Bahrain Medical Bulletin, Vol. 47, No. 2, June 2025

Infection-Related Glomerulonephritis: A Literature Review
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ABSTRACT

Glomerulonephritis (GN) is a term used to describe a set of immune-mediated kidney conditions that influence the
glomeruli. This literature review aimed to presents the current literature on Infection-related GN epidemiology,
pathophysiology, diagnosis, and treatment. Over the past decades, the epidemiology of IRGN has changed
dramatically, including aspects such as incidence, geography, disease burden, age distribution, comorbidities,
gender distribution, prognosis, and microbiology. Early diagnosis and timely treatment of IRGN are critical as
they may prevent kidney damage. Therapeutic approach followed in many cases, including antibiotics, surgical
intervention, immunosuppressive therapy, renin-angiotensin system blockade, sodium glucose co transporter
2 inhibitor, supportive therapy, and renal replacement therapy. Although the overall incidence of IRGN has
declined due to improved living standards, access to antibiotics, and the health care system, it remains high in
poor areas and increasingly affects adults, especially elderly patients with comorbidities. The pathophysiology
of IRGN is predominantly based on the deposition of complement with or without bound immunoglobulins,
followed by an immune and inflammatory reaction. Early diagnosis and timely treatment of IRGN can prevent
kidney damage. Diagnosing IRGN by clinical features alone is insufficient because it is common in diverse
GN classifications. Renal biopsy stays the gold standard for diagnosis, including the detection of subepithelial
humps on electron microscopy. The IRGN treatment focuses on eradicating infection, managing complications,
supportive care and immunosuppressive therapy in selected cases.
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INTRODUCTION

Glomerulonephritis (GN) is a term used to describe a set of immune-
mediated kidney conditions that influence the glomeruli !. The natural
function of the glomeruli as high-flow filters results in various GN
causalities because they are susceptible to different reasons for
inflammatory damage 2. Inappropriately treated GN can progress to
irreversible kidney damage and could lead to chronic kidney disease
(CKD) *4, leading to the necessity for renal replacement therapy
(RCT), including kidney transplantation or dialysis °.

Since the mid-18th century, it has been known that infections are
associated with kidney disease ®7. A wide range of infections can cause
GN -8 After non-renal infection, the classic type of immunologically
mediated infection-associated GN is post-infectious GN (PIGN) °.
Numerous microorganisms, such as parasites, fungi, viruses, bacteria,
and microbes can result in PIGN 7 '*12, Symptoms of PIGN include
hypertension, edema, mild to moderate proteinuria, and hematuria,
with a latent duration after infection. PIGN may progress to CKD in
some patients and in rare cases PIGN may also worsen rapidly '*.

The prototype for PIGN is acute post-Streptococcal GN (APSGN),
which is linked with a prior infection of the throat or skin with group
A Streptococcus or periodically Streptococcus groups G or C ', In
recent years, the term PIGN has been replaced by infection-related
GN (IRGN) . IRGN includes not only PIGN, but also shunt nephritis,
endocarditis-associated GN, and immunoglobulin Ig A-dominant
PIGN & 16,

Over the past thirty years, there has been a change in the
immunofluorescence  (IF)  spectrum, histopathology, clinical
presentation, etiological factors, and epidemiology of IRGN, which
has led to a change in its result '°. Besides, studies have shown that

typically represented PSGN can differ extensively from the IRGN
biopsy findings and IRGN clinical characteristics. Physicians may
face a challenge in treating and diagnosing IRGN cases due to
their histologic variants, including emerging variants like C3 GN
(C3GN) . Thus, the variety of GN pathologies and the absence of
a straightforward rational category to support these GN types result
in challenges in teaching, learning, treating, and understanding GNs
2. Considering the above challenges, this review aimed to study IRGN
epidemiology, pathophysiology, diagnosis, and treatment.

EPIDEMIOLOGY

Over the past decades, the epidemiology of IRGN has changed
dramatically, including aspects such as incidence, geography,
disease burden, age distribution, comorbidities, gender distribution,
prognosis, and microbiology (Table 1). Patients affected by these
IRGN epidemiological changes are at increased risk of poor kidney
consequences, so adequate knowledge of these changes is essential .
Therefore, enhancing understanding of acute GN in vulnerable groups
is crucial in lessening the prospective burden of this condition *.

