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 Patient: Male, 60-year-old
 Final Diagnosis: Peritonitis
 Symptoms:	 Abdominal	pain	•	edema	of	lower	extermities
 Medication: —
 Clinical Procedure: —
 Specialty: Nephrology

 Objective: Rare disease
 Background: Pediatric patients with nephrotic syndrome have a high risk of developing spontaneous bacterial peritonitis (SBP). 

However, SBP in adults with nephrotic syndrome is very rare. We report a case of SBP induced by Escherichia 
coli in a 60-year-old male patient on immunosuppressive therapy for the treatment of minimal change disease 
(MCD).

 Case Report: The patient was hospitalized with abdominal pain and generalized edema that had lasted for 2 weeks. The 
patient first started treatment with high-dose oral prednisolone after being diagnosed with MCD 6 months 
ago. Complete remission of nephrotic syndrome was not achieved even after 5 months of treatment. Thus, the 
treatment was changed to combination therapy with cyclosporine and low-dose prednisolone. At the time of 
admission, leukocytosis, hypoalbuminemia, decreased serum immunoglobulin G (IgG), azotemia, and nephrot-
ic-range proteinuria were observed. Ascitic fluid analysis showed a leukocyte count of 4960/μL (neutrophils 
90%). On the suspicion of SBP associated with MCD, intravenous administration of empirical cefotaxime and 
supportive therapy were initiated; however, symptoms of peritonitis persisted. Extended-spectrum beta-lac-
tamase-negative E. coli was found in ascites cultures. Laparoscopy-assisted peritoneal biopsy revealed no evi-
dence of fungal infection; however, chronic inflammation without granuloma formation was noted. Afterward, 
cefotaxime was changed to piperacillin-tazobactam. After 4 weeks of antibacterial therapy, the peritonitis was 
cured and renal function was improved.

 Conclusions: Adult patients with steroid-resistant MCD accompanied by refractory ascites, severe hypoalbuminemia, and 
marked reduction in serum IgG are at a high risk of subsequent SBP and require careful monitoring.
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Background

In patients with nephrotic syndrome, urinary excretion of 
proteins such as immunoglobulins and complement factors 
is increased, and the risk of infection increases due to com-
plications such as lymphocyte dysfunction, administration of 
immunosuppressive agents, ascites, and edema [1]. The most 
common infectious complications include pneumonia, sepsis, 
cellulitis, and spontaneous bacterial peritonitis (SBP) [2]. SBP 
is a disease in which peritoneal bacterial inflammation occurs 
without apparent clinical evidence of infections in the abdom-
inal cavity such as perforation of intraperitoneal organs, ab-
scess, acute pancreatitis, or cholecystitis [3]. SBP is the most 
common infection in patients with advanced liver cirrhosis [3]. 
In addition, SBP is mainly observed in pediatric patients with 
nephrotic syndrome, and ascites predisposes to SBP develop-
ment. Once developed, SBP greatly increases the rates of mor-
bidity and mortality [2]. SBP is relatively rare in adult patients 
with nephrotic syndrome compared to pediatric patients with 
nephrotic syndrome. Thus, there are only sporadic reports on 
adults to date [4-9].

We report a case of extended-spectrum beta-lactamase (ESBL)-
negative Escherichia coli-induced SBP in a 60-year-old male pa-
tient on immunosuppressive agents for minimal change dis-
ease (MCD), and review the pertinent literature.

Case Report

A 60-year-old man presented to the division of nephrology 
with chief complaints of abdominal pain and generalized ede-
ma, which had started 2 weeks earlier. The patient underwent 
a renal biopsy for nephrotic syndrome 6 months prior to the 

