


Box 1. Proposed Momenclature for Glomerulonaphritis Associated With Infection

Postinfectious GN
Criteria
s Tha GN is precaded by an infection that resolves or is resolving with or without antimicrobial therapy
« A latent period of a few days 1o 4 weeks follows in which thera is no clinical evidence of GN
+ The [atent period ends with the acute onsat of GN
Causa
+ Poststreptococcal GN is the only well-documented cause of postinfectious GN (see text)

Infection-Related GN
Critena
+ The Infaction is maechanistically related to the GN (see Table 1)
« The GN is a manifestation of an ongoing infection (ie, it is not a postinfectious GN)
Cause
s Theara are many different bacterial, viral, fungal, and parasitic infections that can cause infection-related GN (sea taxt)

Comment: “Poststaphylococcal GN® is not a postinfectious GN. It is the resull of an ongoing infection (there i no latent pariod). It
has bean suggestad that postinfectious GN means that the infection preceded tha GN. That would be logical only if there was a
form of GN that precedes infection (preinfectious GM), which, of course, there is nol. See laxt for additional arguments that
“poststaphylococeal infection” is a misnomer.

Thus, poststaphylococcal GN should be referred to as staphylococcus-related GN.

Abbreviation: GN, glomerulonaphritis.
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Table 1. Overview of Infection-Related Glomerulonephritis According to Clinical Features and Glomerular Histology

Infection
GN Type Duration Type Onset of GN*
lgA nephropathy (acute flare of the Faw days Typically viral pharyngitis or upper 1-3d
gstablished GN) respiratory tract infection
C3 naphritis (acute flare of establizhed  Few days Typically viral pharyngitis or upper 1-3d
GN) respiratory tract infection

Poststreptococcal GN (de nova GN) 110 afew weeks  [l-Hemaolytic streplococcus pharyngitis,

sinusitis, otitis media, cellulitis, or

other sites
Staphylococcus-related GN (de nove  Weeks Callulitis in an ischemic axtramity,
GN) osteomyelitis, endocarditis, and
other sites
Other forms of de novo GN during Weeks to months  Many different sites

subacule 1o chronic bacterial, viral,
fungal, or parasitic infection

A few days to 4 wk (after
resolution of infection

and onset of GN)
Weaks 1o months

Weaaks 1o months

Nota: Mos!t forms of bacterial infaction—related GN are proliferative immune complex-mediated GN. However, the GN associated
with chronic viral, fungal or parasitic infection is often a membranous nephropathy. Also, some of the proliferative GNs associalad with

subacute infection are pauci immune (no evidence of glomerular antibody or immune complex depasition).™

Abbrevialions: GN, glomerulonaphritis; IgA, immunoglobulin A.
“After the onset of infaction.



Bacterial infections and glomerulonephritis
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Post-infectious /post- Glomerulonephritis with active ongoing
streptococcal infection
glomerulonephritis /\
“Post” — after infection resolves Stanhvl et N
with or without anti-microbial apny n:::::;t:ndec 107} Glomerulonephritis
with other persistent
treatment alomerulonephritis : .
v 1A infections

Latent period of 1 to 4 weeks (usually Ig
with normal state of health cndnm_mant or - Endocarditis

dominant)
Acute onset of - Deep seated abscesses

glomerulonephritis - Shunt nephritis




Post-streptococcal versus SIAGN

'

Post-infectious /post-streptococcal
glomerulonephritis

“Post” — after infection resolves with or
without anti-microbial treatment

Latent period of 1 to 4 weeks with normal
state of health

Acute onset of glomerulonephritis, usually
supportive treatment; sometimes steroid
treatment may help.

Biopsy:
LM: Proliferative GN

IF: C3 dominant granular deposits with or
without IgG

EM: subepithelial humps, some mesangial
deposits

.

Staphylococcus infection associated
glomerulonephritis (lgA dominant)

Infection is active and ongoing when the
glomerulonephritis develops

Therapy: Antibiotics, sometimes requires
amputation or debridement of infected
area. Avoid steroids!

Glomerulonephritis will resolve after
infection is treated, provided underlying
chronic kidney injury is not severe.

Biopsy:

LM: Variable degree (frequently mild) of
glomerular proliferative changes;

IF: C3 and IlgA dominant deposits.