PATHOPHYSIOLOGY

The pathogenesis of IRGN highly relies on complement deposition
with linked immunoglobulins or without it, followed by the immune
and inflammatory reaction '°. Firstly, the microbial antigen triggers an
antibody response during infection, which leads to the formation of an
immune complex within glomeruli, either in situ immune or circulating
immune complex ’. These immune complexes interact with glomerular
cells, initiating an inflammatory response that activates complementary
pathways “. The activation complements system causes damaging
glomerular basement membrane (GBM) and glomerular endothelial
cells resulting in subepithelial humps formations ” * 4. Besides
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Table 1. Epidemiology of IRGN

Epidemiological aspect Description

Global incidence e
antibiotics, the health care system, etc.

Geographic differences the developed areas.

Subclinical incidence

The overall incidence of IRGN has declined due to improved living standards, access to
IRGN cases are still high in economically disadvantaged regions while they decrease in

Clinically apparent IRGN cases are at least 4-fold less prevalent than subclinical IRGN

References

4,12,14,18-24

4,12, 14,18, 20,22,25

20, 23,26

cases, which implies that the correct incidence is higher than reported.

Global disease burden .
percentage in development areas.

Historical age distribution
Current age distribution

Obesity, other immunocompromised conditions, malignancy, hypertension, liver disease,

IRGN accounts for approximately 5% of global glomerular disease cases, with a higher ~ ,;

It mainly affects children, especially after Streptococcal infection. 15,28
It increasingly impacts adults, particularly elderly patients with comorbidities.

9,15,21,28

iditi . . . R . ' > 21,29-33
Comorbidities diabetes mellitus, rise prolonged utilization of central lines and indwelling catheters, etc.
Gender distribution Women are at a two times decreased risk of developing IRGN compared to men. 34,35
Prognosis Most adult cases progress to ESRD and CKD (poorer prognosis than children). 28,36
Microbial shift A shift from dominated by Streptococcus to dominated by Staphylococcus aureus, 15, 24,29, 31,33, 36.45

including MRSA.
Microbial shift risk factors

latrogenic risk factors and lifestyle changes.

30,32

IRGN, infection-related glomerulonephritis; ESRD, end-stage renal disease; CKD, chronic kidney disease; MRSA, methicillin-resistant

Staphylococcus aureus.

Table 2. Treatment of IRGN

Therapeutic approach Description

Antibiotics I
sensitivity and culture.

Surgical intervention IRGN burden.

References

The disease burden can be decreased by prescribing proper antibiotics guided by ’l

Surgical intervention may be necessary in some cases, and it even aids in decreasing the

Immunosuppressants are generally not recommended for the treatment of IRGN as they

Immunosuppressive therapy
in rapid progressive GN.

Supportive therapy

RRT

may have adverse consequences due to their capability to deplete the body's defenses.
However, immunosuppressants should be administered early to maintain kidney function

1,27,57

Supportive therapy is among the principal treatments in preponderance IRGNs. Targeted
anti-viral and antibiotics are required for treating specific IRGNs.
RRT is used to treat complications such as uremic symptoms, pulmonary edema, and a

hyperkalemia in some cases when the patient has rapidly progressive kidney failure.

Renin-angiotensin system

transporter 2 inhibitors

Renin-angiotensin system blockade/ sodium glucose co transporter 2 inhibitors is
blockade/ sodium glucose co recommended to treat persistent heavy or moderate proteinuria as it declines disease
progression. However, potassium levels and serum creatinine must be monitored.

21

IRGN, infection-related glomerulonephritis; RRT, renal replacement therapy.

subepithelial humps, interstitial changes or acute tubular necrosis may
be formations depending on the severity and nature of the infection
7. Besides the classical complement activations, the development of
IRGN also encompasses coagulation cascade activations, recruitment
of leukocytes to the injury site, and the production of proinflammatory
factors and various cytokines “°.

