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Introduction: Staphylococcal infection–related glomerulonephritis (GN) has been shown to represent a

unique form of infection-related GN that contains IgA-dominant deposits and is often seen concurrently

with the bacterial infection. Biopsies commonly reveal an endocapillary proliferative and/or exudative or

mesangial proliferative GN. Rare cases have been reported to show cryoglobulin-like features, including

hyaline pseudothrombi and wireloop deposits; however, detailed characterization of these cases is

lacking.

Methods: The pathology archives from the University of Utah and Sharp Memorial Hospital were

reviewed from January 2016 to September 2017 in search of cases with GN containing IgA-dominant

deposits and features of cryoglobulinemia.

Results: Of 1965 native kidney biopsies, 5 showed IgA-dominant GN with cryoglobulinemic features. All

patients had active staphylococcal infections at the time of biopsy. All presented with acute kidney injury

(serum creatinine range: 1.7�6 mg/dl), and all had proteinuria and hematuria. All biopsies showed

exudative GN, and 4 biopsies had focal crescents. All had focally prominent hyaline pseudothrombi with or

without wireloop deposits, and all showed co-dominant staining for IgA and C3 on immunofluorescence

microscopy. Serologic testing for cryoglobulinemia was performed in 3 patients and was transiently

positive in 1 patient. Four patients required hemodialysis at last follow-up, whereas 1 patient returned to

baseline kidney function.

Conclusion: IgA-dominant GN with cryoglobulinemic features is an uncommon but severe form of

glomerular injury in patients with staphylococcal infections. Four of 5 patients had crescentic glomerular

injuries, all of whom required hemodialysis at last follow-up. Patients with IgA-dominant GN with features

of cryoglobulinemia should be evaluated for active staphylococcal infection.
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G
N related to bacterial infection has long been
recognized as a form of kidney injury, with early

descriptions of post-streptococcal GN dating back to
the 19th century.1 Although post-streptococcal disease
has represented the prototypical example of bacterial
infection-related GN, the past 2 decades have seen an
epidemiological shift in the underlying cause, morpho-
logic features, and therapeutic regimens for this
collection of diseases.2 In developed countries, staphy-
lococcal species have emerged as common etiologic
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agents in cases of bacterial infection-related GN
(IRGN) and are associated with distinct morphologic
features and clinical implications that differ from
classic postinfectious GN. GN associated with staphylo-
coccal infection shows deposits that stain in a dominant
or co-dominant fashion for IgA and the C3 component
of complement by immunofluorescence microscopy and
clinically occurs in the setting of an active infection.

During the last decade, an increasing body of liter-
ature has been amassed regarding the morphologic and
clinical features of staphylococcal IRGN. Although
diffuse proliferative and exudative GN is the most
commonly encountered pattern of glomerular injury,
less common injuries including GN with cry-
oglobulinemic features have been rarely reported.3,4

We present a clinicopathologic series of 5 patients
Kidney International Reports (2018) 3, 1128–1134
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with cryoglobulin-like GN with IgA-dominant
deposits, all of whom had an active Staphylococcus
aureus (S. aureus) infection at the time of biopsy.

MATERIALS AND METHODS

The pathology archives from the University of Utah (Salt
Lake City, UT) and Sharp Memorial Hospital (San Diego,
CA) were searched from January 2016 to September
2017. All cases were processed for standard light,
immunofluorescence, and electron microscopy. Cases
that showed GN with IgA-dominant deposits were
reviewed for descriptions of cryoglobulinemic features,
such as hyaline pseudothrombi and wireloop deposits.
Hyaline pseudothrombi were defined as intracapillary
plugs within glomeruli that were eosinophilic on
hematoxylin and eosin stain and stained strongly on
periodic acid Schiff, with pale to negative staining on
the Jones methenamine silver stain. Other features
included a homogenous appearance of the intracapillary
plug and a cleft between the intraluminal material and
capillary basement membrane. Wireloop deposits were
defined as segmental band-like hyaline thickening of
capillary loops with a staining pattern similar to that
described for hyaline pseudothrombi. After identifica-
tion of cases of IgA-dominant GNwith cryoglobulinemic
features, pathologic and clinical data were reviewed, as
was clinical follow-up, when available.

