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Clinical and radiologic features of

encephalopathy during 2011 £ coli O111

outbreak in Japan
A

ABSTRACT

Objective: To elucidate the clinical and radiologic features and analyze factors associated with
neurologic outcomes of encephalopathy secondary to Shiga toxin-producing Escherichia coli
(STEC) O111.

Methods: We reviewed medical records and neuroimaging in 22 patients with neurologic symp-
toms among 86 with STEC 0111 infection.

Results: Twenty-one (6 males and 1.5 females, 10 children and 11 adults) of the 22 patients were
diagnosed with encephalopathy. All patients with encephalopathy also presented with hemolytic-
uremic syndrome. Five patients died, from day 1 to 6 months (days 1-5 in 4 patients), due to
progressive encephalopathy with severe cerebral edema observed in neuroimaging (4 patients).
Fifteen of the 16 surviving patients clinically recovered completely. Statistical analysis revealed
differences between patients with poor (n = 6) and good (n = 15) outcomes in the interval from
hemolytic-uremic syndrome presentation to encephalopathy, creatinine levels, and the methyl-
prednisolone administration ratio.

Conclusion: We note a high incidence of encephalopathy in the Toyama STEC 0111 outbreak. All
fatal cases resulted from progressive encephalopathy. Methylprednisolone pulse therapy repre-
sents a possible therapeutic choice.

Classification of evidence: This study provides Class Il evidence that methylprednisolone pulse
therapy increases the probability of a good outcome for patients with encephalopathy associated
with STEC O111. Neurology® 2014;82:564~572

GLOSSARY

ADC = apparent diffusion coefficient; Gb3 = globotriaosylceramide; HUS = hemolytic-uremic syndrome; IL-18 = interleukin-1p;
Vlg = IV immunoglobulin; mPSL = methyiprednisolone; STEC = Shiga toxin-producing Escherichia coli; Stx = Shiga toxin;
TNF-« = tumor necrosis factor-a.

Diarrhea-associated hemolytic-uremic syndrome (HUS) is a complication in 6% to 9% of
patients infected with Shiga toxin (Stx)-producing Escherichia coli (STEC), and approximately
15% of those are younger than 10 years.! CNS involvement occurs in some patients with
STEC-HUS and may be predictive of poor outcomes.>? Renal lesions in HUS are characterized
by thrombotic microangiopathy; however, the pathogenesis of the CNS involvement is not well
understood.*

Although the STEC O157 serotype is the most prevalent, other strains also cause outbreaks,
as in the case of the STEC O104 in northern Germany and O111 in Oklahoma.>”” From April
to May 2011, a STEC O111 outbreak occurred predominantly in Toyama Prefecture, Japan,
among persons who had eaten raw meat at several branches of a barbeque restaurant chain; the
outbreak included a high frequency of severe complications. Thirty-four of the 86 patients with
STEC O111 infection (40%) in this particular outbreak had STEC-HUS; in those 34 patients,

we encountered patients with severe encephalopathy, which sometimes resulted in brain
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herniation and death. Herein, we report the
clinical and radiologic features of STEC
O111-encephalopathy and suggest the efficacy
of methylprednisolone (mPSL) pulse therapy.

METHODS Primary research question and classification
of evidence. We conducted a retrospective review of 21 patients
with STEC O111-encephalopathy, and analyzed factors associated
with their neurologic outcomes. We sought Class IIT evidence for
increasing the probability of a good outcome.

Definitions. For our purposes, we defined STEC O111 infection
as illness in a person who visited one of the branches of the impli-
cated barbecue restaurant chain, had at least one gastrointestinal
symptom, and positive bacterial cultures of stool samples or sera
for anti-E coli O111 antibody by microagglutination assay. Gastro-
intestinal symptoms included diarrhea, bloody stools, abdominal
pain, and vomiting, Diagnosis of HUS required findings of throm-
bocytopenia, hemolytic anemia, and acute renal dysfunction (hema-
turia, proteinuria, or an eclevated creatinine level).® Diagnosis of
encephalopathy was defined as acute onset of impaired conscious-
ness lasting more than 12 hours, often associated with seizures or
delirious behavior, according to the guidelines for influenza enceph-
alopathy.® We defined the day of encephalopathy onset as day 0.

