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Acute glomerulonephritis (AGN) triggered by infection is still one of the major causes of acute kidney injury. During

the previous two decades, there has been a major paradigm shift in the epidemiology of AGN. The incidence of

poststreptococcal acute glomerulonephritis (PSAGN), which develops after the cure of group A Streptococcus

infection in children has decreased, whereas adult AGN cases have been increasing, and those associated with

nonstreptococcal infections, particularly infections by Staphylococcus, are now as common as PSAGN.
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1. Introduction

Acute kidney injury (AKI) has been increasing in the previous few decades and has recently been recognized as an

important cause of chronic kidney disease (CKD), which may progress to end stage renal disease (ESRD) .

However, the precise mechanism of the transition from AKI to CKD remains obscure and is a matter of great

concern.

Acute glomerulonephritis (AGN) triggered by infection is still one of the major causes of AKI. During the past

century, poststreptococcal acute glomerulonephritis (PSAGN) that develops after the cure of group A

Streptococcus (GAS) infection after a distinct latent period in children comprised the majority of AGN cases .

However, during the previous two decades, there has been a major paradigm shift in the epidemiology of AGN.

Probably owing to the improvement in living environments and the adequate use of antibiotics, the incidence of

PSAGN has decreased, particularly in developed countries. On the other hand, adult AGN cases have been

increasing, and those associated with nonstreptococcal infections, particularly infection of Staphylococcus, are now

as common as PSAGN. Furthermore, in adult AGN patients, particularly older patients with comorbidities,

infections are usually ongoing at the time when glomerulonephritis is diagnosed. This is why the term “infection-

related glomerulonephritis (IRGN)” has recently been more commonly used instead of “post-infectious AGN” .

Notably, whereas most PSAGN in children resolve without any specific treatment, the prognosis of adult IRGN is

poor, and older patients, particularly those with immunocompromised backgrounds, such as diabetes mellitus,

malignancies, or alcoholism, are reported to be at high risk .

Thus, typical PSAGN in children is considered as a benign disease with a favorable prognosis that completely

resolves without progression, in contrast to IRGN in adults, which often progresses into chronicity with an
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unfavorable renal prognosis. However, a long-term epidemiological study demonstrated that an episode of PSAGN

in childhood is a strong risk factor for CKD and ESRD in adulthood, even after the complete remission of PSAGN

. Although the precise mechanism of the transition from AGN to CKD remains unknown, understanding

it is important as it is expected to lead to the prevention of CKD and ESRD.

In this review, we therefore focus primarily on the possible factors that may contribute to the progression of IRGN,

which is a major cause of AKI, into CKD. As summarized in Table 1 and Figure 1, the following four factors are

listed and discussed: 1. persistent infection, 2. genetic background of the host’s complement system, 3.

tubulointerstitial changes, and 4. pre-existing histological damage due to old age and comorbidities. Among these

factors, 2 of them (1 and 2) are associated with the pathogenic mechanism of IRGN, whereas the other 2 factors (3

and 4) are independent of IRGN itself.

Figure 1. Summary of the concept of this review. Induction of IRGN and its outcome are summarized. IRGN may

cure completely or may progress into CKD. Four factors that may contribute to the progression of IRGN into CKD

are depicted. Solid arrow indicates the main flow of induction of IRGN and its outcome. While dotted arrow indicate

the flow of patients with pre-existing comorbidities (Factor 4). NAPlr: nephritis-associated plasmin receptor; IRGN:

infection-related glomerulonephritis; PGN: proliferative glomerulonephritis; GN: glomerulonephritis; C activation:

complement activation; MPGN: membranoproliferative glomerulonephritis; MesPGN: mesangial proliferative

glomerulonephritis; T-I: tubulo-interstitial; C3-G: C3 glomerulopathy; PIGN: postinfectious glomerulonephritis; CKD:

chronic kidney disease.
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Table 1. Factors affecting the progression of infection-related glomerulonephritis to chronic kidney disease.