Reviewed clinical features included presence of an
underlying infection, serologic studies (including cry-
oglobulin studies, viral and/or autoimmune serologic
studies, and presence of a paraprotein), presence of
proteinuria and/or hematuria, and renal function.
Nephrotic-range proteinuria was defined as 3.5 g of
protein per day or a spot urine protein-to-creatinine
ratio of 3.5 g/g.

RESULTS

Biopsy Selection

During the study period, 1965 native kidney biopsies
were reviewed, 258 (13%) of which showed immune
complex deposition with IgA-dominant staining by
immunofluorescence microscopy. Of the biopsies with
IgA-dominant deposits, 5 showed hyaline pseudo-
thrombi with or without wireloop deposits on light
Table 1. Clinical features

Patient Age (yr)/sex Infection Cryoglobulin HCV

#1 33/F Bullous impetigo Negative Negative

#2 62/M MSSA/osteomyelitis, bacteremia Negative Positive

#3 75/M MSSA/foot ulcer Positive Negative

#4 63/F MSSA/epidural abscess, bacteremia N/A Negative

#5 61/M MSSA/diabetic foot, bacteremia N/A N/A

CS, corticosteroids; HCV, hepatitis C virus; HD, hemodialysis; MSSA, methicillin-susceptible St

Kidney International Reports (2018) 3, 1128–1134
microscopy. These 5 biopsies represented 0.25% of all
native kidney biopsies during the study period and
1.9% of biopsies with IgA-dominant deposits.
Clinical Features at Presentation

All 5 patients with IgA-dominant deposits and cry-
oglobulinemic features had active bacterial infections
with S aureus at the time of biopsy. Clinical charac-
teristics of these patients are detailed in Table 1. Three
patients were men, and 4 were older than 60 years of
age. All 5 patients presented with acute kidney injury
(serum creatinine range: 1.7�6 mg/dl), 1 of whom was
anuric (patient #3). Proteinuria and hematuria was
present in all 4 patients making urine. Degree of pro-
teinuria was quantified in 2 patients and was in the
nephrotic range in 1 patient (patient #2). Three pa-
tients required hemodialysis at presentation (patients
#1, 3, and 5). Patient #5 had underlying diabetes
mellitus, and patient #4 had a history of rheumatoid
arthritis being treated with methotrexate. Two patients
(patients #3 and 5) had leg ulcers as the primary site of
infection. Two patients had deep seated infections,
including 1 patient with vertebral osteomyelitis
(patient #2) and 1 patient with an epidural abscess
adjacent to the lumbar spine (patient #4). Patient #1
presented with bullous impetigo. Three patients
(patients #2, 4, and 5) had bacteremia. Bacterial cul-
tures were available for 4 patients, all of which grew
methicillin-susceptible S aureus (MSSA). The patient
with bullous impetigo was presumed to have a S aureus
infection. Serologic testing for cryoglobulins was per-
formed in 3 patients and was initially positive in
patient #3 with cryoprecipitate composed of IgA
(4 mg/dl; reference: 0 mg/dl), IgG (4 mg/dl; reference:
0 mg/dl), and IgM (5 mg/dl; reference: 0 mg/dl). Serum
protein electrophoresis (SPEP) with immunofixation
electrophoresis concurrent with the positive cry-
oglobulin assay was suggestive of monotypic IgA-l;
however, repeat testing upon hospital transfer was
negative for both cryoglobulins and paraprotein. SPEP
was performed on 3 additional patients (patients #2, 4,
and 5), all of whom showed a polyclonal increase in IgA
without monoclonal proteins. Complement C3 levels
were low to borderline low in all 4 patients with
C3 (mg/dl)
Presenting
SCr (mg/dl) Treatment

Follow-up
time (mo) Outcome

N/A 3.7 Antibiotic þ CS 1 HD

83 4.3 Antibiotic þ CS 3 HD

41 4 Antibiotic 9 HD

60 1.7 Antibiotic 2 SCr: 0.75 mg/dl

85 6 Antibiotic 6 HD/Expired

aphylococcus aureus; SCr, serum creatinine.