Patients. In Toyama and other prefectures in Japan between late
April and early May 2011, 86 patients (21 children [15 years or
younger], 65 adults [older than 15 years]) with STEC O111
infection were identified, of whom 34 (40%, 11 children and
23 adults) had HUS. We retrospectively collected clinical and
radiologic information on 22 patients with neurologic manifesta-
tions associated with the STEC O111 infection, and reviewed
neuroimaging results (CT and MRI) and reports for these pa-
tients, including information on symptoms, clinical diagnosis,
treatments, laboratory data, and outcome (monitored until at
least 1 year after the encephalopathy). We classified patients with
encephalopathy (n = 21) into the poor outcome group (patients
who died or had neurologic sequelae) (n = 6) and those with
complete recovery (n = 15) into the good outcome group.

Clinical features of 4 patients (including 3 patients who died)
with STEC O111-encephalopathy (none of whom had mPSL
therapy), and the serum cytokine profiles of 14 patients with
STEC O111-HUS (8 patients with encephalopathy) were previ-
ously reported.®°

Statistics. We compared the good and poor outcome groups
using the Welch test with the following variables: age of patient;
the interval from ingestion of contaminated food to enteritis,
from enteritis to HUS, and from HUS to encephalopathys; as well
as laboratory data (the highest or lowest values during acute HUS
and encephalopathy), including white blood cell, hemoglobin,
platelet, aspartate aminotransferase, creatinine, and C-reactive pro-
tein data. We performed Fisher exact test for the following varia-
bles: sex; brain lesions in the basal ganglia and thalamus; and
therapies, including hemodialysis, plasma exchange, polymyxin-B
immobilized column direct hemoperfusion, thrombomodulin,
mPSL, and IV immunoglobulin (IVIg). We used SPSS software
(version 20; IBM Corp., Armonk, NY) for statistical analyses and
set p < 0.05 as statistically significant. In addition, we calculated
95% confidence intervals of the data for patients with poor and
good outcomes. Because of the small sample size, we did nort use
adjustments by multivariate analysis.

Standard protocol approvals, registrations, and patient
consents. Institutional Review Boards of the Kameda Medical Center
and the National Institute of Infectious Diseases approved this study.

RESULTS Twenty-one of the 22 patients with neu-
rologic symptoms showed encephalopathy, and the
remaining patient had idiopathic intracranial hyper-
tension. Figure 1 and table 1 show clinical symptoms
and courses. All of the 21 patients with STEC O111-
encephalopathy also presented with HUS. Ten of 11
children and 11 of 23 adults with STEC O111-HUS
had encephalopathy. All 21 patients had eaten raw meat
on days —7 to —15 (April 1723, 2011) and developed
gastrointestinal symptoms on days —3 to —13. The
diagnosis of HUS was made on days 0 to ~7.

Therapy included blood purification, such as
hemodialysis (n = 17), plasma exchange (n = 12),
polymyxin-B immobilized column direct hemoper-
fusion (n = 7), and thrombomodulin treatment
(n = 10), in addition to fluid and electrolyte man-
agement, red blood cell or platelet transfusion, and
antihypertensive agents in most patients. Treat-
ments for encephalopathy, which were introduced
to improve possible hypercytokinemia after May 1,
2011, included mPSL (n = 12, 11 receiving pulse
therapy [30 mg/kg X 3 days]), IVIg (n = 13), and
brain hypothermia in one. We did not observe any
obvious side effects from mPSL therapy. Six patients
had a poor outcome, 5 died on day 1 to 6 months
(days 1-5 in 4 patients) due to progressive enceph-
alopathy, and another previously healthy patient had
persistent intellectual disability. Fifteen patients
recovered completely. None exhibited hypoglycemia
during the course of encephalopathy. Renal function
recovered to almost normal in the 16 sutviving
patients.

