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SUMMARY

Shiga-toxin-producing Escherichia coli (STEC) infections usually cause haemolytic uraemic
syndrome (HUS) equally in male and female children. This study investigated the localization of
globotriaosylceramide (Gb3) in human brain and kidney tissues removed from forensic autopsy
cases in Japan. A fatal case was used as a positive control in an outbreak of diarrhoeal disease
caused by STEC O157:H7 in a kindergarten in Urawa in 1990. Positive immunodetection of Gb3
was significantly more frequent in female than in male distal and collecting renal tubules. To
correlate this finding with a clinical outcome, a retrospective analysis of the predictors of renal
failure in the 162 patients of two outbreaks in Japan was performed: one in Tochigi in 2002 and
the other in Kagawa Prefecture in 2005. This study concludes renal failure, including HUS, was
significantly associated with female sex, and the odds ratio was 4·06 compared to male patients
in the two outbreaks. From 2006 to 2009 in Japan, the risk factor of HUS associated with STEC
infection was analysed. The number of males and females and the proportion of females who
developed HUS were calculated by age and year from 2006 to 2009. In 2006, 2007 and 2009 in
adults aged >20 years, adult women were significantly more at risk of developing HUS in Japan.
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INTRODUCTION

In May 2011, a large outbreak of Shiga toxin (Stx)-
producing Escherichia coli (STEC) O104:H4 occurred

in Germany, resulting in more than 4000 patients
in 16 countries across Europe and North America
[1, 2]. This outbreak caused 855 cases of haemolytic
uraemic syndrome (HUS) and 54 deaths [3]. A total
of 68% of the patients with HUS were adult women
[4]. However, Werber et al. reported that adult
women had higher odds of developing HUS [odds
ratio (OR) 1·83] in the outbreak of STEC O104:H4

* Author for correspondence: Dr J. Fujii, Division of Bacteriology,
Department of Microbiology and Immunology, Faculty of
Medicine, Tottori University, 86 Nishi-cho, Yonago City, Japan
(Email: junfujii@med.tottori-u.ac.jp)

Epidemiol. Infect. (2016), 144, 952–961. © Cambridge University Press 2015
doi:10.1017/S0950268815002289

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0950268815002289
Downloaded from https://www.cambridge.org/core. Tottori University Library, on 01 Sep 2021 at 00:01:39, subject to the Cambridge Core terms of use, available at

http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268815002289&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268815002289&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268815002289&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268815002289&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268815002289&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268815002289&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268815002289&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268815002289&domain=pdf
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0950268815002289
https://www.cambridge.org/core


[5], but this was not statistically significant. HUS
consists of the triad of acute haemolytic anaemia,
thrombocytopenia, and acute renal dysfunction [6].
In Japan, the first outbreak of STEC O157:H7 infec-
tion occurred in 174 children in a nursery school in
Saitama. The bacterium was isolated from tap
water supplied from a well at the school. Fourteen
cases developed complete HUS defined by uraemia,
anaemia and thrombocytopenia, while six cases
developed incomplete HUS and two boys died with
intractable generalized seizures within 3 days after
onset of diarrhoea [7]. Between May and December
1996, there were 9451 cases and 12 deaths from
STEC O157:H7, representing 16 total outbreaks
involving >10 patients each, including the Sakai
City incident [8] in July 1996, where an outbreak
of STEC O157:H7 infection occurred in schoolchil-
dren. Lunch foods supplied in the elementary schools
in Sakai were found to be contaminated with STEC
O157:H7. One hundred and twenty-one cases of
HUS developed in 12 680 symptomatic patients, in-
cluding putative secondary infections, and three
girls died during the outbreak [9]. In this large out-
break, sex was not associated with progression to
complete or incomplete HUS [10]. Moreover, in
1996, an outbreak in Central Scotland involved the
hospitalization of 120 patients [11]. In that outbreak
34 patients developed HUS; 28 of whom were adults,
and 16 deaths in adults were associated with STEC
O157:H7 infection. Progression to HUS was also
not associated with sex in that outbreak [11]. In
2002, two outbreaks of STEC O157:H7 infection
occurred in patients in a psychiatric inpatient unit
and residents of care homes for the elderly in
Utsunomiya, Tochigi Prefecture, Japan. One hun-
dred and twenty-three individuals developed diar-
rhoea or bloody diarrhoea, five developed HUS,
and nine died. In 2005, two clusters of diarrhoea
occurred in patients in two care homes for the
elderly in Kagawa Prefecture, Japan. Of 263 elderly
residents, 39 developed a gastrointestinal illness
including bloody diarrhoea, five developed HUS,
and seven patients died. STEC O157 was isolated
from the patients with diarrhoea and the pickled
Chinese cabbage provided at breakfast and dinner.
From clinical signs and laboratory data, many useful
predictive clinical mortality risk factors were investi-
gated during this outbreak.