1129



CLINICAL RESEARCH MA Khalighi et al.: Staphylococcal GN With Cryoglobulinemic Features
available results (range: 41�85 mg/dl; reference range:
88�201 mg/dl), and C4 levels were normal in all tested
patients. Four patients had testing performed for hep-
atitis C virus (HCV), and 1 patient (patient #2) had
positive antibodies with elevated viral RNA of
3,000,000 IU/ml. Two patients underwent testing for
rheumatoid factor, which was negative in both.

Kidney Biopsy Findings

The pathologic features are summarized in Table 2.
Light microscopic evaluation revealed a mean of 25
glomeruli (range: 13�34). All biopsies showed prolif-
erative and exudative GN, which was diffuse in 4 pa-
tients and focal in 1 patient (patient #4). One biopsy
(patient #2) showed focal membranoproliferative
changes, including glomerular basement membrane
duplication. The biopsy for patient #5 showed a
background of moderately advanced diabetic glomer-
ulosclerosis with focal nodular mesangial expansion.
All biopsies showed focally prominent immune com-
plex deposition in the form of hyaline pseudothrombi
with or without wireloop deposits (Figure 1a�f). Hy-
aline pseudothrombi and/or wireloop lesions involved
a mean 22% of sampled glomeruli (range: 6%�58%).
Of note, cryoglobulinemic features were not identified
in any biopsies with noninfectious IgA-dominant GN
during the study period. Focal crescent formation was
identified in 4 biopsies, involving 23% to 46% of the
sampled glomeruli, and glomerular fibrinoid necrosis
was focally present in 3 biopsies, involving 6% to 29%
of sampled glomeruli. In comparison, 26 cases of IgA-
dominant IRGN without cryoglobulinemic features
were identified at the University of Utah and Sharp
Memorial Hospital during the study period, and cres-
cents were present in 10 (38%) biopsies. The degree of
global glomerular sclerosis was focal in all 5 cases
(range: 5%�40%). All cases showed at least focal
interstitial inflammation, and the degree of interstitial
fibrosis and tubular atrophy was moderate in 1 case
(patient #5) and minimal (<10%) in the remaining 4
cases. One biopsy (patient #5) showed moderate arte-
rial and arteriolar sclerosis, whereas the other 4 showed
no more than mild chronic vascular disease.
Table 2. Pathologic features
Patient LM injury Crescents/FN (%) Global sclerosis (%) HT/WL

#1 DPGN 23/0 8 58

#2 DPGN/MPGN 23/13 6 17

#3 DPGN 46/6 29 20

#4 FPGN 0/0 5 8

#5 DPGN 45/29 40 6

DPGN, diffuse proliferative glomerulonephritis; EM, electron microscopy; FN, fibrinoid necrosi
fluorescence; IF/TA, interstitial fibrosis and tubular atrophy; IL, intraluminal; IM, intramembran
nephritis; SEN, subendothelial; SEP, subepithelial; tr, trace (<1þ); WL, wire-loop deposits.
Minimal: <10% fibrosis and atrophy; moderate: 25% to 50% fibrosis and atrophy.
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By immunofluorescence microscopy, all biopsies
showed co-dominant staining of glomerular deposits
for IgA and C3 (Figure 2a-d). Judged on a scale of 0 to
3þ, 3 biopsies showed 3þ diffuse coarse granular
capillary wall and mesangial staining for IgA, whereas
2 biopsies showed 2þ staining. All 5 biopsies demon-
strated 3þ staining for C3 in a similar distribution.
Mesangial and segmental capillary wall staining for
IgM was present in lesser levels in all biopsies (trace:
1þ), and similar staining for IgG was identified in 3
biopsies (trace: 2þ). Deposits in all cases were poly-
typic, with staining for both k and l light chains.
Staining for C1q was absent in all cases. There was no
staining of tubular basement membranes, interstitial
areas, or vessels in any case.

