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Abstract
Introduction: Autoimmune (AI) reactivity in the setting of 
infection-related GN (IRGN) is often viewed as an epiphe-
nomenon and is not well described. Methods: We report a 
cohort of 17 patients with IRGN during a 7-year period that 
highlights cases with AI reactivity and describes the clinical 
and pathologic characteristics of IRGN cases associated with 
AI reactivity. Results: Of the IRGN cases, 76% had clinical ev-
idence of an autoimmune disease (AD) and/or positive AI se-
rologies. Within the IRGN group with AI reactivity, 12 had 
positive AI serologies (92%) and 10 had AD (77%). 30% had 
a prior diagnosis of AD, while the remaining 70% did not 
have a history of AD and were either diagnosed or suspected 
of having an AD at the time of biopsy. The most common 
autoantibody detected was anti-nuclear antibody followed 
by anti-neutrophil cytoplasmic antibodies and autoantibod-
ies associated with antiphospholipid syndrome. Conclusion: 
The study is not sufficiently powered to determine any signifi-
cance but demonstrates the frequency with which AI features 
occur in IRGN and should prompt further future investigation. 
In summary, our findings suggest AI manifestations are com-
mon in IRGN. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Multiple studies have linked infections with auto-
immunity through various possible mechanisms [1]. Yet 
autoimmune (AI) reactivity in the setting of infection-
related GN (IRGN) is often viewed as an epiphenomenon 
that occasionally aggravates the infectious process [2, 3]. 
Pathologic features typical of an IRGN are subepithelial 
hump-shaped deposits by electron microscopy (EM), an 
exudative proliferative glomerulonephritis by light mi-
croscopy (LM), and C3 dominance or co-dominance by 
immunofluorescence (IF). A subset of these patients with 
biopsy findings of IRGN demonstrate positive AI serolo-
gies and/or a clinical presentation concerning for con-
comitant autoimmune disease (AD).

This phenomenon is well characterized in endocardi-
tis-associated IRGN, in which anti-neutrophil cytoplas-
mic antibody (ANCA) seropositivity has been identified 
in up to 28% of patients and in other various infections 
including viral (hepatitis B and C), bacterial, fungal, and 
parasitic [4]. However, the frequency of other positive AI 
serologies such as anti-nuclear antibody (ANA) or the 
subsequent development of AD is not well described in 
cases with IRGN. Moreover, the clinicopathologic pre-
sentation and prognosis of those with IRGN and evi-
dence of autoimmunity versus those who do not have 
AD or AI serologies are not well understood. We sought to 
further understand the clinicopathologic presentation 
of patients with IRGN who have positive AI serologies 
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and/or developed AD in the setting of infection by re-
viewing renal biopsies of patients with the diagnosis of 
IRGN over a 7-year period.

Materials and Methods

All native kidney biopsies of patients from Strong Memorial 
Hospital accessioned from 2015 to 2022 were retrospectively 
reviewed for the presence of IRGN. Demographic and clinical 
information at the time of biopsy and at last follow-up were col-
lected from electronic medical records and referral forms from 
the submitting physicians, if available. Clinical data included 
laboratory parameters such as serum creatinine, presence of 
proteinuria, urinalysis, abnormal serologies, and recent medical 
history of infection, other ADs, and neoplasm. The following 
clinical definitions were used: nephrotic-range proteinuria as a 
urine protein/creatinine ratio or 24-h urine protein >3.5 g per 
day; complete recovery as return of serum creatinine to baseline 
(if available) or to a level ≤1.2 mg/dL; or resolution of proteinuria 
(or at least to less than 1 g), particularly if the creatinine was 
normal to begin with; persistent renal dysfunction as persistent 
elevation of serum creatinine 0.2 mg/dL above baseline or a fol-
low-up serum creatinine of >1.2 mg/dL; end-stage renal disease 
(ESRD) as requiring renal replacement therapy. Tubular atrophy 
and interstitial fibrosis were graded as follows: none, 0; mild, 
1–25%; mild to moderate, 26–35%; moderate, 36–50%; moderate 
to severe, 51–60%; severe >60%. Mesangial hypercellularity was 
defined as > 3 mesangial cells per mesangial area; endocapillary 
hypercellularity as glomerular capillary luminal narrowing or oc-
clusion by increased cells; extracapillary hypercellularity/cres-
cent as >2 cell layers involving more than 10% of the glomerulus; 
membranoproliferative pattern as proliferative glomerulone-
phritis with glomerular basement membrane duplication; and 
interposition of cells and matrix [5]. The term bacterial IRGN 
used in this manuscript encompasses acute postinfectious (post-
streptococcal) GN, IgA-dominant IRGN, endocarditis-related 
GN, and shunt nephritis [6]. Other infectious agents including 