EM mesangial and glomerular capillary
deposits, sometimes humps




Common associations with SIAGN

Predisposing Co-

morbidities

1. Diabetes Mellitus

2. Post-surgery

3. Post-trauma

4. Prosthetic heart valves
5. Intravenous drug use
6. Hepatitis C

7. Underlying malignancy

Sites of Infection

. Diabetic foot ulcers

. Cellulitis

. Pneumonia

. Endocarditis

. Infected surgical sites

. Osteomyelitis.
. Visceral abscess
. Septic arthritis

. Infected pace-maker, heart
valves, indwelling catheters, iv
lines

10. Infected abdominal mesh
11. Dental infection

12. Amputated limbs in diabetic
patients

Lo A, WNR
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Clomerulonephritis Related to Staphylococcal Infection

TABLE 1. Demographic and Clinical Features of Patients with Stophplococcus Infection-associated Glomerulonephritis

Mo. of patients
Sex (MF)
Age, years, mean &+ 5D

Region ( Asians/Americans/others), fraction of patients, %o

Proteinuna, fraction of patients, %
Proteinuna, g/24h, mean £ 5D

83
6419
58+ 17 (13—90)
A1/4002 (49 4/48.2/2 4)
TR/R3 (94)
3.85 £ 34dg/d (0.15-15 g/d)

Hematuria, fraction of patients, % R2/B3 (9E.E)

AKI at presentation, fraction of patients, %o T5/83 (90.4)

Scr at onset, mg/dL, mean + SD 22942 16 mg/dL, (0.50—-990 mg/dL)
Peak Scr, mg/dL, mean + SD» 5674+ 323 mg/dl, (1.30-1229 mg/dl)
Hypocomplementemia, fraction of patients, %o 45/83 (54.2)
Hypertension, fraction of patients, %o 15/83 (18.1)

DM, fraction of patients, %o 2OVE3 (24.1)

Heart diseases, fraction of patients, %4 18/83 (21.7)

Malignancy, fraction of patients. %4 1483 (16.9)

Cultures: MRS ADMMSSASSE Streptococous) 55217473 (66325 3/4 Bi3.6)

0
Yo

fraction of patients,
Origin of infection: visceral abscess/skin infection/
joint infection/respiratory infection/blood/
genitounnary system/digestive system/unknown,
fraction of patients, ?

2624208/ T3N2 (31.328.9/14.59.6/8 4/3.6/1.2/2.4)

Fy ]

Therapy: antibiotics alone/antibiotics plus steroids A45/14/420 (534 271694 524 1)
or immunosuppressants/steroids or
Immunosuppressants/unknown
{fraction of patients, %)

Outcomes: RPRIDVESRDVdeath/unknown, (fraction of patients, %a) I 15120 (43 4018 17229014571 2)

AKl = gcute kidney injury, D3 = diabetes mellitus, ESRED = end-stage renal disease, F =female, B = male, MESA = methicillin-resistant
Sraphwviocoecus arereiy, MESA = methicilhin-sensitive Stapliviocoocies aureis, PRD = persistent renal dysfunction, B = remission, Scr = semim
creatimine, S0 = standard deviation, SE = Stapfivlococoies epide roidis,
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Figure 4. Hypothesis of pathogenesis in SAGN with IgA-dominant deposition. Staphylococcal
enterotoxins produced by S. aureus bind to specific TCR-VS on T cells and the outer part of the MHC
molecules without being processed. Bacterial superantigens lead the MHC-unrestricted huge T-cell
activation. The subsequent excessive release of cytokines activates not only T cells but also B cells;
the polyclonal immunoglobulin production leads to the formation of immune complexes, resulting in
the onset of SAGN. S. aureus—Staphylococcus aureus.
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ight Microscopy
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Morphology of SIAGN
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Immunofluorescence: IgA of variable intensity. C3
usually bright
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Mild mesangial IgA Moderate mesangial TQ'A

Prominent mesangial IgA C3 staining




had subepithelial hump-like deposits {a) (arrowhead) and 1 patient (patient #2) had abundant subendothelial deposits with segmental duplication
of the glomerular basement membrane (b; arrow). One patient (patient #3) had prominent intraluminal deposits on the sample for electron mi-
croscopy (c), and one (patient #4) demonstrated large subendothelial deposits corresponding to wireloop deposits on light microscopy (d).