Ultrastructural examination revealed immune-type
electron dense deposits in all cases (Figure 3a�d). All
5 biopsies demonstrated subendothelial and mesangial
deposits, whereas 2 cases (patients #1 and 5) showed
subepithelial deposits, which were hump-like in 1 case
(patient #1). The biopsy for patient #1 also had
segmental small intramembranous deposits that were
oriented perpendicular to the basement membrane. One
case (patient #3) had prominent intraluminal deposits
in the sample with a variegated appearance; however,
definitive substructural organization was not seen in
any of the cases. Endothelial tubuloreticular inclusions
were absent in examined areas in all cases.

Treatment and Clinical Follow-up

After biopsy, all 5 patients were treated with antibiotic
therapy, and 2 patients also received corticosteroids.
Clinical follow-up was available for a mean of 4.2
months (range: 1�9 months). At last follow-up, 4 pa-
tients (all of whom had diffuse proliferative GN with
crescents) required hemodialysis at 1, 3, 9, and 6
months, respectively (patients #1, 2, 3, and 5). Patient
#5 died approximately 6 months after presentation
while still requiring hemodialysis. Patient #4 had a
complicated hospital course, with hypoxic respiratory
failure and encephalopathy. She was treated with an-
tibiotics and at last follow-up had returned to baseline
serum creatinine.
(%) IF/TA IF EM

Minimal 3þ IgA/C3, 2þ IgG/k/l, tr IgM SEN, SEP, IM, Mes

Minimal 3þ IgA/C3, 3þ k, 1þ IgG/IgM/l SEN, Mes

Minimal 3þ C3, 2þ IgA/k/l, tr IgG/IgM SEN, Mes, IL

Minimal 3þ C3, 2þIgA, 1þ k, tr IgM/l SEN, Mes

Moderate 3þ IgA/C3, 2þ k, 1þIgM/l SEN, Mes, SEP

s; FPGN, focal proliferative glomerulonephritis; HT, hyaline pseudothrombi; IF, immuno-
ous; LM, light microscopy; Mes, mesangial; MPGN, membranoproliferative glomerulo-
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Figure 1. By light microscopy, all cases showed proliferative and exudative glomerulonephritis with focal features suggestive of cry-
oglobulinemia, including hyaline pseudothrombi. Patient #1 (a), patient #2 (b), patient #3 (c), and patient #5 (f) (arrows) and wireloop deposits
(patient #4 [d]; circle). Cellular crescents (patient #3 [c], patient #5 [e]) were identified in 4 of 5 cases.
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Comparison to IgA-Dominant IRGN Without

Cryoglobulinemic Features

To further evaluate the clinical and pathologic char-
acteristics of the described patients with IgA-dominant
IRGN with cryoglobulinemic features, similar cases
without wireloop deposits or hyaline pseudothrombi
were pulled for comparison. Eight patients without
cryoglobulinemic features who had clinical follow-up
data available were included. All 8 patients presented
with kidney injury with acutely elevated serum
creatinine ranging from 1.6 to 8.5 mg/dl. All had he-
maturia and proteinuria, including 3 in the nephrotic
range. Five (63%) had underlying diabetes mellitus,
and all had an identified site of infection, including foot
wounds and/or ulcers (n ¼ 4), infected hardware
(n ¼ 2), osteomyelitis (n ¼ 1), and joint infection
(n ¼ 1). S aureus was isolated in 4 patients.