some viruses can also present with morphologic features of IRGN 
and were therefore included in this study. Features of IRGN in-
cluded an exudative proliferative glomerulonephritis character-
ized by prominent neutrophilic infiltration by LM (Fig. 1a–b), 
subepithelial hump-shaped deposits by EM (Fig. 2), and C3 dom-
inance or co-dominance by IF (Fig. 3a–b).

Cases were reviewed and divided into 2 groups: IRGN with 
positive AI serologies and/or AD and IRGN without evidence of 
AI serologies or AD. The pathologic features were then correlated 
with the clinical findings at the time of biopsy and at latest follow-
up (including treatment and outcome).

All renal biopsies were processed using standard techniques for 
LM, IF, and EM and interpreted by one of three renal pathologists. 
Consensus was obtained for each case at a weekly conference at-
tended by all three of the renal pathologists. IF staining intensity 
was graded semi-quantitatively on a scale from 0 to 3+.

a b

Fig. 1. a LM from biopsy of patient #17. Ex-
udative glomerulonephritis with segmental 
cellular crescents associated with fibrinoid 
necrosis (H&E, original magnification, × 
400). b Prominent fuchsinophilic subepi-
thelial deposits (trichrome, original magni-
fication, × 400).

Fig. 2. EM from patient #17 showing subepithelial hump-shaped 
deposits.
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Statistical analysis was performed using SPSS software (version 
28). Continuous variables were expressed as mean (± standard de-
viation), while categorical variables were shown as frequency (%). 
To compare continuous values between the groups, we performed 
two-sample t tests without assuming equal variances. To compare 
categorical differences, we created cross-tabulations of each vari-
able against the group and used Fisher’s exact test. This study was 
approved by the Institutional Review Board at the University of 
Rochester Medical Center (STUDY00007310).

Results

From January 2015 to May 2022, 17 cases with IRGN 
from Strong Memorial Hospital were identified.

Demographics and Clinical Data
Demographics and clinical data are presented in  

Tables 1 and 2. More detailed clinical data for AI and 
non-AI are provided in Table 3. Of the 17 patients with 
IRGN, 13 had either AD and/or positive AI serologies (AI 
group), while 4 were negative for AI serologies and with-
out clinical evidence of AD (non-AI group). All patients 
with IRGN had an average age of 55 ± 21 years and were 
predominantly male (male:female ratio 7.5:1). Fifty-three 
percent were Caucasian, 29% were black, 6% were Asian, 
and 12% were unknown. There were no significant differ-
ences in demographics between the 2 groups. In addition, 
both groups similarly demonstrated evidence of renal insuf-
ficiency, nephrotic-range proteinuria, and hematuria at time 
of biopsy (Table 2). Though there were no statistically 

significant differences regarding complement levels, 3 
cases in the AI cohort exhibited low C3 and C4 in com-
parison to none of the non-AI patients.

The most common causative agent for IRGN (online 
suppl. Table 1; for all online suppl. material, see www.
karger.com/doi/10.1159/000528712) was Streptococcus 
(29%), followed by Staphylococcus (24%), hepatitis C 
(HCV; 24%), Enterococcus (18%), and human immuno-
deficiency virus (6%). The AI cohort tended to demon-
strate more bacterial infections (69% vs. 25%, p = 0.3), 
while viral infection by HCV was more prominent in the 
non-AI group (50% vs. 15%, p = 0.3). That said, the sam-
ple size was too small to draw any significant associations.