The Stx family, including Stx1 and Stx2, comprises
1A and 5B subunit proteins. The A subunit has
N-glycosidase activity that removes adenine 4324 of

28S RNA of the 60S ribosomal subunit [12], rendering
ribosomes inactive for protein synthesis. Each B sub-
unit binds with high affinity to the glycosphingolipid
globotriaosylceramide (Gb3), which is present in
specific host/mammalian cells [13]. Gb3 is identical
to CD77 antigen as a marker for B-cell Burkitt’s
lymphoma [14]. This study focused on detecting the
localization of the Stx receptor, Gb3, in human
brain and kidney tissues removed from 33 autopsy
cases in Japan. The relationship between the presence
of Gb3 and the sex and age of humans was analysed.
To confirm the results of this experiment, a retrospect-
ive analysis of predictors of renal failure in the com-
bined infected patients who suffered from a
gastrointestinal illness including diarrhoea or bloody
diarrhoea admitted to the hospital during the two
above outbreaks in Kagawa and Tochigi prefectures
was performed.

Finally, the Infectious Disease Surveillance Center
(IDSC) of the National Institute of Infectious
Diseases (NIID) in Japan has recorded the number
of cases of HUS since 1996. This study analysed the
sex and age distribution of HUS from 2006 to 2009
in Japan.

MATERIALS AND METHODS

Localization of CD77 in human brain and kidney from
forensic autopsies

Human brain and kidney tissues were obtained from
forensic autopsies of 33 individuals, including 20
adults (10 male, 10 female) and 13 infants (7 male, 6
female), all without brain tumours, brain lesions or
renal dysfunction. The average age of adults and
infants was 46·6 ± 12·3 years and 10·1 ± 8·68 months,
respectively. The causes of death were loss of blood
(50%) or haemorrhagic shock (50%) in adults, and
sudden infant death syndrome (23%), asphyxia
(38·5%) or unknown (38·5%) in infants. In all cases,
the interval between death and autopsy was <24 h.
Tissues were sectioned (5 µm thick), fixed for 3 days
in 10% formalin, and embedded in paraffin. To detect
Gb3 immunohistochemically, monoclonal rat anti-
human CD77 antibody (Immunotech, USA) was
used. The peroxidase-conjugated streptavidin-biotin
method was used for staining of paraffin-embedded
sections. Using the immunohistochemical sections
from each autopsy, Gb3-positive tissues were discov-
ered. The percentage of autopsy cases which indicated
a positive immunodetection of Gb3 was calculated
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with an adult denominator of 10 males and 10 females
and an infant denominator of 7 males and 6 females.
Comparisons of the Gb3-positive cases (adult vs. in-
fant, male vs. female) were performed by Fisher’s
exact two-tailed test. The receptor for Stx was
detected in paraffin-embedded sections. It became
apparent that the glycolipid antigen Gb3 was detect-
able and remained in spite of exposure of tissue to pro-
cessing reagents such as alcohol and xylene utilized in
the deparaffinization procedure [15]. As a positive
control, paraffin-embedded kidney and brain sections
were obtained at autopsy from a 4-year-old boy
with incomplete HUS and central nervous manifest-
ation who subsequently died from STEC infection in
Saitama Children’s Medical Centre in 1990 [7].
All the procedures were performed according to
the guidelines of the Japanese Society of Legal
Medicine.