On biopsy, 7 (88%) showed diffuse exudative GN,
and 1 patient demonstrated focal proliferative GN.
Kidney International Reports (2018) 3, 1128–1134
Crescents were focally identified in 2 (25%) biopsies.
By definition, immunofluorescence in all 8 cases
showed co-dominant IgA and C3 staining.

Six of the 8 patients were treated with antibiotic
therapy, and the 2 patients with infected hardware also
underwent removal of their infection sources. At last
follow-up, 5 (63%) patients required renal replacement
therapy in the form of hemodialysis (n¼ 4) or peritoneal
dialysis (n ¼ 1). Two patients had persistent chronic
kidney disease at last follow-up, and 1 patient had
recovery of renal function to baseline serum creatinine.
DISCUSSION

GN related to staphylococcal infection has become
increasingly recognized as a unique but relatively un-
common (<1% of biopsies in most series) form of IRGN
over the past 2 decades.2,5 Unlike GN related to strep-
tococcal infection, staphylococcal IRGN (S-IRGN) is
1131



Figure 2. Immunofluorescence microscopy showed dominant or co-dominant staining in all cases for IgA (a) and C3 (b) (patient #2), including in
hyaline pseudothrombi (IgA [c] and C3 [d]) (patient #1).
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often seen concurrently with an active staphylococcal
infectious process, and thus treatment is typically
focused on targeting the infection.6,7 Early descriptions
of S-IRGN primarily focused on patients with underly-
ing diabetes mellitus; however, as the incidence of
Figure 3. By electron microscopy, all patients had subendothelial and mes
had subepithelial hump-like deposits (a) (arrowhead) and 1 patient (patient
of the glomerular basement membrane (b; arrow). One patient (patient #3)
croscopy (c), and one (patient #4) demonstrated large subendothelial depo
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staphylococcal infections has continued to rise in the
developed world,2 cases of S-IRGN in nondiabetic pa-
tients have also become increasingly recognized.4,8 The 5
patients in our study (only 1 ofwhomwas diabetic) had a
wide variety of active staphylococcal infections at the
angial immune-type electron-dense deposits. One patient (patient #1)
#2) had abundant subendothelial deposits with segmental duplication
had prominent intraluminal deposits on the sample for electron mi-
sits corresponding to wireloop deposits on light microscopy (d).

Kidney International Reports (2018) 3, 1128–1134
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time of biopsy, including superficial skin infections and
deep seated infections with bacteremia. In addition, all
showed an endocapillary proliferative and exudative
pattern of injury, and 4 of the 5 patients had focal cres-
cents. Histologically, S-IRGN has a limited spectrum of
glomerular injury patterns, including diffuse prolifera-
tive and/or exudative, mesangial proliferative,
membranoproliferative, and crescentic GN.3,4,8–11

Immunofluorescence staining typically highlights
immune complex deposits that show either dominant or
co-dominant coarse granular staining for IgA and C3
frequently along the glomerular capillaries and in the
mesangium.3,8,11 Ultrastructural findings in S-IRGN
include mesangial, and less frequently, subendothelial
electron dense deposits, and in most cases, with a vari-
able frequency (31%�100%) of subepithelial hump-like
and intramembranous deposits.3,4,12

