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Abstract  

Infection-related glomerulonephritis (IRGN) is a kidney disorder characterized by inflammation of the glomeruli, the kidney’s filtering units, 
triggered by infections elsewhere in the body. Recent data reveal a shift in the United States, with non-streptococcal bacteria emerging as 
significant causes of IRGN in adults, replacing the historical dominance of streptococcal infections. This condition arises when the body’s immune 
response to an infection deposes immune complexes in the kidney’s glomeruli, resulting in inflammation and damage. Factors like the type and 
virulence of the bacteria, host immune response, and genetic predisposition contribute to its pathogenesis. Non-streptococcal bacterial infections, 
including staphylococcal and Escherichia coli (E. coli), are now prominent contributors to adult IRGN. This shift in epidemiology may vary over 
time and by region. Patients with non-streptococcal bacterial IRGN commonly present with acute kidney injury symptoms, such as swelling, 
hypertension, hematuria, and proteinuria. Diagnosis involves clinical evaluation, laboratory tests, and kidney biopsy to reveal characteristic 
glomerular changes. Management focuses on treating the underlying infection with targeted antibiotics, controlling inflammation, and providing 
supportive care. Severe cases may require dialysis until kidney function recovers. This comprehensive narrative review aims to provide an up-
to-date perspective on non-streptococcal bacteria as the leading cause of IRGN in adults. It covers epidemiology, etiology, clinical presentation, 
diagnosis, and treatment. The prognosis varies based on factors such as the underlying infection and promptness of intervention. This evolving 
landscape underscores the importance of early diagnosis and tailored management to enhance outcomes in changing IRGN epidemiology among 
adults. Staying vigilant in diagnosing and managing IRGN remains crucial as it presents new challenges and opportunities for improved patient 
care.
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Introduction

Infection-related glomerulonephritis (IRGN) is a kidney disor-
der characterized by inflammation of the glomeruli, the filtering 

 
units of the kidneys, resulting from an infection elsewhere in the 
body. In adults, non-streptococcal bacteria have emerged as a sig-
nificant cause of IRGN. This condition occurs when the immune 
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system’s response to the infection leads to the deposition of im-
mune complexes in the kidney’s glomeruli, causing inflammation 
and damage. In the United States, the epidemiology of non-strep-
tococcal bacteria as the leading cause of IRGN in adults has steadily 
evolved. While streptococcal infections historically dominated the 
landscape of IRGN, recent data suggest a shift towards non-strep-
tococcal bacterial infections, including staphylococcal and Esch-
erichia coli (E. coli) infections, as significant contributors to this 
condition [1-3]. The exact prevalence may vary over time and by 
geographic region. The etiology of non-streptococcal bacterial 
IRGN lies in the body’s immune response to bacterial antigens. In 
these infections, bacterial antigens or their immune complexes 
may circulate in the bloodstream and get trapped in the glomeru-
li. This triggers an inflammatory response, causing damage to the 
glomerular filtration barrier. Factors like the type and virulence 
of the bacteria host immune response and genetic predisposition 
play a role in the pathogenesis of this condition [2,4].

Patients with non-streptococcal bacterial IRGN typically 
present with signs and symptoms of acute kidney injury, such as 
swelling (edema), hypertension, hematuria (blood in the urine), 
and proteinuria (excess protein in the urine). They may also have 
symptoms related to the underlying infection, including fever, 
chills, and localized signs of infection. Diagnosing IRGN involves 
a combination of clinical evaluation, laboratory tests, and kidney 
biopsy. Urinalysis often reveals hematuria and proteinuria, while 
blood tests may show elevated serum creatinine levels, indicat-
ing kidney dysfunction. A definitive diagnosis is made through a 
kidney biopsy, demonstrating characteristic glomerular changes, 
including immune complex deposition [1,5,6]. Management of 
non-streptococcal bacterial IRGN focuses on treating the under-
lying infection and alleviating kidney inflammation. Antibiotics 
targeted at the specific causative bacteria are crucial for infection 
control. Additionally, supportive care may be necessary, includ-
ing blood pressure management and diuretics to reduce edema. 
In severe cases where kidney function is significantly impaired, 
dialysis may be required until kidney function recovers [5]. This 
narrative review aims to provide a comprehensive overview of 
non-streptococcal bacteria as the leading cause of infection-relat-
ed glomerulonephritis in adults. This review synthesizes current 
knowledge on the epidemiology, etiology/pathogenesis, clinical 
presentation, diagnosis, and treatment of this condition to offer a 
comprehensive and up-to-date perspective.