AA amyloidosis can result from a persistent infection in infrequent
cases 2. The prior studies also highlight specific pathogens-related
mechanisms:

Post-Streptococcal GN (PSGN): group A B-hemolytic Streptococci
antigens result in complement activation by producing ani-factors B
antibodies or directly 2.

Viruses (severe acute respiratory syndrome coronavirus 2, parvovirus
B19, arbovirus, Epstein Barr virus, or human immunodeficiency virus
(HIV)): these viruses result in podocytopathy by infecting podocytes 2.

Immunodeficiencies-related GN: IRGN results from circulating
immune complexes deposition among patients with iatrogenic or
acquired immunodeficiencies .

DIAGNOSIS

Early diagnosis and timely treatment of IRGN are critical as they may
prevent kidney damage ?’. However, specific diagnostic biomarkers for
IRGN have not been identified yet, making rapid diagnosis difficult
4. Also, recognizing IRGN by clinical features alone, including
hypertension, edema, abnormal kidney function, proteinuria, and/or
hematuria ¥, is insufficient as these features are prevalent in different
types of GN . GN is associated with abnormal cellular elements;
urine microscopy can help identify these factors °'. Still, a kidney
biopsy remains essential for GN diagnosis and is the gold standard for
diagnosis %!, In renal biopsy specimens, identification of subepithelial
humps "ultrastructural hallmark of IRGN" on electron microscopic
significantly improves diagnosis trust '¢.
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The following diagnostic criteria for IRGN were suggested by a prior
minireview, with a positive diagnosis requiring at least three of the five
items **: “(1) clinical or laboratory evidence of infection preceding or at
the onset of glomerulonephritis, (2) depressed serum complement, (3)
endocapillary proliferative and exudative glomerulonephritis, (4) C3-
dominant or codominant glomerular IF staining, and (5) hump-shaped
subepithelial deposits on electron microscopy.”

An invasive diagnostic procedure known as kidney biopsy (KB) is
designed to identify kidney diseases and determine the appropriate
course of treatment to prevent the progression to chronic kidney
disease and end-stage kidney disease. Currently, there is a general
consensus that KB is not contraindicated for elderly individuals aged
60-65. The risk of complications, particularly bleeding, is the primary
reason for the widespread reluctance to perform KB in very geriatric
patients. However, these patients may also benefit from optimal
therapeutic strategies. In elderly patients, the diagnosis of IRGN may
be challenging because comorbidities may obscure the underlying
infection; patients present with nonspecific manifestations related to
pre-existing comorbidities rather than IRGN manifestations 3% 3253,

TREATMENT

The main therapeutic goal of IRGN treatment is the eradication of
infection 3" % %, Treatment also includes managing complications
2127 and supportive therapy ¢. Immunosuppressive therapy may
be indicated in specific cases. Previous studies have identified the
therapeutic approach followed in many cases, including antibiotics,
surgical intervention, immunosuppressive therapy, renin-angiotensin
system blockade, sodium glucose co transporter 2 inhibitor, supportive
therapy, and renal replacement therapy (Table 2).

CONCLUSION

Although the overall incidence of IRGN has declined due to
improved living standards, access to antibiotics, and the health
care system, it remains high in poor areas and increasingly affects
adults, especially elderly patients with comorbidities. In addition,
most cases of IRGN in adults progress to CKD and ESRD. The
pathophysiology of IRGN is predominantly based on the deposition
of complement with or without bound immunoglobulins, followed
by an immune and inflammatory reaction. Early diagnosis and
timely treatment of IRGN can prevent kidney damage. Diagnosing
IRGN by clinical features alone is insufficient because it is common
in diverse GN classifications. The IRGN treatment focuses on
eradicating infection, managing complications, supportive care
and immunosuppressive therapy in selected cases. Early detection
and treatment, as well as regular monitoring of at-risk populations,
can prevent many adverse events and prognoses associated with
IRGN. Further research is recommended to improve diagnostic
and treatment strategies and thus reduce the IRGN burden,
especially among at-risk populations.
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