visit and was diagnosed with MCD (Figure 1A, 1B). Serum bio-
chemistry at that time revealed a blood urea nitrogen (BUN) 
of 23.1 mg/dL, creatinine (Cr) 0.8 mg/dL, albumin 1.9 g/dL, 
and total cholesterol 371 mg/dL. The spot urine protein-to-Cr 
ratio was 8.864 g/g at that time. In the serum immunologi-
cal tests, immunoglobulin G (IgG) level was decreased to 487 
mg/dL (reference range, 700-1600 mg/dL); however, IgA and 
IgM levels were within the normal range. The concentrations 
of complement (C) 3 and C4 were within the normal range as 
well. Anti-streptolysin O, Venereal Disease Research Laboratory 
(VDRL) test, HBs Ag, and anti-HCV, anti-HIV, anti-nuclear, and 
anti-double stranded DNA antibodies were all negative. After 
MCD diagnosis, the patient started high-dose steroid therapy 
with oral prednisolone (60 mg/day, 1 mg/kg per day). However, 
complete remission was not achieved, and as generalized ede-
ma persisted even after 5 months of oral corticosteroids, ste-
roid-resistant MCD was presumed. Therefore, 1 month prior 
to presentation, the treatment was changed to cyclosporine 
(300 mg/day, 5 mg/kg per day) in combination with low-dose 
oral prednisolone (10 mg/day).

At the time of admission, blood pressure, pulse rate, respira-
tory rate, and body temperature were 140/90 mmHg, 64/min, 
21/min, and 37.8ºC, respectively. The patient was conscious but 
had an acutely ill appearance. He had no history of hyperten-
sion, diabetes mellitus, or liver or cardiac diseases. Abdominal 
examination showed marked distension of the abdomen with 
no hepatosplenomegaly. Diffuse tenderness, but no rebound 
tenderness, was noted. Moderate pitting edema was present 
in both lower extremities. A peripheral blood test showed a 
white blood cell (WBC) count of 13 700/μL (neutrophils 94.5%), 
hemoglobin 13.1 g/dL, platelet count 245 000/μL; and eryth-
rocyte sedimentation rate 96 mm/h. Serum biochemical ex-
amination revealed BUN 104 mg/dL, Cr, 3.2 mg/dL (estimated 

Figure 1.  Microscopic features of kidney biopsy. (A) Glomeruli appear unremarkable, and there are no specific vascular or 
tubulointerstitial lesions (methenamine silver stain, ×400). (B) Foot process effacement is extensive. The glomerular 
basement membrane is unremarkable, and there are no electron-dense deposits (transmission electron microscope, ×4000).
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glomerular filtration rate 20 mL/min/1.73 m2), total protein 
4.4 g/dL, albumin 1.7 g/dL, total cholesterol 753 mg/dL, and 
C-reactive protein (CRP) 68.1 mg/L (reference range <5 mg/L). 
Urinalysis with microscopic examination showed albumin 3+, a 
WBC count of 5-9/high-power field (HPF), and a red blood cell 
(RBC) count of 10-30/HPF (90% dysmorphic). The spot urine 
protein-to-Cr ratio was 6.998 g/g. Serum IgG concentration 
was significantly reduced to 420 mg/dL. Abdominal computed 
tomography revealed no abnormality except massive ascites 
and intestinal wall edema. Paracentesis showed cloudy asci-
tes, and ascitic fluid analysis showed WBC of 4960/μL (neutro-
phils 90%), RBC 720/μL, and lactate dehydrogenase 341 IU/L. 
As SBP was suspected, ascites was drained, and an empirical 
broad-spectrum antibiotic (cefotaxime) was administered in-
travenously (2.0 g, 2×/day).

On the fifth hospital day, ESBL-negative E. coli was isolated 
from the ascites culture. No bacteria were detected in blood 
cultures. On hospital day 10, abdominal pain and low-grade fe-
ver persisted, and peritonitis signs continued with a WBC count 
of 2464/μL in the ascitic fluid. The antibiotic was changed to 
intravenous piperacillin-tazobactam (4.5 g 3×/day), and lap-
aroscopy-assisted peritoneal biopsy was performed. In the 
peritoneum, chronic inflammation was noted without forma-
tion of granulomas (Figure 2A, 2B), and acid-fast bacilli (AFB) 
staining and AFB polymerase chain reaction results were neg-
ative. The abdominal pain and distended abdomen gradually 
improved after the administration of alternative antibiotics, 
and WBC counts in the ascites stayed at a reduced level (<10/
μL). Bacteria were no longer detected in repeated cultures of 
ascites. Antibiotics were administered for a total of 4 weeks 
during hospitalization. On the 30th hospital day, the patient 
was discharged with a serum albumin level of 1.9 g/dL, Cr 0.8 
mg/dL, and CRP 5.1 mg/L. No recurrence of peritonitis was ob-
served for 12 months after discharge. The patient is currently 

being followed up with the administration of immunosuppres-
sive agents (cyclosporine and low-dose oral prednisolone) and 
angiotensin-converting enzyme inhibitor.