Factor Evaluation of the Involvement of
Each Factor (Biomarkers) Potential Intervention

1. Persistent infection
Histological staining for NAPlr and

plasmin activity 
Use of antimicrobial agents

Removal of indwelling device

2. Genetic background of the
host’s complement system 

Serum complement levels, histological
deposition of complement components,

genetic testing

Use of complement—
regulating medications (in the

future)

3. Tubulointerstitial changes Interstitial staining for α-SMA Not yet determined

4. Pre-existing renal histological
damage due to comorbidities Histopathological evaluation

Adequate treatment for
comorbidities, such as
hypertension and DM

NAPlr: nephritis-associated plasmin receptor; α-SMA: alpha-smooth muscle actin; DM: diabetes mellitus. Numbers

of related references are listed.
 

Some autoantibodies, such as the anti-neutrophil cytoplasmic antibody (ANCA), anti-nuclear antibody (ANA), anti-

dsDNA antibody, and anti-factor B antibody have been reported to be detected in patients with IRGN 

. Although these antibodies may contribute to the progression of IRGN, at present there is little data

regarding their significance on the prognosis of IRGN, and as their involvement remains controversial, we touched

on this point but did not list the antibodies as possible factors associated with IRGN.

Generally, clear evidence in this field is very scarce because no large prospective clinical studies have been

performed owing to the rarity of IRGN, and, furthermore, a reliable animal model has not been established to date,

partly owing to the differences in the infectiveness of pathogens among different species.

2. Persistent Infection as a Possible Cause of the
Progression of IRGN into CKD

The simplest reason for the persistence and progression of IRGN into CKD is the persistence of the causative

infection, resulting in the continuation of the pathogenic mechanism. In this setting, abnormalities in urinalysis,

serum complement levels, and inflammation (ESR and CRP levels) continue, leading to disease progression into

chronic glomerulonephritis. Many factors, such as the strain of pathogen (various bacteria and viruses), focus of

infection, and conditions of the host (immune competence, comorbidities, use of indwelling devices, etc.) may

affect the persistence of pathogens. In terms of bacterial strains, as described in the introduction, GAS infection

tends to occur more frequently in children and is usually completely cured before the onset of glomerulonephritis.

Glomerular histological analysis in such a condition usually shows the so-called acute change, i.e., prominent

endocapillary proliferation mainly by the accumulation of infiltrating cells . On the other hand, Staphylococcal
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IRGN mainly affects older adults who often have comorbidities, and the infection is ongoing when the

glomerulonephritis develops . Glomerular histological changes in such patients with ongoing infection may also

show endocapillary proliferative glomerulonephritis in the early phase of the disease course. However, as the

disease duration after the onset of glomerulonephritis becomes longer, glomerular changes appear to make a

gradual transition from endocapillary proliferative glomerulonephritis to membranoproliferative glomerulonephritis

(MPGN) or mesangial proliferative glomerulonephritis (MesPGN), probably through chronic glomerular endothelial

damage and gradual transition from the accumulation of infiltrating cells to the proliferation of mesangial cells.

Staphylococcal infections in older patients, particularly deep-seated infections, are frequently occult in nature and

are quite difficult to detect. Therefore, complicating glomerulonephritis tends to be detected in its chronic stages,

and histological analysis often shows a MPGN or MesPGN pattern with or without crescent formation and IgA

deposition. Typical examples of this condition have been reported in IRGN caused by infective endocarditis due to

Staphylococcus aureus and caused by ventriculoatrial shunt infections due to coagulase-negative Staphylococcus

epidermidis.

For assessment of the continuation of the pathogenic mechanism due to persistent infection, the identification of

histological biomarkers is desired. In this respect, nephritis-associated plasmin receptor (NAPlr) and associated

plasmin activity may be useful . NAPlr was originally isolated from the cytoplasmic fraction of GAS as a

candidate nephritogenic protein of PSAGN, and was found to be the same molecule as streptococcal

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) . Glomerular NAPlr deposition is frequently observed

by immunofluorescence staining in early stage PSAGN patients (Figure 2); all patients within two weeks of disease

onset are reported to show NAPlr deposition . The deposited NAPlr binds with plasmin and maintains its activity

by protecting it from physiological inhibitors, and is considered to cause glomerular damage directly by degrading

extracellular matrix proteins and indirectly by activating pro-matrix metalloproteases. Additionally, glomerular

plasmin activity can exert proinflammatory functions by activating and accumulating inflammatory cells .