In this study, we described a subset of S-IRGN
patients with IgA-dominant deposits and features of
cryoglobulinemic GN; a finding that has been rarely
reported. Satoskar et al. described focal hyaline pseu-
dothrombi in 3 of 8 patients, all ofwhomhadmore severe
endocapillary hypercellularity.3 Worawichawong et al.
identified focal hyaline pseudothrombi in 2 of 7 cases of
S-IRGN, all of whom showed a diffuse proliferative and
exudative pattern of injury.4 The 5 cases of S-IRGN
identified in this study represented 1.9% of native
biopsies that showed GN with IgA-dominant deposits
and 16% of S-IRGN cases during the study period. The
presence of cryoglobulinemia was confirmed in 1
patient, whereas 2 patients had negative cryoglobulin
assays. Patient #3 had an apparently transient type II
mixed cryoglobulinemia, with cryoprecipitate contain-
ing IgA-l, IgG, and IgM. In the 2 previous studies that
reported S-IRGN cases with cryoglobulin-like features,
only 1 patient had a documented positive cryoglobulin
assay, and typing was not available.3 Clinically, testing
for cryoglobulinemia can be difficult because tempera-
ture regulation from collection to specimen processing is
required and frequently not achieved. These difficulties
can result in false negative results.13,14 Cryoglobulinemic
GN with IgA-dominant deposits has been reported in
association with underlying IgA-l expressing lympho-
proliferative disorders.15,16 The patients in our cohort
showed polytypic staining of IgA deposits by immuno-
fluorescence microscopy, and most of those who
underwent SPEP and/or immunofixation electrophoresis
testing showed a polyclonal increase in IgA without
monoclonal protein. One patient did have serum testing
suggestive of monoclonal IgA-l; however, repeat testing
was negative, arguing in favor of a transient event,
which was likely related to the underlying infectious
process and associated with an inflammatory stimulus.
Cryoglobulins containing IgA were reported in a high
Kidney International Reports (2018) 3, 1128–1134
proportion of patients with IgA vasculitis (Henoch-
Schonlein Purpura); however, this finding was not
reproduced in other studies.17 Patient #2 in our study
had an active HCV infection in addition to MSSA oste-
omyelitis and bacteremia. Cryoglobulinemic GN in the
setting of HCV infection is most often a result of mixed
cryoglobulinemia with monoclonal IgM and polyclonal
IgG without IgA.18–20 The presence of dominant IgA
staining in this report argued against HCV as the
underlying cause of cryoglobulinemic GN in this
patient. Outcomes in patients with IgA-dominant IRGN
with cryoglobulinemic features appeared similar to those
without these features. Compared with a small cohort of
patients without cryoglobulinemic features, there was a
similar rate of progression to end-stage kidney disease
(80% vs. 63%) despite adequate antibacterial therapy.
Previous studies of IgA-dominant IRGN also showed
poor renal outcomes in most patients.3,4

The pathophysiology and mechanism of cry-
oglobulinemia in the setting of staphylococcal infection
has not been studied. In the setting of HCV infection,
cryoglobulin production is likely related to activation of
B lymphocytes after an interaction with HCV viral par-
ticles directly with B cells and release of B-cell activating
factor by dendritic cells.21,22 B-cell activation can lead to
clonal expansion and monotypic IgM production with
rheumatoid factor-like properties.22–24 Initial reports of
S-IRGN postulated a role for staphylococcal super-
antigens in GN.5 The presence of superantigens, which
cause over-activation of the immune system via interac-
tion with the major histocompatibility complex on
antigen-presenting cells, can result in activation ofT cells
andmay also play a role in B-cell activation and antibody
production.5 There is some evidence that staphylococcal
enterotoxin B can result in B-cell activation and autoan-
tibody formation.25 Further study is needed to identify
the role (if any) of bacterial superantigens in B-cell
activation and cryoglobulin production.

In summary, we presented a small group of patients
with an uncommon manifestation of S-IRGN, high-
lighted by acute endocapillary and extracapillary GN
with hyaline capillary wall and luminal deposits sug-
gestive of cryoglobulinemia. All cases demonstrated
dominant or co-dominant immunofluorescence staining
for IgA, all patients had active S aureus infections at the
time of biopsy, and 80% of patients had end-stage
kidney disease at last follow-up. Cryoglobulinemic
features were not identified in patients with nonin-
fectious IgA-dominant GN. This finding should initiate
a thorough clinical evaluation for an active bacterial
infection because prompt initiation of antibiotic ther-
apy might be required to remove the potential source
of bacterial antigen driving this severe form of immune
complex-mediated GN.
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