Of the IRGN cases, 76% had clinical evidence of an AD 
and/or positive AI serologies. Within the AI group, 10 
cases had AD (77%) and 12 had positive AI serologies 
(92%). Among those cases with AD, 3 had a history of AD, 
while 7 were diagnosed or suspected of having an AD 
while admitted at the time of biopsy. The 3 with a previous 
history of AD included 1 with relapsing polymyalgia 
rheumatica, 1 with autoimmune hemolytic anemia, and 1 
with active Crohn’s disease. The remaining 7 presented 
with AD at hospitalization without a prior history of au-
toimmunity including 1 with suspected antiphospholipid 
syndrome (APS), 5 with ANCA vasculitis, 1 with suspected 
polymyalgia rheumatica versus giant cell arteritis, 1 with 
suspected AI myopathy, and 1 with mixed connective tis-
sue disease. Twelve cases had positive AI serologies, of 
which 62% had ANAs, 46% had ANCAs (not including 
the 15% with indeterminate), and 29% had miscellaneous 

a b

Fig. 3. IF of C3 staining from biopsies of 
patient #15 with garland pattern (a) and 
patient #16 with “starry sky” (b) pattern.
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Table 2. Clinical presentation of patients 
with IRGN at time of renal biopsy Patients, n (%) or mean ± SD

IRGN with AI IRGN without AI p value

Serum creatinine, mg/dL 4.1±2.3 4.5±2.9 0.8
Proteinuria, g/day 6.0±6.1 8.3±6.5 0.6
Hematuria 13 (100) 3 (75) 0.2
Complements 1.0

Low C3 5 (38) 2 (50)
Low C3 and C4 3 (23) 0 (0)
Normal C3 and C4 8 (62) 2 (50)

Positive AI serologies and/or AD 13 (100) 0 (0) –
AD 10 (77) 0 (0) –

ANCA vasculitis 5 (50) 0 (0)
Inflammatory bowel disease 1 (10) 0 (0)
PMR 2 (20) 0 (0)
AIHA 1 (10) 0 (0)
MCTD 1 (10) 0 (0)
APS 1 (10) 0 (0)

AI serologies 12 (92) 0 (0) –
ANA and/or double-stranded DNA 8 (62) 0 (0)
ANCA

Indeterminate 2 (15) 0 (0)
Positive 6 (46) 0 (0)

PR3 3 (23) 0 (0)
MPO 2 (15) 0 (0)
Unknown 1 (8) 0 (0)

Anti-GBM antibody 0 (0) 0 (0)
Other positive autoimmune serologies 4 (31) 0 (0)

MCTD, mixed connective tissue disease; AIHA, autoimmune hemolytic anemia; PMR, 
polymyalgia rheumatica.

Table 1. Demographics and comorbidities 
of patients with IRGN Patients, n (%) or mean ± SD

Clinical features IRGN with AI IRGN without AI p value

Age, years 54±22 58±20 0.8
Gender 1.0

Male 11 (85) 4 (100)
Female 2 (15) 0 (0)

Race 0.1
Caucasian 8 (62) 1 (25)
Black 3 (23) 2 (50)
Hispanic 0 (0) 0 (0)
Asian 0 (0) 1 (25)
Unknown 2 (15) 0 (0)

Comorbidities
Diabetes mellitus 6 (46) 1 (25) 0.6
Hypertension 10 (77) 3 (75) 1.0
Coronary artery disease 3 (23) 1 (25) 1.0
Neoplasm 5 (38) 1 (25) 1.0
Cirrhosis 2 (15) 0 (0) 1.0
Drug/alcohol abuse 1 (8) 2 (50) 0.1
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other serologies. Additional positive serologies included 
autoantibodies for beta-2 glycoprotein, anti-cardiolipin, 
lupus anticoagulant, F-actin IgG, smooth muscle IgG, 
rheumatoid factor, anti-nuclear ribonucleoprotein, anti-
Smith antibody, and anti-Sjogren’s syndrome A.