Retrospective analysis of predictors of death in infected
patients admitted to the hospital in two care homes for
the elderly in Kagawa Prefecture, Japan

For all patients admitted to hospital, data such as
premorbid illness, antibiotic therapy, symptoms,
signs, management, and complications were collected
from case records. The study included all patients
with confirmed and probable cases of STEC infection
who were admitted to the hospital during the out-
break. Patients were considered confirmed cases if
the outbreak strain was isolated from their stool sam-
ple using the standard culture method. Patients were
considered to be probable cases if they had bloody
diarrhoea or HUS and had eaten the implicated
pickled Chinese cabbage. Complete HUS was
defined as follows: evidence of anaemia (haemoglo-
bin level <10 g/dl), thrombocytopenia (platelet
count <106 cells/l), and acute renal impairment
(serum creatinine level greater than reference value
for age). Incomplete HUS was defined by any two
of the criteria for complete HUS. Demographic char-
acteristics including age and sex, presence or absence
of bloody diarrhoea, detection of STEC in stool spe-
cimens, bedridden status, laboratory variables, and
antibiotic therapy were assessed in relation to out-
come measures of death by statistical analysis.
Statistical significance for the difference in frequency
between categorical variables was assessed by
Fisher’s two-tailed exact test. For bedridden status,
logistic regression analysis was done to estimate the
OR and its 95% confidence interval (CI) for the

association between exposure and outcome.
Laboratory data was monitored for all possible
patients who were admitted to hospital. White
blood cell (WBC) count, haemoglobin, urea, and cre-
atinine were assessed as predictors of death based on
the results from the first blood sample obtained.
Judgement on the degree of bedridden status in dis-
abled elderly persons was determined [16]. J1 and
J2 signify that the patients are independent – capable
of leaving the house and have a high degree of mobil-
ity; A1 and A2 signify the patients are partially bed-
ridden – generally housebound; B1 and B2 signify the
patients are completely bedridden; and C1 and C2
signify the patients are completely bedridden and im-
possible to turn over in bed.

Antibiotic therapy for gastroenteritis was prescribed
according to Japanese guidelines.Fosfomycinor levoflox-
acinwas given to 16patients in care homeno. 1.The study
was approved by the Ethics Committee of Kyushu
University Faculty of Medical Sciences.

Retrospective statistical analysis of risk factors for
HUS or renal failure caused by STEC in Japan

Consistent with the results of the immunodetection
of Gb3 in human autopsy cases, the study performed
a retrospective analysis of the predictors of renal
failure in the combined 162 infected patients during
the two outbreaks. In the 2002 outbreak in Tochigi
Prefecture, 123 patients developed diarrhoea or
bloody diarrhoea, including five cases of HUS and
nine patients who died. In another outbreak of
STEC infection in Kagawa Prefecture in 2005, 39
patients developed diarrhoea or bloody diarrhoea, in-
cluding five who developed HUS and seven who died.
In the present study, 162 cases had gastrointestinal
symptoms, including diarrhoea or bloody diarrhoea.
Eight patients had complete HUS, 17 had renal fail-
ure, including complete or incomplete HUS, and 17
who were admitted to hospital died. Retrospective
statistical analysis was performed. The difference in
outcome measures (renal failure including HUS and
death) between female and male patients was tested
statistically using the Mantel–Haenszel method to ad-
just for age group (<60, 60–69, 70–79, 580 years).
Outcome measures included HUS or renal failure
(serum creatinine level greater than reference value
for age). Complete HUS was defined as above. The
median age of the study patients was 68·8 ± 19·1
years, and 59% were female. The study was approved
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by the Ethics Committee of Kyushu University Faculty
of Medical Sciences.