Discussion

SBP is one of the major complications in pediatric patients un-
der the age of 10 years with nephrotic syndrome [2]. Indicators 
of SBP include an absence of infectious lesions in the perito-
neal cavity requiring surgical treatment and neutrophils >250/
μL in the ascites [3]. The incidence rate of SBP is 2-6% in pedi-
atric patients with nephrotic syndrome, and the mortality rate 
is reported to be 1.5% [2]. SBP usually occurs within 2 years 
after the diagnosis of nephrotic syndrome and rarely appears 
as the first symptom of nephrotic syndrome. However, SBP has 
been discovered as a complication at the time of recurrence 
of nephrotic syndrome [10,11].

SBP in adult patients (>18 years old) with nephrotic syndrome 
is very rare compared to pediatric patients. Since the report of 
the first case in 1978 [4], 14 cases have been reported in the 
English literature (Table 1). Our retrospective analysis of these 
cases shows a male-to-female ratio of 1.8: 1 and a mean age of 
36.6 years (range 20-56 years) at the time of diagnosis. Although 
there were 4 cases without pathological confirmation, MCD was 
the most common cause of nephrotic syndrome (5/14; 35.7%), 
followed by focal segmental glomerulosclerosis (2/14), amyloi-
dosis (2/14), and membranoproliferative glomerulonephritis 
(1/14). SBP mostly occurred within 2 years of diagnosis of ne-
phrotic syndrome, which was similar to the occurrence in pedi-
atric patients. In particular, 5 cases (5/14; 35.7%) of peritonitis 
occurred simultaneously or within the first month of diagnosis 
of nephrotic syndrome [6,7]. Streptococcus pneumoniae and E. 
coli were the 2 most commonly isolated causative pathogens, 

Figure 2.  Microscopic features of chronic inflammation in omental tissue. (A, B) Hematoxylin and eosin (H & E) stains show extensive 
lymphoplasmacytic infiltration in the omental tissue. There are no granulomas or fungal organisms (A: H & E stain, ×100), 
(B: H & E stain, ×400).
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with 2 cases each; however, there were also 4 cases in which 
the causative microorganisms were not detected in ascites cul-
tures. Azotemia was present in most patients (11/13; 84.6%), 
and the mean serum BUN and Cr levels of the patients were 
53.9±42.9 mg/dL and 3.4±2.1 mg/dL, respectively. Furthermore, 
severe hypoalbuminemia (<2.0 g/dL) was observed in most pa-
tients (13/14; 93%) (Table 1). This patient, a 60-year-old man, 
was older than previously reported patients, and E. coli-induced 
SBP developed 6 months after MCD diagnosis. The patient was 
presumed to be suffering from steroid-resistant MCD, as the 
symptoms and laboratory data associated with nephrotic syn-
drome were not improved even after high-dose oral predniso-
lone therapy [12]. Subsequently, peritonitis developed during 
combined therapy with cyclosporine and low-dose prednisolone.

SBP occurrence in patients with nephrotic syndrome is associat-
ed with a number of risk factors [6]. In patients with nephrotic 
syndrome, serum opsonic activity and phagocytosis of encap-
sulated microorganisms decrease due to the decreased levels 
of serum IgG and complement factors B and D [13,14]. In ad-
dition, T-lymphocyte dysfunction increases the susceptibility 