Epidemiology                

The incidence of IRGN in children and adults in industrialized 
and developing countries has decreased over the past 5 decades. 
This trend is likely due to improvements in living conditions, early 
and effective use of antibiotics, and the increasing practice of wa-
ter fluoridation, which attenuates the expression of Streptococ-
cus pyogenes virulence factors. Based on a review of 11 popula-
tion-based studies published between 1988 and 2000, Carapetis 
et al.8 estimated the incidence of IRGN in adults at 2 and 0.3 cases 

per 100,000 person-years in developing and developed countries, 
respectively, compared with 24.3 and 6 cases per 100,000 per-
son-years in children [7].   

The global burden of IRGN in adults was 68,000 per year. The 
true incidence is likely much higher as epidemiologic studies in-
cluded only symptomatic patients, and it is known that subclin-
ical IRGN is at least four times more common than clinically ev-
ident disease. Haas reported incidental ultrastructural evidence 
of largely healed or resolved IRGN in 10.5% of renal biopsies 
(including 22% of biopsies with diabetic nephropathy with no 
other immune-mediated glomerular disease). The renal biopsy 
incidence of adult IRGN in developed countries ranges from 0.6 to 
4.6%,11-13 which is lower than that of adult IgA nephropathy, fo-
cal segmental glomerulosclerosis, membranous glomerulopathy, 
and membranoproliferative glomerulonephritis [7]. Furthermore, 
an increasing number of adult cases have been observed in alco-
holics, diabetics, and intravenous drug abusers [8].

Etiology and Pathogenesis

Historically, post-infectious glomerulonephritis has been char-
acterized as arising from streptococcal infections, especially after 
episodes of pharyngitis or skin infections, being more prevalent 
in the pediatric population [9]. However, the etiological landscape 
of the disease has evolved, especially in adults and the contexts of 
developed countries. While the Streptococcus and Staphylococcus 
genera remain the primary identified pathogens, there has been 
a particular surge in Staphylococcus, especially MRSA (Methicil-
lin-resistant Staphylococcus aureus). Its emergence has led to 
this pathogen becoming as prevalent as Streptococcus in the eti-
ology of glomerulonephritis in certain regions [10,11]. Further-
more, the etiological spectrum has diversified even more in recent 
years. The involvement of other bacteria, both Gram-positive and 
Gram-negative, in the disease has been evidenced. Examples of 
these microorganisms include Propionibacterium acnes, Neisse-
ria gonorrhoeae, and Escherichia coli, among others, expanding 
the range of potential infectious causes associated [12]. An over-
view of most common bacteria involved in IRGN is depicted in Ta-
ble 1. It’s crucial to highlight that in the adult population, there 
are times when the underlying infection does not show evident 
clinical symptoms. In these cases, the infection is often discovered 
only after the diagnosis of glomerulonephritis, underscoring the 
importance of considering it in the differential diagnosis, even in 
the absence of apparent infectious symptoms [11].

Infection-associated glomerulonephritis (GN) is believed to 
result from glomerular injuries mediated by the immune system 
following systemic infections. Although the exact mechanisms 
are not precise, it is suggested that bacterial proteins contribute 
to the formation of immune complexes in circulation that later 
deposit in the glomerulus, causing inflammation and capillary 
damage. This accumulation can activate complement pathways, 
release chemotactic factors, and produce other harmful immune 
mediators. Various mechanisms are proposed for forming these 
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immune complexes in the kidney, such as molecular mimicry be-
tween bacterial antigens and glomerular proteins. An illustration 

of the pathogenesis of infection-related glomerulonephritis in 
adults can be found in Figure 1.

Table 1: Bacteria responsible for adult IRGN.

Type Subtype

Gram-positive cocci

Staphylococcus S. aureus, MRSA, MSSA, S. epidermidis, S. hemolyticus

Streptococcus S. pyogenes, S. viridians, S. mutans, S. zooepidemicus, S. bovis, S. pneumoniae, Enterococcus

Gram-negative cocci

Neisseria N. flava, N. meningitidis

Gram-negative rods
Escherichia coli, Yersinia enterocolitica, Pseudomonas aeruginosa, Hemophilus influenzae, Salmonella 
enteritidis, Campylobacter jejuni, Klebsiella pneumoniae, Serratia marcescens, Enterobacter cloacae, 

Proteus mirabilis, Brucella, Legionella pneumophila, Acinetobacter baumannii, Capnocytophaga, Coxiel-
la burnetii, Bartonella henselae