Pathologic Data
Pathologic features including IF, LM, and EM are pre-

sented in Table 4. More detailed pathologic data for AI 
and non-AI cases are provided in online supplementary 

Table 2. IF showed the most intense staining for C3 com-
pared to all the immunoglobulins followed by IgG, kappa, 
and lambda showing the second most intense staining. 
Although there were no significant differences in IF stain-
ing between the groups, the AI cohort tended to show 
slightly stronger immunopositivity for IgA, IgG, kappa, 
and lambda. Both groups also showed similar frequency of 
full-house staining pattern, though only the AI group had 1 
case with extra-glomerular staining involving tubular base-
ment membranes by IgG and endothelial tubuloreticular 

Table 4. Pathologic data of patients with 
IRGN at time of renal biopsy Patients, n (%) or intensity ± SD (patients, n)

IRGN with AI IRGN without AI p value

IF
“Full-house” staining 3 (23) 1 (25) 1.0
Extra-glomerular staining 1 (8) 0 (0) 1.0
Average intensities

IgA 1.1±0.9 (9) 0.8±1.0 (2) 0.5
IgG 1.5±1.2 (9) 1.0±1.4 (2) 0.6
IgM 0.8±0.7 (10) 1.0±1.2 (2) 0.7
C3 2.5±0.7 (13) 2.3±0.5 (4) 0.5
C1q 0.4±0.7 (4) 0.5±0.6 (2) 0.7
Kappa 1.5±0.9 (12) 1.0±0.8 (3) 0.3
Lambda 1.7±1.0 (12) 1.0±0.8 (3) 0.2

EM
Tubuloreticular inclusions 1 (8) 0 (0) 1.0
Deposits

Subepithelial deposits 12 (92) 3 (75) 0.4
Hump shaped 9 (69) 2 (50) 0.6

Mesangial 12 (92) 4 (100) 1.0
Subendothelial 6 (46) 3 (75) 0.6

LM
Mesangial hypercellularity 9 (69) 4 (100) 0.5
Endocapillary hypercellularity 9 (69) 2 (50) 0.4

Exudative 7 (54) 1 (25) 0.6
Crescents 0.3

Cellular/fibrocellular
Focal 7 (54) 1 (25)
Diffuse 1 (8) 0 (0)

Fibrous 0 (0) 0 (0)
Fibrinoid necrosis 6 (46) 1 (25) 0.2
Membranoproliferative 4 (31) 2 (50) 0.6
Focal segmental glomerulosclerosis 0.6

Focal 4 (31) 2 (50)
Diffuse 0 (0) 0 (0)

Global glomerulosclerosis 0.4
Focal 8 (62) 2 (50)
Diffuse 4 (31) 1 (25)

Tubular atrophy and interstitial fibrosis 0.5
Mild 2 (15) 2 (50)
Mild to moderate 3 (23) 0 (0)
Moderate 1 (8) 1 (25)
Moderate to severe 3 (23) 0 (0)
Severe 1 (8) 1 (25)
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inclusions. The AI and non-AI groups had no statisti-
cally significant differences in light microscopic findings 
in terms of both acute (e.g., mesangial and endocapillary 
hypercellularity, crescents) and chronic changes (e.g., 
global and segmental glomerulosclerosis, tubular atro-
phy, and interstitial fibrosis). Almost all of the biopsies 
showed some degree of activity except for 2 cases, which 
appeared to be in the resolving phase. None of the cases 
in the AI and non-AI cohorts had fibrous crescents. By 
EM, both groups showed no significant differences in the 
distribution of deposits or frequency of hump-shaped de-
posits (69% vs. 50%; p = 0.6).