1132 Kidney International Reports (2018) 3, 1128-1134




Electron microscopy
“Humps” may or may not be seen.

Mesangial deposits Subendothelial deposits Subepithelial “humps”
(always present) (sometimes large) (24% of cases at OSU)

Based on morpholo alone, differentiating SIAGN from
IgA nephropathy is difficult




Clinical

nephropathy

Differential diagnosis of SIAGN and IgA

Patient Characteristic

SIAGN

Primary IgA nephropathy

Age

Usually older (50-80 years)

Usually younger (20-30 years)

History of infection

antecedent or coexistent

Occasionally (30 to 40% after URI)

Latent period

Several weeks, ongoing infection

May be “Synpharyngitic” 1 to 2
days

Microbes

Staphylococcus, about 70% MRSA

May be bacterial or viral

Site of infection

Skin infection, infected leg ulcers in
diabetic patients, deep —seated
abscesses, post-surgical infections

Upper respiratory tract infections
(URI)

Gross hematuria at
presentation

50 to 60% of cases

A40% (more frequent in children)

Proteinuria

Frequently nephrotic range

Usually mild <1 g/24 hours

Serum complement Mormal or low end of normal range Normal
Acute kidney injury Common Uncommon
Common (diabetes, drug addiction,
Comorbidities ( & Uncommon

chronic devastating diseases, obesity)




Morphologic Differential Diagnosis of IgA Nephropathy and SIAGN

LM Mesangial Hypercellularity

Endocapillary Hypercellularity

Crescents
IF IgA
c3
C1lq
lgG
EmMM Mesangial Deposits
Subendothelial Deposits

Subepithelial "Humps™

IgAN
0-3+

Q-2+
0-2+
2-3+

0-2+

SIAGN
0-3+

1-3+ (rarely absent)

Unreliable: Renal biopsy findings are quite similar




Rash - Palpable
Purpura




Comparison of idiopathic HSP and Staphylococcus infection associated glomerulonephritis presenting with HSP-like

symptoms.
Ildiopathic Henoch-Schonlein HSP-like presentation in Staphylococcus infection
Purpura (HSP) associated glomerulonephritis
Age Predominantly affecting children, Predominantly affects the elderdy population
uncommon in adults
Other Mo other co-morbid conditions seen Patients commonly diabetic, havwe post-surgical wound

associated co-
morbidities

complications, alcoholic, history of malignancy, endocarditis,
intravenous catheters.

Associated
infections

May havwe recent history of upper
respiratory tract infection (bacterial or
viral), but usually cleared before onset of
HSP vasculitis.

Ongoing infections such as infected diabetic ulcers, infected
surgical sites or trauma wounds, endocarditis, pneumonia, visceral
abscess, infected intravenous catheters. Infection may be
undiagnosed before the onset of ARF. Usually methicillin resistant
or sensitive Staphylococcus aureus (MRSA/MSSA), mixed
bacterial infections.

Findings on
skin biopsy

Leukocytoclastic vasculitis with mild IgA
deposits

Leukocytoclastic vasculitis with mild IgA deposits

Findings on
kidney biopsy

Focal or diffuse mesangial and
intracapillary proliferative
glomerulonephritis with or without
crescents. Mesangial IgA, C3

Focal or diffuse mesangial and intracapillary proliferative
glomerulonephritis with or without crescents. Crescents are
usually small and segmental. Mesangial IgA and C3 with/without
mild IgG.

Therapy Supportive management in children. Active treatment of the infection. Immunosuppression should be
Glucocorticoid treatment only if needed |awided.
for persistent renal dysfunction.

Outcome In children, usually self-limited disease |Usually poor renal outcome.

and favorable renal outcome. In adults,
renal outcome can be poor.

Satoskar A et al: Clin Nephrol 79:302-312, 2013




HSP-like presentation in an
elderly or adult
Always consider underlying

staphylococcus infection before
starting immunosuppression



If you have a patient with AKI, heavy proteinuria, hematuria

and some evidence of infection (other than upper respiratory
tract) and particularly if the patient has comorbidities, such as

diabetes, morbid obesity, cancer, etc. and the renal biopsy
diagnosis is IgA nephropathy, seriously consider
staphylococcus infection in the background







