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Abstract

Acute focal bacterial nephritis (AFBN) is a localized bacterial infection 
of the kidney, which presents as an inflammatory mass without forma-
tion of a frank abscess. Rare cases of AFBN are accompanied by neu-
rological symptoms such as meningeal irritation, unconsciousness, and 
seizures. Clinically mild encephalitis/encephalopathy with a reversible 
splenial lesion (MERS) is characterized by transient high signal intensi-
ty splenial lesions on diffusion-weighted magnetic resonance imaging. 
MERS can be divided into two types: type 1 with an isolated splenium 
of the corpus callosum and type 2 with extensive white matter and/
or entire callosal lesions. We experienced three rare cases of pediatric 
AFBN associated with neurological symptoms, including unconscious-
ness and reversible splenial corpus callosum lesion. The first case was 
an 8-year-old girl who had neurological symptoms, including uncon-
sciousness, and AFBN was associated with MERS type 2. The second 
(5-year-old boy) and third (5-year-old girl) cases had neurological 
symptoms, including unconsciousness and AFBN with MERS type 1. 
Two of the three cases had AFBN caused by Escherichia coli. All three 
cases showed high levels of urinary β2-microglobulin (B2MG). AFBN 
should be suspected in children with fever, rapid clinical deterioration, 
neurological symptoms including unconsciousness, and high urinary 
B2MG level. We recommend that abdominal enhanced computed to-
mography should be performed for the diagnosis of AFBN.
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Introduction

Acute focal bacterial nephritis (AFBN) is a localized bacte-

rial infection of the kidney, which presents as an inflamma-
tory mass without the formation of a frank abscess. It was first 
described in adults by Rosenfield et al in 1979 and was previ-
ously referred to as lobar nephronia [1]. AFBN is considered 
the midpoint in the spectrum of upper urinary tract infections, 
ranging from pyelonephritis to intrarenal abscesses, and might 
represent a relatively early stage of renal abscesses [2]. Most 
children with AFBN exhibit nonspecific symptoms such as 
fever, vomiting, and abdominal pain. In addition, pyuria and 
bacteriuria commonly associated with urinary tract infections 
are often absent in these cases. Therefore, they are diagnosed 
as fever of unknown origin [3, 4]. Rare cases of AFBN are 
accompanied by neurological symptoms such as meningeal ir-
ritation, unconsciousness, and seizures [5-7].

Tada et al [8] identified clinically mild encephalitis/en-
cephalopathy with a reversible splenic lesion (MERS). It is 
characterized by transient high signal intensity splenial lesions 
on diffusion-weighted magnetic resonance imaging (DW-
MRI). MERS is a new type of acute encephalopathy that might 
sometimes be accompanied by symmetrical white matter le-
sions with a mild clinical course and has a good outcome.

We experienced three rare pediatric cases of AFBN associ-
ated with neurological symptoms including unconsciousness 
and reversible splenial corpus callosum lesion.

Case Reports

Case 1

An 8-year-old girl had fever and vomiting since 1 day before 
hospitalization. On the day of admission, she had abnormal 
speech and visited a local clinic, and was then transferred to 
our hospital. She had no remarkable family, birth or devel-
opmental, and vaccination history. She also had an overac-
tive bladder. At admission, she was 139.0 cm in height and 
weighed 40.6 kg. She had a body temperature of 40.6 °C, heart 
rate of 128 beats/min, blood pressure of 107/56 mm Hg, and 
percutaneous oxygen saturation of 99%. Her general condi-
tion was poor and confused (Glasgow Coma Scale score of 14 
(E4, V4, M6)). There was no neck stiffness, and the chest and 
abdominal examination revealed no abnormal findings. There 
was pain over the costovertebral angle on the left side. Labora-
tory findings on admission were white blood cell count (WBC) 
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23,600/µL, hemoglobin (Hb) 13.6 g/dL, platelet (Plt) 260,000 
/µL, aspartate aminotransferase (AST) 29 U/L, alanine ami-
notransferase (ALT) 26 U/L, urea nitrogen (UN) 10.9 mg/dL, 
creatinine (Cre) 0.43 mg/dL, C-reactive protein (CRP) 24.24 
mg/dL, Na 136 mEq/L, K 3.4 mEq/L, and Cl 98 mEq/L. Mid-
stream urinalysis was negative for protein and occult blood. 
However, it showed WBC 30 - 49 cells /high power field (HF), 
urinary β2-microglobulin (B2MG) 6,433 µg/L (normal: 0 - 289 
µg/L) and N-acetyl-beta-D-glucosaminidase (NAG) 3.2 IU/L 
(normal: 0 - 11.5 IU/L). Cerebrospinal fluid (CSF) analysis did 
not show any pleocytosis, elevated protein levels, or decrease 
in glucose levels. The patient was treated with intravenous100 
mg/kg daily ampicillin hydrate (ABPC) and 50 mg/kg daily 
ceftriaxone sodium hydrate (CTRX) because the cause of fe-
ver was suspected to be urinary tract infection and/or sepsis. 
Blood and CSF cultures showed no pathogens. However, from 
catheter urine culture, the organism was identified as Escheri-
chia coli (E. coli) 104 colony forming unit (CFU)/mL, and in-
travenous ABPC therapy was stopped after 6 days. Abdominal 
computed tomography (CT) and brain MRI were performed 
on the second day of admission. Abdominal enhanced CT 
showed enlargement of the left kidney, with multiple wedge-