Both MRI and CT were performed in 11 pa-
tients, only MRI in 5, and only CT in 5 (figure 2;
table e-1 on the Neurology® Web site at www.
neurology.org). In 4 of the 5 patients who died,
CNS lesions rapidly progressed within 2 days,
leading to severe cerebral edema (figure 2, A-C)
and finally death. Neuroimaging studies revealed
no parenchymal lesions in 6 patients, and those in
the other 15 patients revealed the following: 1)
symmetrical lesions in the thalamus (most often in
the lateral thalamus, figure 2, A-E and H) on days 0
to 7 in 12, including 4 patients who died; 2) the basal
ganglia (putamen or globus pallidus) (figure 2, C-E
and G) on days 0 to 7 in 10 (including 5 patients who
died); 3) external capsule (figure 2, D, E, G, and H) on
days 0 to 7 in 9 (including 5 patients who died); and 4)
dorsal brainstem or cerebellum (figure 2F) on days 0 to
10 in 6 (including 3 patients who died).

Follow-up MRI in 7 patients performed later than
day 28 showed mild cerebral atrophy (figure 2, T and J)
in 4. We found no residual lesions in the thalamus on
follow-up. We noted decreased apparent diffusion
coefficient (ADC) values in the lateral thalamus (figure
2, E and H) in 4 patients scanned before or on day 7,
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Figure 1 Clinical courses of 21 patients with STEC 011 1-encephalopathy from April 17 to May 16, 2011
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< 2 = younger than 2 years; 5-9 = 5-9 years; early 10s = 10-15 years; late 10s = 16-19 years; 20s = 20-29 years;
40s = 40-49 years; 60s = 60-69 years; 70s = 70-79 years. The blue line indicates May 1, 2011, when we started to use
mPSL and VIg therapy for the treatment of encephalopathy. CR = complete recovery; D = dead; E = encephalopathy; HD =
hemodialysis; HUS = hemolytic-uremic syndrome; ID = intellectual disability; IVIg = IV immunoglobulin; mPSL = methyl-
prednisolone; PE = plasma exchange; PMX = polymyxin-B immobilized column direct hemoperfusion; Pt. = patient; STEC =
Shiga toxin-producing Escherichia coli; TM = thrombomodulin.
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Table 1 Clinical symptoms and outcomes in 21 patients with STEC O111-encephalopathy 1

Children, <15 y

Myoclonus (

Female [n = 5} Tremor (n = i), aphasia (n = 1)

 Adults, >15y.
Male (n'= 1)

. Female(n=10)

All ages n =’21

Maleln=6)

Female {n = 15)

Abbreviations: CR = complete recovery; ID = intellectual disability; STEC = Shiga toxin-producing Escherichia coli.

and normal or increased values in 3 patients after Statistical analysis revealed differences between pa-
day 7. However, ADCs in the putamen and external  tients with: poor and good outcomes in the intefval
capsule (figure 2, E and H) were normal or increased  from HUS to encephalopathy, the creatinine level,
in 3 patients examined on days 2, 6, 7, and 10. and the mPSL administration ratio (table 2). The
Lastly, we noted spotty lesions in the white matter  characteristics of study patients showed no significant
or basal ganglia (figure 2G) suggesting lacunar difference between patients with and without mPSL
infarctions in 5 patients on days 6 to 27. (table 3).