Sex distribution of HUS patients infected with STEC
from 2006 to 2009 in Japan

Due to the small number of adult HUS cases in the
study, it was determined necessary to carry out
further confirmation, based on surveillance data pub-
lished by the IDSC in Japan, in order to demonstrate
the link between female sex and STEC infection. The
IDSC have performed surveillance of HUS in Japan
every year since 1996. The study analysed sex and
age distribution of HUS in Japan from 2006 to
2009. The number of males and females and the pro-
portion of females who developed HUS were calcu-
lated by age (<5, 5 to <20 years, 520 years) and
calendar year (2006–2009). The stool samples of all
HUS cases were tested for the presence of STEC
infection. One-sample test of proportion was used
to test the difference of sex for each combination of
age group and calendar year, as well as for their
subtotal.

Statistical analysis

All analysis was performed using Stata version 10.1
(StataCorp., USA).

RESULTS

Localization of CD77 in human brain and kidney from
forensic autopsies

This study analysed the relationship between the pres-
ence of Gb3 and sex and age. Gb3 immunoreactivity
was localized in the Purkinje cells in the cerebellum,
blood vessels, neurons and the ependymal cell layers
surrounding the ventricle (Fig. 1). Positive immunode-
tection of Gb3 in blood vessels and neurons was more
frequent in infant brain tissues than in adult brain tis-
sues (Table 1). In the kidney samples, Gb3 was more
readily detectable in mesangial cells of infants than
adults (P < 0·01) (Table 1). Females had a more fre-
quent positive reaction than males for Gb3 in the dis-
tal tubules and collecting tubules of the kidney
(Table 1). In the positive controls, Gb3 was detected
in Purkinje cells, neurons, brain microvascular endo-
thelial cells, and mesangial cells of the kidney sample
in the fatal case of a 4-year-old boy in Urawa in 1990
(Fig. 1).

Retrospective analysis of predictors of death in infected
patients admitted to hospital in two care homes for the
elderly in Kagawa Prefecture, Japan

In this study, 52 people with confirmed and probable
cases of STEC infection were identified by stool cul-
ture. Thirty-nine patients had gastrointestinal symp-
toms including diarrhoea or bloody diarrhoea.
Thirteen residents were asymptomatic with positive
stool culture. Date of onset of illness ranged from 12
October to 2 November 2005. Three patients had
complete HUS, two had an incomplete form of
HUS, and all five patients with HUS who died had
neurological complications. The mortality rate in
symptomatic patients was 18% (7/39). Seven of the
hospitalized patients died. Bloody diarrhoea was
significantly associated with death (Table 2). When
logistic regression analysis was carried out, with
adjustment for age, sex and home, completely bedrid-
den status (C1 and C2) was significantly associated
with death (OR 8·4, 95% CI 1·2–57·2, P = 0·023). By
univariate analysis, WBC count >1·02 × 1010 cells/l
(P = 0·039) was significantly associated with death
(Table 3). In care home no. 1, 19 (73%) of 26 of the
hospitalized patients were treated with levofloxacin
or fosfomycin after onset of symptoms, and seven
(27%) of 26 patients had no antibiotic treatment.
This difference did not reach significance (Table 3).

Retrospective statistical analysis of risk factors for
HUS or renal failure caused by STEC in Japan

The association between sex and renal failure in two
outbreaks is shown in Table 4. Renal failure occurred
in 15/95 female patients and in 2/67 men. Logistic re-
gression analysis with adjustment for age was done to
investigate the relationship between sex and renal fail-
ure or death due to STEC infection.