shaped defects (Fig. 1). Brain T1 and T2-weighted images did 
not reveal any structural abnormalities. DW-MRI showed a 
focal, high-intensity lesion in the splenium of the corpus cal-
losum. Apparent diffusion coefficient (ADC) mapping showed 
decreased ADC values at the site of the abnormality, and DW 
image also showed bilateral symmetrical high-intensity white 
matter lesions at the frontal and parietal lobes (Fig. 2). These 
findings strongly suggested acute encephalopathy and AFBN 
with E. coli infection. On the third day of admission, her fever 
improved. On the 10th day after admission, she underwent re-
peat brain MRI, which showed that the lesion had disappeared. 
The final diagnosis was AFBN with MERS type 2. On the 
14th day, she underwent voiding cystourethrography (VCUG), 
which revealed voiding dysfunction. After 14 days of CTRX 
therapy, the antibiotic was changed to oral administration of 
40 mg/kg daily cefaclor for 7 days and she was discharged 
on the 15th day. After discharge, technetium 99m-dimercap-
tosuccinic acid (99mTc-DMSA) scintigraphy was performed 
and revealed no abnormal findings. She was managed without 
surgery and continued medication for overactive bladder. Sub-
sequently, she had a good condition and no remarkable change.

Case 2

A 5-year-old boy developed fever and cough a day before ad-
mission. He visited a local clinic and was diagnosed with acute 
upper respiratory tract inflammation. However, his fever and 
cough continued, and the chest radiograph showed abnormal 
shadows indicative of pneumonia. He also showed abnormal 
behavior and disorder of consciousness the next day and was 
transferred to our hospital for suspected acute pneumonia. He 
had no remarkable family, birth or developmental, and vac-
cination history. On examination at admission, he was 118.5 
cm in height and weighed 22.3 kg. He had a body temperature 
of 40.2 °C, heart rate of 156 beats/min, and percutaneous oxy-
gen saturation of 98%. His general condition was poor, and he 
was confused (Glasgow coma scale score of 14 (E4, V4, M6)). 
There was no neck stiffness. There were no abnormal findings 
on chest and abdominal examination. There was no costover-
tebral angle pain and tenderness. Laboratory findings on ad-
mission were WBC 22,110/µL, Hb 13.5 g/dL, Plt 200,000 /
µL, AST 30 U/L, ALT 12 U/L, UN 12.6 mg/dL, Cre 0.46 mg/

Figure 1. Abdominal enhanced computed tomography (CT) shows en-
largement of the left kidney, with multiple wedge-shaped defects (ar-
row).