35% (N = 6) were IgA dominant, of which 2 had cel-
lulitis, 2 with staphylococcal infections, 1 with Strepto-
coccus pneumoniae, and 1 unknown. 18% (N = 3) had 
endocarditis, all of which had full-house immune depo-
sition by IF (1 with Staphylococcus aureus, 1 Enterococcus 
faecalis and Streptococcus haemolyticus, and 1 Strepto-
coccus mitis), 12% (N = 2) had acute post-infectious GN 
(1 with Staphylococcus aureus and 1 Streptococcus pyo-
genes), 12% (N = 2) had HCV-associated MPGN, 6% (N 
= 1) had human immunodeficiency virus and HCV as-
sociated with full-house staining, 6% (N = 1) had Esch-
erichia coli-related IRGN, and 12% (N = 2) were resolv-
ing GNs.

Follow-Up and Treatment
Follow-up data including treatment and clinical out-

come are provided in Table 5 and in online supplemen-
tary Table 3. The mean days from time of biopsy to latest 
follow-up was 385 ± 461 for all IRGN cases. Eighteen 
percent of all IRGN had complete renal recovery, while 
24% had persistent renal dysfunction. Five patients (29%) 
developed ESRD. Seven (41%) patients died (including 
2 with ESRD): 2 from complications of malignancy, 1 
from myocardial infarct, 1 from rhabdomyolysis, 1 from 
a possible pulmonary embolus, 1 from complications of 

cirrhosis, and 1 from multiple infections with vancomy-
cin-resistant Enterococcus, Clostridium difficile, and Kleb-
siella bacteremia.

There were no significant differences in terms of treat-
ment with immunosuppressive (77% in the AI and 67% in 
non-AI group; p = 1.0) or antibiotic/antiviral agents (85% 
in AI, 67% non-AI; p = 0.5). In addition, there were no 
significant differences in complete recovery, persistent re-
nal dysfunction, ESRD, or mortality between the 2 groups.

All 3 cases that had underlying diabetic glomeruloscle-
rosis (DGS) progressed to ESRD compared to 14% in 
those without DGS (p = 0.01). Patients with DGS also had 
worse tubulointerstitial scarring (p = 0.03) and global glo-
merulosclerosis (p = 0.01) but no significant differences 
in involvement by focal segmental glomerulosclerosis (p 
= 0.5). Of the 3 patients with DGS, 2 were from the AI 
group. There was a statistically significant relationship 
between ESRD and tubular atrophy and interstitial fibro-
sis (p = 0.004), presence of DGS (p = 0.01), MPGN (p = 
0.02), and segmental sclerosis (p = 0.03).

Discussion

Herein, we report a cohort of patients with IRGN during 
a 7-year period to categorize cases with autoimmunity and 
identify their clinical and pathologic characteristics. Ap-
proximately 76% of the cases had evidence of either an AD 
and/or positive AI serologies, of which 92% had positive AI 
serologies and 77% had clinical evidence or history of an 
AD. Interestingly, while 30% had a prior diagnosis of AD, 
the remaining 70% did not have a history of AD and were 
either diagnosed or suspected of having an AD at the time 
of biopsy. The most common autoantibody identified was 
ANA (47%) followed by ANCA (35%) and serologies for 
APS such as lupus anticoagulant, beta-2 glycoprotein, or an-
ti-cardiolipin autoantibodies (12%). Various autoantibodies 

Table 5. Clinical outcomes of patients with 
IRGN Patients, n (%) or mean ± SD

IRGN with AI IRGN without AI p value

Average days to follow-up* 370±437 449±665 –
Complete recovery of renal function 2 (15) 1 (25) –
Persistent renal dysfunction 3 (23) 1 (25) –
ESRD 4 (31) 1 (25) 1.0
Average days to ESRD* 110±118 31 –
Death 6 (46) 1 (25) 0.6

ESRD, end-stage renal disease. * From time of biopsy.
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in the setting of IRGN have been identified in several stud-
ies and case reports [2]. The most identified autoantibody 
has been anti-IgG or rheumatoid factor, which has been 
reported in 15–32% of cases of acute post-streptococcal 
GN (APSGN) in one study but up to 89.2% of APSGN cas-
es in another series [3, 7]. Other notable autoantibodies 
identified in the setting of IRGN include ANCA in 8–28% 
[8–11], anti-cardiolipin antibodies in 48% [12], anti-com-
plement antibodies (such as anti-factor B [FB] in up to 91%, 
anti-C1q in 33–38%, and C3 nephritic factor in 20–64%) 
[13–18], and case reports of anti-dsDNA, antiphospholipid 
antibodies, and Coombs-positive AI hemolytic anemia in-
cluding those with anti-I autoantibodies [19–21]. ANA was 
also detected in a significant proportion of cases with shunt 
nephritis (83%) [22]. In essence, the frequency of autoim-
munity in IRGN is significant.