( Figure 2 Neuroimaging of patients 4 and 10 1

CT images of patient 4 who died in 8 months show low density lesions in the lateral thalamus on day 1 (A, arrow).
T2-weighted image on day 1 shows T2 prolongation in the thalamus (B, arrow). CT on day 2 (C) reveals cerebral edema with
low density lesions in the cerebral white matter (arrowheads), thalamus (white arrow), and globus pallidus (black arrow). T2-
weighted image of patient 10 {who subsequently recovered completely) on day 2 (D) shows bilateral T2 prolongation in the
putamen (white arrow), external capsule (black arrow), and lateral thalamus (arrowhead). The apparent diffusion coefficient
{ADC) map on day 2 (E) shows increased diffusion in the putamen (white arrow) and external capsule (black arrow) and
reduced diffusion in the thalamus (arrowhead). At the level of the middle cerebellar peduncles, the T2-weighted image on
day 2 (F) shows T2 prolongation in the dorsal midpons (arrow). The T2-weighted image on day 6 {G) shows high signal lesions
in the bilateral external (black arrow) and internal capsules with lesions in the putamen (white arrow) and thalamus
decreased in size and intensity and a new lesion in the left globus pallidus {black arrowhead). The ADC map on day 6 (H)
shows increased diffusion in the external capsule (black arrow) and reduced diffusion in the thalamus (arrowhead). The
T2-weighted image (I} and ADC map at 2 months (J} show mild atrophy with no abnormal signal lesion.
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Table 2

: Agé, y
' seS;,
’ ingestlon to enterttls,
- Enterltls to HUS d
’HUS to encephalopathy, d
Therap:es
HD
PE
PMX
™
iﬁPSL
Vg
Laboratory values
 WBC, x1,000/uL
Hb, gfdL
P’l_T,“,'x"iO",’O/OO‘hLL '
’ AST, lUjL
. Creatinine, mg/dL
CRP, mg/dL
Basal Qanglia lesion

Thalamus lesion

Comparison of patients with poor and good outcomes

Pcor autcome

Al patients S
(n = 21) (n=86) 95% ClI
203 + 17.9 275+ 251 1.1-53.9
6 (28.6) 3(50.0) 118-88.2
30+08 28+08 20-36
a7+15 32+08 2440
18+ 19 0808 0-16
17 (81.0) 4(66.7) 22.3-95.7
12 (57.1) 4.(66:7) 22.3-95.7
7(33.3) 1(16.7) 0.4-64.1
10 (46.7) 1(16.7) 04-641
12(57.0) 1(16.7) 0.4-64.1
13 (61.9) 3 (50.0) 11.8-88.2
398+ 18.7 410+ 115 29.0-532
66517 75+ 27 46-103
19+14 B 2008 12-28
144 = 86 215 + 117 93.2-338.4
4429 79+28 49-109
148+ 96 164 + 941 6.6-25.7
10 (47.6) 5 (83.3) 35.9-99.6
12 (57.1) 5(83.3) 35.9-99.6

Good om:come ] e
.95%Cl

(n = 15) p Value
17.5 2142 9.6-25.3 NS
3(200) 43481 NS
31+ 09 26-36 NS
39+17 2948 NS
2221 10-34 <005
13 (86.7) 50.5-98.3 NS
8(53.2) 26.6-78.7 NS
6 (40.0) 16.3-67.7 NS
9(60.0) 32.3-83.7 NS
11(73.3) 44.9-922 <0.05
10 (66.7) 44.9-92.2 NS
392212 27.5-51.0 NS
62+ 1.0 5.7-6.7 NS
1. 9 x 1 7 1.0-2.8 NS
116 + 53 86.8-145.1 NS
3015 - 21-38 <0.01
142 =99 8.7-19.7 NS
5(33.3) 11.8-61.6 NS
7 (46.7) 21.3-73.4 NS