Gram-positive rods

Propionibacterium acnes

Corynebacterium C. diphtheriae, C. bovis

Not readily Gram stained

Mycobacterium M. tuberculosis, M. avium, M. leprae

Mycoplasma pneumonia, Chlamydia pneumonia, Treponema pallidum, Borrelia burgdorferi

Fewer studies have been conducted on staphylococcal-associ-
ated glomerulonephritis (SAGN). It is suggested that staphylococ-
cal enterotoxins act as superantigens that activate large subsets of 
T cells, causing a cytokine storm. It has also been proposed that 
SAGN might be related to the over-activation of neutrophils and 
the formation of neutrophil extracellular traps. However, not all 
patients with infections develop GN, indicating that factors like 
the host-pathogen interaction and individualized immune re-
sponse are crucial. Lastly, certain genetic variations in the HLA 
region might influence susceptibility to infections and SAGN [12].

Clinical Features

Most often occurring cases had been reported in Caucasians, 
Asians, Hispanics, and Native Americans. In the United States, 
men are more likely than women to develop type 2 diabetes; nev-
ertheless, drinking is the leading risk factor in Europe. Contrary 
to infantile streptococcal infections, non-streptococcal infections 
are more prevalent in adults. Among the most common clinical 
features, non-streptococcal infections can manifest hematuria, 
proteinuria, edema, hypertension, and impaired renal function, all 
symptoms of acute nephritic syndrome. Hypertension is prevalent 
in 60–84% of patients, and the risk rises with age. Due to water 
and sodium retention, the edema can be present in two-thirds of 
adult patients. From 1 to >3 g of protein per day, proteinuria might 

potentially result in nephrotic syndrome. The patients may have 
leukocyturia, microhematuria, or extensive hematuria. 

When a patient first presents, their blood creatinine level is 
raised. However, it might be more significant in older patients 
than younger individuals and higher in those with a history of di-
abetic glomerulosclerosis. The low C3 and C4 complement can be 
restored to normal within two months of the presentation [13]. 

Diagnosis 

No pathognomonic clinical or pathological manifestations 
exist for infection-associated glomerulonephritis [14]. However, 
in one study, at least 3 of the following were used as inclusion 
criteria: 1) clinical or laboratory evidence of infection preced-
ing the onset of glomerulonephritis (GN); 2) depressed serum 
complement; 3) endocapillary proliferative and exudative GN on 
light microscopy (LM); 4) C3-dominant or codominant glomeru-
lar staining on immunofluorescence (IF); and 5) ‘‘hump-shaped’’ 
subepithelial deposits on electron microscopy (EM). Among 
these, 37.2% met 5/5 criteria, 40.7% 4/5 criteria, and 22.1% 
3/5 criteria [15]. Unlike post-streptococcal glomerulonephritis 
(PSGN), where there is no need for biopsy unless some specific 
indications are present [16]. In most cases of non-streptococcal 
postinfectious glomerulonephritis (NSGN), biopsy is necessary to 
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confirm the diagnosis and exclude other forms of GN [1], especial-
ly in cases of atypical postinfectious GN, defined by 1) persistent 
hematuria and proteinuria, with or without a history of preceding 
infection; 2) renal biopsy showing features of postinfectious GN 3) 
abnormalities of the alternative pathway of complement. This is 

because it may be associated with abnormalities in the alternative 
complement pathway [17]. A biopsy can be deferred in those with 
a clear history of previous or concurrent bacterial infection and 
low C3 complement level with spontaneous resolution of signs 
and symptoms [14].

Figure 1: Pathogenesis of adult infection-related glomerulonephritis.

Differential diagnosis

The differential diagnosis of Non-Streptococcal PSGN involves 
considering various other kidney diseases and conditions that 
share clinical features, histopathological findings, and labora-
tory abnormalities. This complex diagnostic process requires a 
comprehensive evaluation, often relying on clinical presentation, 
medical history, serological tests, imaging studies, and renal biop-
sy results [18-22].

Acute Postinfectious Glomerulonephritis (APIGN)

Distinguishing between Non-Streptococcal PSGN and APIGN, 
commonly caused by Streptococcus infections, is crucial due 
to their similar clinical presentations. A thorough review of the 
patient’s medical history and microbiological data is essential in 
making this distinction [23].

IgA Nephropathy (IgAN)

IgAN is a common form of glomerulonephritis characterized 
by the deposition of IgA antibodies in the glomeruli. It can share 
clinical features with PSGN, such as hematuria and proteinuria, 
making renal biopsy and immunofluorescence analysis vital for 
differentiation [24,25].