Figure 2. (a) Brain diffusion-weighted (DW)-MRI shows focal, high-intensity lesion in the splenium of the corpus callosum (ar-
row). (b) Apparent diffusion coefficient (ADC) mapping shows decreased ADC values at the region of the abnormality (arrow). (c) 
DW-MRI shows bilateral symmetrical high intensity white matter lesions at the frontal and parietal lobes (arrows).
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dL, CRP 9.98 mg/dL, Na 132 mEq/L, K 3.5 mEq/L, and Cl 
95 mEq/L. Catheter urinalysis was negative for protein and 
occult blood. Urinary WBC showed 20 - 29 cells/HF, B2MG 
was 912 µg/L, and NAG was 7.4 IU/L. Blood and urine cul-
tures showed no pathogens. On the day of admission, these 
findings were suggestive of acute pneumonia and urinary tract 
infection. The patient was treated with intravenous 150 mg/kg 
daily ABPC and 100 mg/kg daily CTRX. However, his fever 
and abnormal speech with confusion continued. We suspected 
AFBN and MERS because of the findings of urinary WBC 
count and high level of B2MG; hence, abdominal CT and brain 
MRI were performed on the third day of admission. Abdomi-
nal enhanced CT showed multiple wedge-shaped defects in the 
right kidney (Fig. 3a). The diagnosis was confirmed as AFBN. 
Brain DW-MRI showed high intensity in the splenium of the 
corpus callosum (Fig. 3b, c). On the fourth day of admission, 
his fever improved. On the 12th day after admission, he under-
went repeat brain MRI, which showed that the lesion had dis-
appeared. The final diagnosis was AFBN with MERS type 1. 
On the 13th day after admission, he underwent VCUG, which 
revealed grade 3 vesicoureteral reflux (VUR) on the right side. 
After 14 days of ABPC and CTRX, the therapy was changed to 
oral administration of 30 mg/kg daily cefaclor for 7 days, and 
he was discharged on the 15th day. After discharge, 99mTc-
DMSA scintigraphy was performed, which revealed right renal 
dysfunction as left renal uptake rate of 22.2% and right renal 
uptake rate of 17.3% (normal uptake rate: > 20%). Preventive 
surgery for the management of VUR was performed 6 months 
after discharge. Subsequently, he had a good condition and no 
remarkable change.

Case 3

A 5-year-old girl developed fever, abdominal pain, and vomit-
ing since morning on the day of admission, and visited a local 
clinic. At the clinic, she developed a disorder of consciousness 
and was transferred to our hospital. She had no remarkable 
family, birth or developmental, and vaccination history. She 
had chronic constipation and had been hospitalized for left-sid-
ed AFBN 6 months ago. Her VCUG showed no abnormal find-
ings. At admission, she was 106.5 cm in height and weighed 

18.6 kg. She had a body temperature of 39.0 °C, heart rate of 
164 beats/min, and percutaneous oxygen saturation of 99%. 
Her general condition was poor, and she had somnolence with 
a Glasgow Coma Scale score of E4, V1, M6. There was no neck 
stiffness. There were no abnormal findings on the chest and ab-
dominal examination. There was no pain or tenderness over the 
costovertebral angle. Laboratory findings on admission were 
WBC 23,300/µL, Hb 13.6 g/dL, Plt 324,000 /µL, AST 28 U/L, 
ALT 14 U/L, UN 14.9 mg/dL, Cre 0.30 mg/dL, CRP 0.82 mg/
dL, Na 135 mEq/L, K 3.8 mEq/L, and Cl 100 mEq/L. Catheter 
urinalysis was negative for protein and occult blood. Urinary 
WBC showed 1 - 4 cells/HF. Urinary B2MG was 1,527 µg/L, 
and NAG was 3.7 IU/L. The patient was treated with intrave-
nous 100 mg/kg daily cefotaxime sodium (CTX) because the 
origin of her fever was suspected to be urinary tract infection. 
Blood culture showed no pathogens. However, the organism 
was identified as E. coli 105 CFU/mL from the catheter urine 
culture. Abdominal CT and brain MRI were performed on the 
second day of admission. Abdominal enhanced CT showed 
that the left kidney had multiple wedge-shaped defects (Fig. 
4a). DW-MRI showed a focal, high-intensity lesion in the sple-
nium of the corpus callosum. ADC mapping showed decreased 
ADC values in the area of the abnormality (Fig. 4b, c). The 
final diagnosis was AFBN with MERS type 1. On the third 
day of admission, her consciousness improved and fever im-
proved on the sixth day. After 14 days of CTX, the therapy was 
changed to oral administration of 30 mg/kg daily cefaclor for 7 
days and she was discharged on the 15th day. After discharge, 
VCUG and 99mTc-DMSA scintigraphy were performed. Her 
VCUG revealed grade 2 VUR on the right and occult VUR 
at the left kidney. 99mTc-DMSA scintigraphy showed no ab-
normal findings. Surgery was performed for the prevention of 
VUR 6 months after discharge. Subsequently, she had a good 
condition and no remarkable change.