to bacterial infections [15]. Hypoalbuminemia leads to a sec-
ondary increase in ascites production and a diluent decrease 
in the concentration of complements and immunoglobulins in 
the ascites, thereby reducing bactericidal activity in the perito-
neal cavity. Moreover, bowel wall edema and venous conges-
tion of the gastrointestinal tract may facilitate intraperitoneal 
permeation of intestinal bacteria [16,17]. The administration 
of immunosuppressive agents for the treatment of nephrotic 
syndrome is also suggested as a major factor in the develop-
ment of peritonitis. Among previous cases of adult nephrotic 
syndrome, 6 patients (6/14; 42.8%) were on immunosuppres-
sive therapy at the time of SBP onset, and 5 of these 6 patients 
were being treated with corticosteroids (Table 1). However, a 
study reported that only 50% of pediatric patients with ne-
phrotic syndrome and SBP were on steroid therapy when di-
agnosed with peritonitis [18]. Therefore, the clinical associa-
tion between the administration of immunosuppressive agents 
and SBP is not yet established.

The most common bacterial species that cause SBP in pediatric 
nephrotic patients include S. pneumoniae and Gram-negative 

Year 
reported

Age 
(years)/
Gender

Renal 
pathology

Duration* 
(months) 

Causative 
microoragnism

Immuno-
suppressants

BUN/Cr
(mg/dL)

SA
(g/dL) 

Antibiotic
therapy

Clinical
outcome

1978 [4] 41/F FSGS 2 years Hemophilus influenzae None NR 1.2 Ampicillin Cure

1993 [5] 25/M FSGS 15 years Citrobacter freundii None 53.5/6.0 1.8 IMP/TM Cure

1999 [6] 28/F MPGN 0 S. pneumoniae None 28/3.1 2.2 CP/Oxacillin Cure

1999 [7] 20/M MCD 2 years S. viridans PDL 51/3.2 1.3 NR Cure

1999 [7] 32/M MCD 1 year No growth PDL 24/1.8 1.4 NR Cure

1999 [7] 48/M No biopsy 3 Aeromonas sobria PDL 16/1.2 1.4 NR Cure

1999 [7] 56/M No biopsy 0 Acinetobacter None 10/0.7 1.2 NR Cure

1999 [7] 45/F MCD 0 Escherichia coli None 39/1.4 0.7 NR Cure

1999 [7] 49/M No biopsy 0 Klebsiella pneumoniae PDL 91/2.5 1.6 NR Death

1999 [7] 25/M MCD 5 Escherichia coli CYP+CYS 28/1.5 2.3 NR Death

1999 [7] 29/M No biopsy 0 No growth None 183/7.4 1.9 NR Death

2005 [8] 38/F AA amyloidosis 1 year No growth None 47.3/5.6 1.3 Cefotaxime Cure

2005 [8] 30/F AA amyloidosis 8 No growth Methyl-PDL 82.9/5.7 1.4 Cefotaxime Cure

2018 [9] 46/M MCD NR S. pneumoniae None 56.3/4.6 <1.0 PC/Cloxacillin Cure

Our case 60/M MCD 6 Escherichia coli PDL+CYS 104/3.2 1.7 Cefotaxime/PT Cure 

Table 1. Cases of spontaneous bacterial peritonitis in adult patients with nephrotic syndrome.

* Duration of nephrotic syndrome prior to occurrence of spontaneous bacterial peritonitis. BUN – blood urea nitrogen; Cr – serum 
creatinine; SA – serum albumin; F – Female; M – Male; FSGS – focal segmental glomerulosclerosis; MPGN – membranoproliferative 
glomerulonephritis; MCD – minimal change disease; NR – not reported; S – Streptococcus; CYP – cyclophosphamide; CYS – cyclosporine; 
PDL – prednisolone; IMP – imipenem; TM – tobramycin; CP – cephazolin; PC – penicillin-G; PT – piperacillin-tazobactam.
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bacteria, particularly E. coli [11]. In the adult cases of peritoni-
tis complicated with nephrotic syndrome, E. coli and S. pneu-
moniae were also the most common causative pathogens, 
followed by Gram-negative bacteria, which showed a higher 
frequency than Gram-positive bacteria (Table 1). Treatment 
of SBP requires empirical administration of antibiotics before 
the results of ascitic fluid and/or blood cultures and antibi-
otic susceptibility tests are available. Third-generation ceph-
alosporins (eg, cefotaxime, ceftriaxone), which are effective 
against most causative bacteria such as E. coli, K. pneumoniae, 
and Streptococcus, are recommended [3]. Since the recurrence 
rate of peritonitis is high in patients with liver cirrhosis and as-
cites, especially in high-risk groups, administration of norflox-
acin or rifaximin is used as primary or secondary prophylaxis 
against SBP [3,19]. The prevalence and recurrence rate of SBP 
in adult patients with nephrotic syndrome are not yet clear. 
Therefore, further studies are needed to determine whether 
this prophylactic therapy against SBP in the patients with liv-
er cirrhosis can be applied to those with nephrotic syndrome.