Lupus Nephritis

Systemic Lupus Erythematosus (SLE) can present with renal 
involvement, known as lupus nephritis. It may mimic PSGN clin-
ically, but a detailed autoimmune panel and serological markers 
specific to SLE help distinguish the two conditions [25].

Henoch-Schönlein Purpura (HSP) Nephritis

HSP is a systemic vasculitis associated with kidney IgA depo-
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sition. Clinically, it can resemble PSGN, especially in children. A 
skin biopsy and clinical history may aid in the diagnosis [26].

Membranoproliferative Glomerulonephritis (MPGN) 

MPGN can manifest as hematuria, proteinuria, and hyperten-
sion, overlapping with PSGN. Renal biopsy with electron micros-
copy is crucial in establishing the diagnosis of MPGN [27].

IgM Nephropathy

IgM nephropathy is characterized by IgM deposition in the 
glomeruli. It can share clinical features with PSGN, necessitating 
renal biopsy and immunofluorescence studies for differentiation 
[21,28].

C3 Glomerulopathy

Disorders within the C3 glomerulopathy spectrum, including 
Dense Deposit Disease (DDD) and C3 Glomerulonephritis, can 
present similar clinical and histopathological features to PSGN. 
Specialized complement pathway tests are crucial for differenti-
ation [29].

Postinfectious Glomerulonephritis with Streptococcus

 Although PSGN primarily arises from non-Streptococcal in-
fections, distinguishing it from Streptococcal PSGN is essential. 
Streptococcal serology and microbiological data can help differ-
entiate the two [27,29].

Minimal Change Disease (MCD)

 MCD is a nephrotic syndrome characterized by proteinuria 
and normal renal histology under light microscopy. It can some-
times present with hematuria, potentially mimicking PSGN. Renal 
biopsy with electron microscopy helps distinguish the two condi-
tions [28].

Focal Segmental Glomerulosclerosis (FSGS)

FSGS is a cause of nephrotic syndrome and can occasionally 
present with hematuria, leading to diagnostic challenges. A renal 
biopsy is necessary to differentiate between PSGN and FSGS [22-
24].

Infection-Associated Glomerulonephritis

Various viral and bacterial infections can lead to glomerulone-
phritis. Distinguishing between these infectious causes and PSGN 
requires a detailed clinical evaluation and serological testing to 
identify the causative pathogen [25,29].

As a result, the differential diagnosis of Non-Streptococcal 
Postinfectious Glomerulonephritis involves considering a wide 
range of kidney diseases and conditions that share clinical fea-
tures, histopathological findings, and laboratory abnormalities. 
A multidisciplinary approach, including clinical evaluation, sero-
logical tests, imaging studies, and renal biopsy, is essential for ac-
curately diagnosing and differentiating Non-Streptococcal PSGN 

from these various entities, ensuring appropriate management 
and treatment strategies tailored to the specific underlying con-
dition.

Treatment 

Most cases of Non-Streptococcal postinfectious glomerulone-
phritis (NSGN) have proven to be self-limiting, and its manage-
ment revolves around controlling fluid overload and stabilizing 
changes in blood pressure. Treatment does not reverse the dis-
ease but prevents further progression to permanent damage and 
chronic kidney disease [30]. Supportive care is treated with loop 
diuretics, as well as dietary salt restriction (<2g/day) and fluid 
restriction (<2 L/day). Antihypertensive therapy is indicated for 
patients with persistent elevated proteinuria and hypertension 
refractory to supportive management [31]. These include drugs 
that modulate the Renin-Angiotensin-Aldosterone system, such 
as Angiotensin-converting enzyme inhibitors (ACE inhibitors) or 
Angiotensin receptor blockers (ARB). ACE inhibitors and ARBs 
should be avoided in patients with proven rapidly progressive 
acute renal failure, given the risk of exacerbating its advancement 
and potential hyperkalemia [30,31]. Antibiotic therapy is oriented 
at detecting the causal agent and eradicating such infections. Most 
adult patients present with active infection, and the antibiotic 
should be selected according to bacterial sensitivity [31].