Renal failure including HUS was significantly asso-
ciated with female sex (OR 4·06 with adjustment for
age, P= 0·046). Death occurred in 14/95 female
patients while in male patients the number of deaths
was 2/67; however, sex was not significantly associated
with death (OR 3·61 with adjustment for age
P = 0·11).

Sex distribution of HUS patients infected with STEC
from 2006 to 2009 in Japan

For adults aged ≥20 years in 2006, 2007, and 2009,
HUS was significantly associated with female sex
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(Fig. 2). Only in 2008, for patients aged between 5 and
20 years, was HUS significantly associated with fe-
male sex (Fig. 2). This study concluded that, in

Japan, adult women had a significantly greater risk
of developing HUS. Additionally, in 2006, 2007,
2008 and 2009, the percentage of stool samples

Fig. 1. Localization of Gb3 in (a) human brain and (b) kidney. (a) In some forensic autopsy cases without brain and renal
lesions, Gb3 expression was negative (Neg). In other autopsy cases, Gb3 was positive (Pos) in Purkinje cells (Pur) of the
cerebellum and neurons (Neu), blood vessels (Blo), and ependymal cells (Epe) around the ventricle. Gb3 was detected in
Purkinje cells and neurons, blood vessels, and ependymal cells of a fatal case (Patient). (b) As with the kidney tissues in
some forensic autopsy cases, Gb3 was positive (Pos) in mesangial cells (Mes), proximal tubules (Pro) and collecting
tubules (Col). Gb3 was negative in other specimens of human kidney (Neg). Gb3 was detected in mesangial cells of a fatal
case (Patient).
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which tested positive for the STEC infection were
70%, 63%, 68% and 66% respectively.

DISCUSSION

This study investigated the localization of the glyco-
sphingolipid receptor Gb3 in human brain and renal

tissues removed from 33 autopsy cases in Japan. The
occurrence of Gb3 immunoreactivity in the distal
tubules and collecting tubules from female kidneys
was greater than in male kidneys. Gb3 immunoreac-
tivity in mesangial cells was more frequent in infant
than in adult kidneys. STEC-associated HUS is
most prevalent in infants and young children and is
the most common cause of acute renal failure in child-
hood [17]. Chaisri et al. reported that binding of Stx1
and Stx2 was lower in an adult female patient than a
female infant and was limited only to the renal tubules
of the adult female, while more binding of Stx1 and
Stx2 (Stxs) was found in renal tubules and glomeruli,
including podocytes, mesangial and endothelial cells
in the infant female than the adult female [18].
Uchida et al. reported a case of Stxs bound to the dis-
tal tubules of an infant female in 1999 [19]. Based on
the relationship between mean arterial pressure and
renal sympathetic nerve activity, the cause of death
in the rabbit model was circulatory failure caused by
impairment of the cardiovascular centre in the me-
dulla [20]. Akashi et al. reported that two patients
died of intractable tonic-clonic seizures with incom-
plete HUS in the outbreak at the nursery school in
Saitama [7]. Brain dysfunction is an important pre-
dictive factor for HUS and mortality in children
[21–23]. Consistent with the suggestion that Stxs
may have a direct toxic action on the neuron and
microvascular endothelia in in the infant brain, the
results of this study demonstrates that positive immu-
nodetection of Gb3 was more frequent in infant brain
tissues than in adult brain tissues.

In the outbreak in Kagawa Prefecture in Japan, 425
people had consumed pickled Chinese cabbage at
breakfast and dinner. Of these 425 people, 39 patients
who developed diarrhoea or bloody diarrhoea, plus 13

Table 1. Percentage of autopsy cases indicating positive immunodetection of Gb3

Infants Adults P value

Male Female Male Female Adult vs. infant Male vs. female

Brain
Purkinje cells 86 100 50 60 0·05 0·71
Blood vessels 43 50 10 10 <0·05 1·0
Neurons 86 83 10 40 <0·05 0·49