Discussion

We experienced three rare pediatric cases of AFBN associated 
with neurological symptoms, including unconsciousness and 
reversible splenial corpus callosum lesion.

Most children with AFBN exhibit nonspecific symptoms 

Figure 3. (a) Abdominal enhanced computed tomography (CT) shows right kidney with multiple wedge-shaped defects (arrow). 
(b) Brain diffusion-weighted magnetic resonance imaging (DW-MRI) shows a focal, high-intensity lesion in the splenium of the 
corpus callosum (arrow). (c) Apparent diffusion coefficient (ADC) mapping shows decreased ADC values at the region of the 
abnormality (arrows).
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such as fever, vomiting, and abdominal pain and did not show 
neurological symptoms. The most common clinical manifesta-
tions of patients with MERS are neurological disorders such 
as delirium, disorder of consciousness, and seizures. All our 
three cases related to AFBN with MERS showed neurological 
disorder, including disturbed consciousness.

Takahashi et al [9] suggested that MERS should be di-
vided into two types: type 1 with an isolated splenium of the 
corpus callosum and type 2 with extensive white matter and/
or entire callosal lesions. Our first case had neurological symp-
toms, including unconsciousness, and AFBN was associated 
with MERS type 2. The second and third cases with neuro-
logical symptoms, including unconsciousness, had AFBN with 
MERS type 1.

A total of 983 cases reported had acute encephalopathy 
between 2007 and 2010 in Japan. Among 153 cases of MERS, 
the pathogens identified were influenza virus (34.4%), rotavi-
rus (11.7%), mumps virus (3.9%), herpesvirus 6 (2.0%), and 
bacterial (3.3%) infections [10]. Bacterial pathogens are rare, 
but Streptococcus and E. coli have been reported [11].

Cheng et al reported that E. coli was the most common 
pathogen cultured from 59 of 61 urine samples from 80 pa-
tients with AFBN [3]. Okamoto et al [12] reported MERS with 
a febrile urinary tract infection due to Klebsiella pneumoniae, 
and Kometani et al [6] reported two cases of MERS associated 
with AFBN caused by Enterococcus faecalis. Kasuga et al [7] 
reported a case of MERS with AFBN caused by E. coli. In this 
study, E. coli was identified in two of the three cases. Although 
several viruses and rarely bacteria are associated with MERS, 
the pathophysiological mechanisms are unclear. It has been 
suggested that MERS might be caused by intramyelinic axonal 
edema or local inflammatory cell infiltration [8]. Takanashi 
et al [13] reported that most patients with MERS have mild 
hyponatremia. Hypotonic hyponatremia results in the entry 
of water into the brain, resulting in central edema, headache, 
nausea, vomiting, confusion, and seizures. One patient also 
had a low serum sodium level (Na 132 mEq/L) on admission. 
Kometani et al [6] reported a significant elevation of serum 
and CSF interleukin-6 (IL-6) levels in MERS associated with 
AFBN. The elevated CSF levels of IL-6, which are remotely 
induced by localized inflammation in the kidney, might be re-
lated to the development of MERS.

Renal ultrasonography is the best screening and diagnos-

tic method for the evaluation of renal inflammatory disease 
in the pediatric population. However, both false-positive and 
false-negative findings have been reported. CT with contrast 
is considered the gold standard for the diagnosis of AFBN and 
typically shows poorly enhanced solid wedge-shaped defects 
[14]. We also diagnosed AFBN using abdominal contrast CT.

Urinary B2MG and NAG are useful markers for the di-
agnosis of urinary tract infections [15]. Previous reports have 
also shown that urinary B2MG and/or NAG are useful markers 
for the diagnosis of AFBN with and without pyuria [4, 7, 16]. 
Therefore, we suspected AFBN based on the high levels of uri-
nary B2MG. In this study, all three cases of AFBN with MERS 
showed high urinary B2MG levels; however, the urinary NAG 
was not elevated.

In conclusion, AFBN should be suspected in children with 
fever, rapid clinical deterioration, and neurological symptoms, 
including unconsciousness with high urinary B2MG levels. 
We recommend that abdominal enhanced CT should be per-
formed to diagnose AFBN.
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