Growing evidence suggests that autoimmunity can be 
triggered by infections. ANA, Sm/RNP, anti-dsDNA, an-
ti-heart, anti-smooth muscle, anti-mitochondrial, anti-
thyroid, ANCA, and antiphospholipid antibodies, among 
other antibodies have been identified in the setting of vari-
ous infections [4, 23–28]. Animal models of SLE and APS 
have demonstrated that viruses can trigger the production 
of autoantibodies [24, 29]. In a study of 88 non-AI patients 
with infections, 39% had at least 2 autoantibodies identi-
fied, the most common of which were antibodies to con-
stituents involved in coagulation such as anti-annexin V, 
anti-prothrombin (PT), and antiphospholipid. Other com-
monly identified antibodies also included ANA, anti-Sac-
charomyces cerevisiae (ASCA), and anti-laminin. Elevated 
titers to annexin V and PT most often had viral, parasitic, 
and rickettsial infections (annexin V 60.9%, 47.1%, and 
57.1%; PT 69.6%, 23.5%, 28.6%, respectively), while those 
with anti-ASCA and ANA were more prevalent in bacte-
rial and viral infections (ASCA 22% and 26.1%; ANA 20% 
and 21.7%, respectively) [30]. In our cohort, we did not 
observe any difference in the type of autoantibodies in 
those with viral versus bacterial infections. That said, most 
of the infections were bacterial in our cohort with only a 
minority of viral infections and none with any known par-
asitic infection, thus limiting the ability to detect any true 
differences among type of infections.

Infections can trigger autoimmunity through multiple 
mechanisms including molecular mimicry, infection-in-
duced changes in epitope conformation (e.g., leading to 
unmasking of previously sequestered components), anti-
gen modification (e.g., formation of neoepitopes second-
ary to bacterial-induced alterations), and epitope spread-
ing [1, 2]. For example, anti-IgG reactivity, which has been 
identified most in IRGN during the early phase of the 

disease, may be a result of autoantigenic modification 
through desialization of Ig by streptococcal neuramini-
dase [31, 32]. Defects in immune regulation are also well 
documented in both infection and autoimmunity, and an 
underlying genetic predisposition may play a role. Rodri-
guez-Iturbe et al. [33] reported a higher rate of APSGN in 
siblings compared to the general population in epidemics 
(38% vs. 5–28%). HLA-DP alleles, HLA-DPA1*02022 and 
DPB1*0501, (p < 0.0001 and p < 0.0005, respectively) as 
well as HLA-DRB1* 03011 and DRB1*1105 (p = 0.00025 
and p = 0.0097, respectively) were found to be significant-
ly increased in patients with APSGN [34, 35]. HLA-DRw4 
was also discovered at a higher frequency in these patients 
(p = 0.05) [36]. These findings suggest genetic factors, 
particularly those involved with HLA-DR and DP [37], 
may increase the likelihood of developing IRGN in infec-
tion and could provide a potential link to an AI associa-
tion. Polymorphisms of major histocompatibility com-
plex class I and II genes are strongly associated with AD 
susceptibility, and it is major histocompatibility complex 
alone that is responsible for 30% of the genetic heritabil-
ity for most ADs [38]. HLA-D genes, notably DR and DQ, 
have a strong association with almost all ADs [39]. Spe-
cifically, HLA-DRB1 alleles have been associated with in-
creased risk factor for SLE, multiple sclerosis, type 1 dia-
betes mellitus, and rheumatoid arthritis, which has also 
been linked with HLA-DRw4 [38, 40–42]. HLA-DPB1 
has been reported in various diseases including myasthe-
nia gravis, Grave’s disease, Takayasu’s arteritis, celiac dis-
ease, juvenile arthritis, and primary biliary cirrhosis [34]. 
Of note, ANCA, which was one of the most common au-
toantibodies identified in our cohort, has been associated 
with HLA-DP and DQ variants [43, 44].