Abbreviations: AST = aspartate aminotransferase; Cl = confidence interval; CRP = C-reactive protein; Hb = hemoglobin; HD = hemodialysis; HUS =

hemolytic-uremic syndrome; IVig =

1V immunoglobulin; mPSL = methylprednisolone; NS = not significant; PE = plasma exchange; PLT = platelets; PMX =

polymyxin-B immobilized column direct hemoperfusion; TM = thrombomodulin; WBC = white blood cells.
Data are presented as mean = SD or n (%).
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DISCUSSION The most important findings in this
case series are as follows: 1) we observed a high incidence
of encephalopathy in STEC O111-HUS patients
(21/34), especially in children (10/11), progressively
leading to death in 5 patients, but to complete
recovery in almost all surviving patients; 2) mPSL
pulse therapy was potendally effective for
encephalopathy; 3) neuroimaging showed marked
cerebral edema in patients who died; and 4) more
severe renal dysfunction led to a more severe
neurologic outcome.

The most prevalent STEC serotype, STEC O157
infection, caused HUS in 6.3% and death in 0.6%
(4.6% of STEC O157-HUS cases) of reported cases.'!
According to a recent large study in France, the fre-
quency of neurologic involvement in patients with
STEC-HUS is approximately 3%, and neurologic
complications lead to death in 17% of those affected.?
The STEC 0104 outbreak in northern Germany in
2011 was characterized by a large number of patients
with HUS (22%) and neurologic symptoms (26% of
children, and 48% of adult patients with HUS)®”13;

however, the mortality rates were 4.2% for patients

Neurology 82 February 18,2014

2

with STEC O104-HUS, and 1.4% for all patients,’
similar to those reported for STEC O157. The STEC
0111 outbreak in Oklahoma in 2008 was also char-
acterized by high frequencies of HUS (16.7%) and
neurologic symptoms (46% of patients with HUS)
but relatively low fatality rates, specifically 3.8% for
patients with STEC O104-HUS, and 0.6% for all
patients.” Compared with these data, the STEC
0111 outbreak in Toyama was characterized by a high
frequency of HUS (40%), encephalopathy in 62% for
STEC O111-HUS, and death in 24%, 15%, and
5.8% for encephalopathy, HUS, and all patients,
respectively.

We postulate 3 possible pathologic mechanisms for
neurologic complications in STEC infection: direct
Stx injury, inflammatory CNS responses, and neuro-
toxicity due to uremia. Stxs bind to globotriaosylcera-
mide (Gb3), the receptor expressed on the surface of
endothelial cells and internalized
through receptor-mediated endocytosis, and inhibit

neurons,'* are

protein synthesis through interaction with the 60S
ribosomal subunit thereby inducing apoptotic cell

death.’® Indicative of endothelial cell injury, the




{ Table 3 Characteristics of patients with and without mPSL

© Variable NomPSL(n=9)
Agey 283x243
Sex, M :

. Ingestion to enteritis,

‘ Ent

HUS to encephalopathy, d

AST, IU/L

 Creatinine, mg/dL

CRP, mg/dL

Thalamus lesion 81667}

Abbreviations: AST = aspartate aminotransferase; CRP = C-reactive protein; Hb = hemo-
globin; HUS = hemolytic-uremic syndrome; mPSL = methylprednisolone; NS = not signifi-

cant; PLT = platelets; WBC = white blood cells.
Data are presented as mean = SD or n (%).

neuropathology in animal models injected with Stx2
shows lesions suggestive of ischemic damage and arte-
riolar necrosis due to thrombotic microangiopathy.'”'8
Stxs that injure endothelial cells may negatively affect
the blood-brain barrier, and thereby infiltrating brain

14,19

parenchyma,'*"? where they can directly injure neu-

rons and result in neuronal dysfunction.?