Figure 2. Representative photomicrographs of the histological staining for C3, nephritis-associated plasmin

receptor (NAPlr), and plasmin activity in the glomeruli of a post-streptococcal acute glomerulonephritis (PSAGN)

patient. (A–C) Double immunofluorescence (IF) staining for NAPlr (fluorescein isothiocyanate, green) and

complement C3 (Alexa Fluor 594, red). Both NAPlr (A) and C3 (B) were positive in the glomeruli, but they generally

were not colocalized, as shown in the merged image (C). (D) Plasmin activity assessed by in situ zymography on a

serial section was found to be positive, and to have a similar distribution to the NAPlr staining in the glomeruli.

Details of all staining methods have been described previously .
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Recently, glomerular NAPlr deposition and associated plasmin activity were reported to be observed not only in

patients with PSAGN but also in those with other glomerular diseases, in whom preceding streptococcal infection

had been suggested . In fact, the preceding infection might be an infection other than GAS,

because the GAPDH of various bacteria show cross-immunoreactivity to the anti-NAPlr antibody, and

simultaneously show plasmin-binding function . From these results, NAPlr and associated plasmin activity

are presently considered as general biomarkers of IRGN . Positive glomerular staining of these markers usually

disappears within 30 days after the onset of PSAGN . However, the prolonged positive glomerular staining of

these markers (for more than half a year) has been observed in some IRGN patients, suggesting persistent

infection and its pathogenic significance in these patients .

It is very important to shed light on the possible involvement of persistent infection in the pathogenic condition of

glomerulonephritis, because this factor is potentially modifiable. Using NAPlr and plasmin activity as biomarkers,

the pathogenic involvement of persistent infection can be detected. If these biomarkers are persistently positive,

the most important therapeutic strategy would be to eradicate the persistent and pathogenic infection, which may

result in blocking the transition of IRGN to CKD. Indeed, Noda et al. recently reported an interesting IRGN case

caused by asymptomatic sinusitis, which suggests the importance of detecting the hidden infection by histological

staining of NAPlr and plasmin activity. Eradication of the hidden but pathogenic infection in this patient resulted in

clinical remission of the disease (Figure 3) .

Figure 3. Photomicrographs of histological staining for C3, NAPlr, and plasmin activity in the glomeruli of a patient

with infection-related glomerulonephritis (IRGN) induced by asymptomatic sinusitis . Although the infection was

clinically inapparent, double IF staining for NAPlr (fluorescein isothiocyanate, green) and C3 (Alexa Fluor 594, red)

with nuclear staining for DAPI (blue) showed glomerular deposition of NAPlr and C3 (A). Furthermore, glomerular

plasmin activity assessed by in situ zymography on a serial section demonstrated a similar distribution as NAPlr

deposition, providing histological evidence for the substantial involvement of bacterial infection in the development

of glomerulonephritis (B).

The histological transition from endocapillary proliferative glomerulonephritis to MPGN is also observed in some

cases of viral IRGN. Indeed, we encountered a patient in which the first renal biopsy showed endocapillary

proliferative glomerulonephritis typical of AGN associated with parvovirus B19 (PVB19) infection, and in the second

biopsy, which was performed 4 years subsequently because of persistent proteinuria and prolonged low serum
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complement C3 level with positivity for the IgM antibody for PVB19 (persistent PVB19 infection), showed MPGN

with mesangial interposition and with thickening and double contours of the glomerular basement membrane

(GBM) . This case provides lines of evidence that the transition from acute endocapillary proliferative

glomerulonephritis to MPGN can actually occur during prolonged infection. 

3. Concluding Remarks

IRGN is still considered to be one of the major causes of AKI, and the transition from IRGN to CKD has constantly

been a focus of attention. We therefore summarized the possible factors contributing to it.

Regarding the persistence of infection, positive glomerular staining for NAPlr and associated plasmin activity can

be used as general histological markers. If they are persistently positive, eradication of the infection is the most

important therapeutic strategy to stop the transition of IRGN to CKD.

Understanding the possible involvement of the genetic background of the host’s complement system and pre-

existing comorbidities is also important, because both factors are potentially modifiable.

Regarding the tubulointerstitial changes, interstitial α-SMA staining was suggested to be useful for its assessment

in IRGN patients. However, the precise mechanism underlying the association of glomerular damage and

tubulointerstitial changes with α-SMA expression remain unknown. Furthermore, it is not known as to how

tubulointerstitial change can be modified, and this is an important matter for future investigation.
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