Immunosuppressive therapy, such as corticosteroids, azathio-
prine, cyclophosphamide, and rituximab, have been demonstrat-
ed in various studies to be minimally effective in treating NSGN in 
adults given most patients present in an active state of infection 
and/or have adjacent immunosuppressive comorbidities such as 
type II Diabetes Mellitus [31]. Although the pathogenesis of the 
disease involves the immune system as a mediator and partial 
causative agent, the potential risks outweigh the limited benefit 
as a probable therapy. They should only be considered in cases 
refractory to other measures [31,33]. Vulnerable patients, such as 
the elderly or those with indications for dialysis, a severe decline 
in glomerular filtration rate (GFR), acute renal failure, or hyper-
tensive crisis, should be hospitalized to monitor blood pressure, 
electrolyte and metabolic panel, urinalysis, and complement lev-
els [31-33].

Prognosis & Outcomes          

Both the prognosis and outcomes of Non-Streptococcal Post-
infectious Glomerulonephritis (PSGN) can vary depending on 
several factors, including the underlying causative infection, the 
promptness of diagnosis and treatment, and individual patient 
characteristics. This condition is relatively rare, and limited re-
search explicitly addresses its prognosis. However, drawing from 
general principles of glomerulonephritis and related conditions, 
we can provide insights into its potential course and outcomes. 
Non-Streptococcal PSGN encompasses a heterogeneous group 
of glomerular diseases triggered by various infections, such as 
staphylococcal, viral, or parasitic. The prognosis can vary widely 
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based on the type and severity of the underlying infection [34]. In 
some cases, especially when the underlying infection is adequate-
ly treated, Non-Streptococcal PSGN can resolve spontaneously, 
leading to complete recovery without long-term renal impairment 
[35].

Some patients may experience persistent proteinuria even 
after resolution of the acute phase, which could indicate ongo-
ing renal involvement. This may require long-term follow-up and 
monitoring [36]. In more severe cases or when diagnosis and 
treatment are delayed, Non-Streptococcal PSGN can progress to 
chronic kidney disease. Long-term inflammation and scarring 
of the glomeruli can impair renal function [36,37]. Renal biopsy 
plays a crucial role in assessing prognosis. The extent of glomer-
ular and interstitial damage and the presence of specific histo-
pathological findings can help predict the likelihood of recovery 
versus progression [38].

Certain risk factors, such as hypertension, older age, and se-
vere initial kidney dysfunction, may be associated with a poorer 
prognosis in glomerulonephritis. However, the specific impact on 
Non-Streptococcal PSGN is not well-documented [36,39]. If in-
dicated, the response to treatment, including antibiotics for the 
underlying infection and immunosuppressive therapy, can signifi-
cantly influence the outcome. Prompt and appropriate treatment 
is essential for improving the prognosis [40]. While Non-Strepto-
coccal PSGN is generally considered a one-time event, there have 
been rare reports of recurrence, particularly in cases associated 
with certain viral infections. Continuous monitoring may be nec-
essary in such instances [40,41]. 

Overall, the prognosis and outcomes of Non-Streptococcal 
PSGN are highly variable and depend on multiple factors, includ-
ing the type and severity of the underlying infection, the timeli-
ness of treatment, and the presence of risk factors. While some 
patients may experience complete resolution, others may face 
persistent proteinuria or even progress to chronic kidney disease. 
Regular follow-up monitoring and appropriate management of 
the underlying infection and glomerulonephritis are crucial to 
optimize patient outcomes [42]. It is important to note that spe-
cific studies or clinical guidelines addressing Non-Streptococcal 
PSGN may be limited, and the information provided here is based 
on general principles of glomerulonephritis and kidney disease 
management. Therefore, individual patient prognoses should be 
determined through careful clinical evaluation considering the 
unique circumstances of each case.

Conclusion                 

Infection-related glomerulonephritis (IRGN) is a kidney dis-
order characterized by glomerular inflammation resulting from 
infections originating elsewhere in the body. While traditionally 
associated with streptococcal infections, recent data indicate a 
significant shift towards non-streptococcal bacterial infections, 

including staphylococcal and Escherichia coli (E. coli) infections, 
emerging as substantial contributors to IRGN among adults in the 
United States. The prevalence of this shift may exhibit temporal 
and geographical variations, highlighting the evolving landscape 
of IRGN epidemiology. The management of non-streptococcal bac-
terial IRGN focuses on two key aspects: addressing the underlying 
infection with targeted antibiotics and managing kidney inflam-
mation. Additionally, patients may require supportive care, in-
cluding meticulous blood pressure control and managing compli-
cations associated with kidney dysfunction. Timely diagnosis and 
prompt intervention are pivotal in enhancing patient outcomes in 
this evolving IRGN landscape among adults. This evolving epide-
miological trend underscores the importance of staying vigilant 
in diagnosing and managing IRGN as it continues to present chal-
lenges and opportunities for improved patient care.
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