Proinflammatory cytokines such as tumor necrosis
factor-o¢ (TNFE-o) and interleukin-18 (IL-18) mark-
edly increase the Gb3 content and Stx-binding to
brain endothelial cells, resulting in increased cytotox-
icity and upregulation of apoprotic cell death.?-?* A
rabbit model study in which animals were given IV
Stx2 injections showed that in addition to neuronal
apoptotic death, microglial activation and significant
upregulation of TNF-a and IL-18 transcription oc-
curs in the brain parenchyma.'® Activated microglia
are known to produce proinflammatory cytokines,?
and TNF-a directly induces neurodegeneration
through multiple pathways.?** Proinflammatory cy-
tokines are, therefore, closely related to the pathogen-
esis of STEC-encephalopathy. Gb3 is upregulated by
proinflammatory cytokines, and these cytokines are,
in turn, released through the interaction of Stxs with
activated microglia.

The high fatality rate in the STEC O111 outbreak
in Toyama resulted from progressive encephalopathy.
MRI or CT of 4 patients who later died revealed
acutely progressive cerebral edema and possible herni-
ation on days 1 to 3 within 48 hours after previous
imaging with no or little cerebral edema. These find-
ings were confirmed by postmortem neuropathologic
examination, which revealed severe noninflammatory

cerebral edema and herniation in 3 patients so exam-
ined (patients 3, 6, and 8).%® Previous reports of MRI
findings in patients with neurologic complications
associated with other STEC outbreaks, including
the STEC O104 outbreak in Germany, did not
describe acute and diffuse cerebral edema.®>*%7 In
addition, neither cerebral edema nor herniation was
documented on postmortem examination in 5 fatal
cases of STEC 0104 in Germany.” Therefore, it is
reasonable to consider that progressive encephalopa-
thy leading to severe cerebral edema is characteristic
of the STEC O111 infection in Toyama.

Clinical and neuroradiologic features and neuro-
pathologic findings of diffuse noninflammatory cere-
bral edema are similar to those observed in Japanese
children with infectious encephalopathy, especially
cases associated with influenza.?** Children with
STEC O111-HUS developed encephalopathy (10/11)
more frequenty than adules (11/25), which has also
been the case with influenza encephalopathy in Japan.
During the acute stage of influenza encephalopathy,
serum and CSF concentrations of inflaimmatory cyto-
kines (i.e., TNF-a and IL-6) are abnormally high in

many patients,’*

suggesting that cytokine storm has a
major role in the pathogenesis. Vascular injury leading
to brain edema has actually been ascribed to endothe-
lial damage caused by cytokines.”

Corticosteroids suppress proinflammatory cyto-
kine gene expression, and activate genes encoding in-
hibitors of inflammation.®® mPSL, IVIg, and other
therapies that suppress inflammatory cytokines have,
therefore, been recommended for influenza encepha-
lopathy.” mPSL therapy is effective for influenza
encephalopathy caused by hypercytokinemia such as
acute necrotizing encephalopathy, and improves neu-
rologic outcomes.”** Physicians in Toyama decided
to treat patients with STEC Ol11-encephalopathy
with mPSL and IVIg after May 1, 2011, based on
clinical, radiologic, and pathologic similarity to influ-
enza encephalopathy. We successfully showed that
mPSL pulse therapy increased the probability of a
good outcome. Indeed, no patient with STEC
Ol11-encephalopathy died after mPSL therapy.
Cytokine studies on affected patients in the STEC
O111 outbreak in Toyama showed more severe hy-
percytokinemia in 11 patients with severe STEC
0111-HUS (including 8 patients with encephalopa-
thy) than in 3 with mild HUS without encephalop-
athy,® supporting the hypothesis that cytokine storm
is important in the pathogenesis of STEC O111-
encephalopathy. Although no specific therapy has
been established for STEC-encephalopathy, plasma
exchange, eculizumab, and immunoabsorption treat-
ments have been proposed.® Corticosteroid therapy,
especially mPSL pulse therapy, should be considered
for the treatment of STEC-encephalopathy.
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Progressive encephalopathy leading to severe cere-
bral edema and death is not observed in countries
other than Japan. This may be because Japanese peo-
ple are genetically more susceptible to infectious
encephalopathy than people of other countries. Viral
encephalopathy, most often secondary to influenza
and human herpes virus 6, is the most prevalent type
of encephalopathy in Japanese children.?” Several syn-
dromes, such as acute encephalopathy with biphasic
seizures and late reduced diffusion, and acute necro-
tizing encephalopathy,?%% are by far more common
in East Asia than in the rest of the world. The mech-
anisms underlying racial or regional differences are
not fully understood; however, single nucleotide
polymorphisms of several genes, such as those for
the carnitine palmitoyltransferase II and adenosine
A2a receptors, are reported to be risk factors for acute
encephalopathy with biphasic seizures and late
reduced  diffusion.?** Differences in such single
nucleotide polymorphism frequencies between Japa-
nese and other individuals may account for racial
differences in neurologic symptoms associated with
viral or STEC infections. It is also possible that the
STEC O111 prevalent in Toyama was more toxic
than the previous STEC, but bacteriologic studies
to date have not elucidated the mechanism by which
this specific strain caused many cases with severe
complications.*