Kidney
Mesangial cells 71 100 10 10 <0·01 0·73
Proximal tubules 29 17 0 0 0·05 1·0
Distal tubules 14 67 0 40 0·43 <0·01
Collecting tubules 43 100 20 70 0·28 <0·01

Table 2. Demographic features, clinical signs, stool
culture, and bedridden status for 52 patients infected
with STEC O157:H7

Factor

No. (%) of
patients

Fisher’s exact
testSurvived Died

No. of patients analysed 45 (87) 7 (13)

Demographic data
Age, yr

485 20 (38) 4 (7·7) P= 0·69
>86 25 (48) 3 (5·8)

Sex
Male 16 (31) 0 (0) P= 0·09
Female 29 (56) 7 (13)

Bloody diarrhoea
Yes 16 (31) 7 (13) P< 0·01
No 29 (56) 0 (0)

Stool culture of STEC
O157:H7
Positive 32 (62) 5 (9·6) P= 1·0
Negative 13 (25) 2 (3·8)

Care home for the
elderly
No. 1 35 (67) 4 (7·7) P= 0·23
No. 2 10 (19) 3 (5·8)

Bedridden status
Independent or
partially

38 (73) 3 (5·9) P< 0·05

Completely 7 (13) 4 (7·7)
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asymptomatic patients with STEC in stool specimens
were identified. There were 52 patients who were consid-
ered to be probable and confirmed cases infected with
STEC. In outbreaks of STEC, severe bloody diarrhoea
in elderly patients is fatal even without detecting STEC
in stool specimens. Ikeda et al. reported that STEC inpa-
tients who took fosfomycin within the first 2 days of ill-
ness developed HUS significantly less often than those
who did not [24]. In care home no. 1 in the Kagawa

outbreak, fosfomycin and levofloxacin also had no effect
on patients upon admission to hospital.

In laboratory tests, WBC count >1010 cells/l was
significantly associated with death caused by STEC.
Ikeda et al. reported that clinical features associated
with hospitalized patients who developed HUS com-
pared to those without HUS included C-reactive pro-
tein (CRP) level >1·2 mg/dl, WBC count >1·1 × 1010

cells/l, and temperature >38·0 °C [25]. The results of

Table 3. Laboratory test results and antibiotic treatment obtained on patients admitted to hospital in care home no. 1
for the elderly

No. (%) of patients

Fisher’s exact testSurvived Died

No. of patients analysed 22 (85) 4 (15)

Test results

WBC count >1·02 × 1010 cells/l*
Yes 8 (32) 4 (16) P < 0·05
No 13 (52) 0 (0)

Platelet count <1·86 × 1011 cells/l*
Yes 9 (36) 4 (16) P = 0·10
No 12 (48) 0 (0)

Haemoglobin level <12·1 g/dl*
Yes 12 (48) 1 (4) P = 0·32
No 9 (36) 3 (12)

C-reactive protein >1·8 mg/dla

Yes 10 (40) 2 (8) P = 1·0
No 11 (44) 2 (8)

Creatinine level >0·91 mg/dl
Yes 9 (35) 4 (15) P = 0·10
No 13 (50) 0 (0)

Urea concentration >19·3 mg/dl
Yes 9 (35) 4 (15) P = 0·10
No 13 (50) 0 (0)

Admission treatment of patients infected with STEC O157:H7

Levofloxacin
Yes 16 (62) 3 (12) P = 1·0
No 6 (23) 1 (3·8)

Fosfomycin
Yes 16 (62) 3 (12) P = 1·0
No 6 (23) 1 (3·8)

* Data missing for one patient.

Table 4. Association between sex and renal failure in two outbreaks

No. of patients with renal failure/total no. of diarrhoea cases

<60 yr 60–69 yr 70–79 yr 580 yr

Women 1/19 (5·3%) 2/8 (25%) 2/21 (9·5%) 10/47 (21·3%)
Men 0/24 (0%) 0/19 (0%) 2/14 (14·3%) 0/10 (0%)
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the present study revealed that like those reported for
HUS, WBC count may be an important indicator for
progression to death; however, CRP was not signifi-
cantly associated with death caused by STEC in
Kagawa Prefecture.

