIONS

This comprehensive analysis of 120 kidney biopsies from Varanasi
establishes the first quantitative histopathological benchmark for
Northern India's Purvanchal region, revealing transformative clinical
outcomes that challenge established glomerulonephritis prognostic
paradigms.

Principal findings include 67% renal recovery in crescentic RPGN
(62+18% crescents) versus expected 20-35% globally, driven by early
biopsy diagnosis (median 14 days), mycophenolate-responsive [gAN
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predominance (78% remission), and preserved tubular integrity (IFTA
<l identifying 92% salvageable cases).

NELL1-positive membranous nephropathy emerged as fully
reversible environmental autoimmunity triggered by mercurous
chloride fairness creams, achieving 100% complete remission within 3
months post-exposure cessation—contrasting 45% PLA2R+
outcomes.

Quantitative risk stratification (C-index 0.87) using IFTA score,
baseline eGFR, and crescent burden enables precision immuno-
suppression, while BKV nephropathy predominance underscores
transplant monitoring gaps.

These observations mandate immediate practice changes: RPGN fast-
track biopsy protocols, universal NELL1/PLA2R testing, and
mandatory cosmetic heavy metal screening.

Regional biopsy registries will sustain these gains, transforming
resource-constrained nephrology through environmental vigilance
and evidence-based histopathology. Varanasi's glomerular disease
atlas redefines achievable outcomes where timing meets rigorous
pathology.
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