Renal function during the course of infection in
patients with a poor outcome was worse than in indi-
viduals with a good outcome. Because uremia per se
can cause brain dysfunction, and neurologic symp-
toms occur at the peak of renal dysfunction,” it is
possible that more severe uremia caused severe neu-
rologic symptoms resulting in accompanying poor
outcomes. Neither hemodialysis nor plasma exchange
affected the neurologic symptoms or outcome, which
were compatible with a previous study.® In addition,
some patients with STEC infection showed neurologic
symptoms in the absence of renal dysfunction,”? and
9% to 15% of patients with STEC-encephalopathy
showed cerebral dysfunction before the onset of
HUS.# These findings suggest that mechanisms
other than uremia, such as the direct effects of Stxs
and inflammatory responses in the CNS, may
have major roles in the pathogenesis of STEC-
encephalopathy.

Symmetrical lesions that we observed in our pa-
tients with STEC O111-encephalopathy in the lateral
thalamus, basal ganglia, external capsule, and dorsal
brainstem or cerebellum are similar to those reported
previously in patients with STEC-encephalopathy.>#7
This characteristic distribution may provide a radio-
logic clue for early diagnosis because, although it
takes time for microbiologic identification of STEC,
STEC-encephalopathy can be observed on the same

Measy
fei i i gf

day as HUS. Early diagnosis by radiologic identifica-
tion of STEC-encephalopathy could be a useful tool
promoting prevention of encephalopathy progression
through use of the suggested treatments described
herein.

Of interest, the ADC value revealed different pat-
terns in the thalamus with reduced diffusion compared
with the putamen and external capsule with increased
diffusion in the acute stage of STEC O111-
encephalopathy, suggesting that the former reflects
cytotoxic edema, and the latter vasogenic edema, prob-
ably due to breakdown of the blood-brain barrier.
Neuropathologic examination of 3 patients (patients
3, 6, and 8) revealed severe edema without inflamma-
tory cells in both the thalamus and basal ganglia,®
which could not explain the ADC difference. A neu-
ropathologic study involving patients with STEC
O104-encephalopathy revealed that astrogliosis and
microgliosis were prominent in the thalamus and
pons,” which were compatible with prominent cyto-
toxic edema in these regions. We know that Gb3 is
highly expressed in neurons of all brain regions in
patients with STEC O104 infection,” suggesting no
correlation between Gb3 distribution and MRI lesions.
We remain uncertain as to what determined the topo-
graphical pathology distribution seen on MRI.

Because we had to treat severely ill patients imme-
diately without any evidence-based protocol at the
beginning of this outbreak, the timing or combina-
tion of therapies for encephalopathy was not uniform.
We did not perform multivariate statistics to confirm
the effectiveness of mPSL because of the small num-
ber of patients. Definite treatment recommendations
cannot, therefore, be drawn directly from the study.
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