Su&Brandt reported case-fatality rates for STEC in-
fection of 3–36% in elderly residents of nursing homes

[26]. In the United States from 1982 to 2002, gastro-
intestinal infection progressed toHUS in 4% of patients
and death in 0·5% [27]. In our study, the mortality rate
in symptomatic patients was 18% (7/39). However, in
residents aged >65 years, there was no association
between age and death caused by STEC infection.

To confirm the risk factors for STEC infection, a
retrospective analysis of predictors of renal failure in
infected patients admitted to hospital was performed
during the Kagawa and Tochigi Prefecture outbreaks
in Japan. The analysis revealed that female sex was a
risk factor for renal failure including HUS associated
with STEC infection (Table 4). Rowe et al. reported
that girls had a significantly greater risk than boys
of developing haemolytic anaemia after STEC O157:
H7 infection in a retrospective cohort study of 72 chil-
dren [28]. However, previous reports on outbreaks of
STEC have not established a link between HUS in-
cluding renal failure and the sex of the patient. In
the Sakai City STEC outbreak, 98% of HUS cases oc-
curred in patients aged <12 years [10]. In the Central
Scotland outbreak, 22% of cases involved HUS in
patients aged <15 years [11]. In this study, renal fail-
ure, caused by STEC, occurred in patients aged
558 years. In older populations, adult females may
have a greater risk factor of contracting HUS.
Forensic autopsies highlighted that Gb3 immunoreac-
tivity in distal tubules and collecting tubules was more
frequent in females than in males. This evidence may
be associated with the risk of HUS and renal failure
being more frequent in females. Generally, infants
were more likely to be susceptible to HUS caused by
STEC than adults, and adult HUS cases were rare.
Therefore, as our next step, gender factor in adult
HUS cases in Japan were analysed.

In this study, data from surveillance conducted by
the IDSC between 2006 and 2009, revealed that detec-
tion rates of STEC infections in stool samples in
Japanese HUS cases were high, measuring between
63% and 70%. Their data show that female sex is asso-
ciated more with the risk of HUS than age in the adult
population. The present study concludes that female
sex is a risk factor for HUS caused by STEC infection
in Japan.

In 2008 and 2009, HUS cases linked to beef were
39% and 33%, respectively. However, there is no evi-
dence to suggest that adult females ate more beef
than males during this period.

Recently, it has been suggested that there is an asso-
ciation between HUS and gender. In 2014, an out-
break of STEC O157:H7 infection occurred at a

Fig. 2. Sex distribution of haemolytic uraemic syndrome
(HUS) patients infected with STEC in Japan. In patients
aged ≥20 years, females were significantly more at risk of
developing HUS in 2006, 2007 and 2009 (** P < 0·01,
* P< 0·05). In patients aged 5 to <20 years, females were
at significantly greater risk of developing HUS in 2008
(* P < 0·05).
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fireworks display in Sizuoka Prefecture, Japan.
Lightly pickled cucumbers consumed from mobile
kitchens were identified as the source of infection
after an epidemiological study was performed. Five
hundred and thirteen patients developed diarrhoea
or bloody diarrhoea, of which five developed HUS.
All HUS cases were female (aged 1, 5, 6, 9, 19
years). The outbreak strongly supports the hypothesis,
that in Japan, females are at greater risk of developing
HUS than males.

The research does not take into account the effect
that the food vehicle or eating habits of the sexes
played in the transmission of Stx, as no accurate
data were available. However, it is felt that the im-
portance of the food vehicle in this study was miti-
gated as food servings and portions were similar in
all the HUS cases due to the outbreak occuring in
three care homes where food servings were similar.
The adverse effects should be further investigated in
future studies.
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