Similar to previous studies of IRGN in which hypo-
complementemia is present in 35–85% [9, 45], our cohort 
demonstrated hypocomplementemia in 41% with similar 
frequency in both AI and non-AI group. Follow-up com-
plement levels were available for 1 patient with initially 
low C3 that normalized within 2 months. Autoimmunity 
in alternative complement pathway (AP) dysregulation is 
of particular interest because a substantial proportion of 
cases with IRGN demonstrate not only mutations in com-
plement genes but also a high frequency of autoantibodies 
against AP proteins such as C3NeF (20–64%) and anti-FB 
[13, 14, 17, 18]. Few reports and small cohort studies have 
also demonstrated normalization of the C3 levels upon 
disappearance of the anti-complement antibodies, sug-
gesting that autoantibodies to complement enhance AP 
activation [13, 14]. Interestingly, a study by Chauvet et al. 
[13] identified anti-FB in 91% of children with APSGN 
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versus only 14% in those with C3 glomerulopathy (C3GN), 
indicating that the mechanism of AP activation may be 
different for C3GN and IRGN. Given the pathologic over-
lap between IRGN and C3GN and documented persistent 
IRGN progressing to C3GN, it seems dysregulation of AP 
due to autoimmunity likely has a central role in the patho-
genesis of IRGN [46]. It is interesting to note that although 
there were no differences in frequency of low C3 between 
AI and non-AI group, low C4 was identified in only the 
AI cohort. Several studies have demonstrated an associa-
tion of underlying C4 deficiency with increased suscepti-
bility to infection and AD [47, 48]. That said, none of the 
cases with low C4 in the AI cohort had a documented his-
tory of decreased C4 prior to the diagnosis of IRGN.

Our cohort, which mostly comprised patients older 
than 50 years, showed similar biopsy and clinical findings 
to previous studies of IRGN in adults and the elderly. Sim-
ilar to the study by Nasr et al. [10], many in our cohort were 
immunocompromised, with DM in a significant propor-
tion (41% vs. 49%) but slightly more patients with malig-
nancies (35% vs. 14%) and alcoholism or substance abuse 
(18% vs. 4%). Our cohort also showed the same common 
sites of infections including skin, respiratory and urinary 
tract, as well as endocarditis, sepsis, and osteomyelitis. Pa-
tients with DGS presented with more tubulointerstitial 
scarring and global glomerulosclerosis and were more like-
ly to progress toward ESRD, correlating with prior studies 
showing worse renal prognosis in those with underlying 
DGS [10, 45]. There was also a direct correlation between 
ESRD and tubulointerstitial scarring, presence of MPGN 
pattern, and segmental sclerosis.

Our study has several limitations in that it is a single-
center study in addition to aspects related to its retrospec-
tive nature including small sample size, variable treat-
ment regimens, and lack of complete available clinical 
and laboratory data at presentation and follow-up. In ad-
dition, we do not know how long the autoantibodies were 
present prior to presentation and whether the infection 
itself led to autoantibody presence or if the autoantibod-
ies were present for some time. Lastly, none of the pa-
tients had serologies for autoantibodies to complement or 
genetic analysis performed to further analyze the pres-
ence or absence of complement abnormalities or muta-
tions implicated in autoimmunity.

In conclusion, AI manifestations are common in 
IRGN. Most of the cases had either positive AI serologies 
or clinical evidence or history of an AD. The most com-
mon autoantibody detected was ANA followed by ANCA 
and autoantibodies associated with APS. The study is not 
sufficiently powered to determine any significance but 

demonstrates the frequency with which AI features oc-
cur in IRGN. More studies are needed to understand the 
association of autoimmunity with IRGN and what the 
optimal management should be.
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