It is also unclear why SBP is more common in pediatric pa-
tients with nephrotic syndrome than in adults. Possible clinical 
explanations include that MCD, in which cellular and humor-
al immune systems are markedly impaired, is more common 
in children, and ascites formation along with severe hypoal-
buminemia is more pronounced in pediatric nephrotic syn-
drome [6]. In a study comparing the clinical characteristics of 
52 adults and 21 children with nephrotic syndrome, ascites was 
observed in 23% and 52%, respectively, and the mean serum 
albumin concentration was significantly lower in pediatric pa-
tients with ascites than in adult patients with ascites (1.7 g/dL 
vs 2.1 g/dL) [17]. Furthermore, in adults with nephrotic syn-
drome, congestive heart failure and chronic liver disease, which 
lead to an increase in hepatic sinusoidal pressure in addition 
to hypoalbuminemia, may increase ascites production [17]. A 
marked decrease in serum albumin (£1.5 g/dL) is known as a 
significant risk factor predicting the development of SBP in pa-
tients with nephrotic syndrome. However, the classic markers 
indicative of active renal diseases, such as hypertension and 
microscopic hematuria, were not associated with the occur-
rence of peritonitis [10]. This may suggest that the incidence 
of SBP associated with nephrotic syndrome can be reduced if 
clinical remission is achieved with optimal treatment. In our 
analysis of published cases of adult nephrotic syndrome with 
SBP, renal dysfunction (serum Cr >1.4 mg/dL) and severe hy-
poalbuminemia (serum albumin <2.0 g/dL) were present in 
most patients (Table 1).

Azotemia accompanied by SBP development is presumed to 
be related to prerenal acute kidney injury caused by hypoal-
buminemia and/or endogenous renal insufficiency secondary 
to intraabdominal inflammation. Renal dysfunction was actu-
ally improved to the normal level in most patients after cure 
of SBP. However, 1 case of irreversible renal failure even af-
ter amelioration of SBP with antibiotic therapy [5] and 3 cas-
es of in-hospital mortality from septic shock during peritonitis 
treatments have been reported [7]. Therefore, prompt and ap-
propriate treatment and careful follow-up are needed on sus-
picion of SBP. Significantly reduced serum IgG (<600 mg/dL) 
and renal insufficiency (serum Cr >2.0 mg/dL) were report-
ed as independent risk factors for the development of bacte-
rial infection in adult patients with nephrotic syndrome [20]. 
In our case, congestive heart failure and chronic liver disease 
were not identified in the patient, and there were no localized 
infections or other clinical evidence suggestive of secondary 
peritonitis. Therefore, it can be inferred that the decrease in 
serum albumin (1.7 g/dL), low serum IgG (420 mg/dL), and re-
nal dysfunction were significantly associated with the devel-
opment and persistence of SBP.

Conclusions

This case report describes an adult MCD patient who devel-
oped E. coli-induced SBP while on immunosuppressive therapy 
with cyclosporine and oral prednisolone. Peritonitis was cured 
with intravenous administration of broad-spectrum antibiot-
ics. As this case demonstrates, steroid-resistant MCD patients 
with refractory ascites, severe hypoalbuminemia, and a prom-
inent decrease in serum IgG concentration have a high risk of 
developing subsequent SBP and require cautious monitoring 
and follow-up. Furthermore, when peritonitis occurs, rapid an-
tibiotic administration and appropriate supportive therapy are 
critical to prevent secondary complications such as permanent 
renal injury and sepsis. Further study is required to clarify the 
association between the administration of immunosuppres-
sive agents and SBP.
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