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BACKGROUND: No epidemiological studies have examined risk factors for early spontaneous abortions among fapanese women. In this
matched case~control study, we investigated the associations of reproductive, physical, and lifestyle characteristics of women and their hus-
bands with early spontaneocus abortion <12 weeks of gestation.

METHODS: Information was collected through medical records for 430 cases of early spontaneous abortion and 860 controls of term
delivery. Two controls were individual-matched to one case according to maternal age (+ 3 years) and calendar year of events (either
early spontaneous abortion or delivery). Multivariable conditional odds ratios (ORs) and 95% confidence interval {Cl) were calculated
with conditional logistic-regression.

RESULTS: The risk of early spontaneous abortions was higher for women with a past history of early spontaneous abortions; OR was 1.98
(55% Cl: 1.35, 2.89) for one previous spontaneous abortion, 2.36 (95% Cl: 1.47, 3.79) for two, and 8.73 (95% Cl: 5.22, 14.62) for three or
more. Other factors also influence risk; an OR of 2.39 (95% Cl: 1.26, 4.25) was found for women who smoked, and 1.65 (95%Cl: 1.17, 2.35)
for wormen working outside the home.

CONCLUSIONS: Our finding suggests that for Japanese women, smoking and working may be important public health issue targets for the

prevention of early spontaneous abortions.

Key words: spontaneous abortion / Japanese / case—control study / employment / smoking

Introduction

Spontaneous abortions are serious life events. The frequency of early
spontaneous abortions is estimated to be 10—~ 15% of clinically recog-
nized pregnancies and as many as 30% of clinically unrecognized preg-
nancies (Wilcox et al., 1988).

Chromosomal abnormalities of the fetus and increasing maternal
age are the major risk factors of early spontaneous abortions (Fretts
et al., 1995; Cunningham et al, 2010). Ogasawara et al. reported
that 50% of recurrent spontaneous abortions and 70% of sporadic
spontaneous abortions among Japanese women were attributable to
chromosomal abnormalities of the fetus. However, that study
focused only on the relationship between embryonic karyotype and

the number of previous spontaneous abortions without any adjust-
ment for maternal age (Ogasawara et al., 2000). Some other potential
risk factors that have been considered for early spontaneous abortions
include a previous history of early spontaneous abortions (Regan et al.,
1989), underweight (Helgstrand and Andersen, 2005; Maconochie
etal., 2007), obesity (Lashen et al., 2004), uterine defects (Cunningham
et dl., 2010) and lifestyle factors such as maternal smoking, alcohol con-
sumption (Armstrong et al., 1992; Larsen et al., 2008) and employment
status (Hemminki et al., 1980). Yuan et al. reported that the frequency
of spontaneous abortion among Japanese women tended to be higher
among mothers who reported and smoking during pregnancy (spon-
taneous abortions for non-smokers constituted 17.9% for all pregnan-
cies and 30.8% for smokers who smoke |~10 cigarettes per day),

© The Auther 2010. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. Al rights reserved.
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but they did not adjust for maternal age (Yuan et al, 1994, in Japanese).
Furthermore, Sado (1995, in Japanese) indicated that women in
employment had higher risk of early spontaneous abortions, but did
not adjust for maternal age, either. Few epidemiological investigations
have been conducted concerning risk factors for early spontaneous
abortions in Japan or other Asian countries.

Therefore, we conducted a case—control study matched for
maternal age to evaluate the risk factors of early spontaneous abor-
tions among Japanese women.

Methods

Study subjects

A hospital-based matched case—control study was conducted at Osaka
Medical Center and Research Institute for Matemal and Child Health in
lzumi city, Osaka, Japan which provides high-quality medical care using
advanced technology, but also functions as the core hospital of the local
area. The cases were selected consecutively. The case patients were all
women who had identified early spontaneous abortions and had been hos-
pitalized for a medical procedure with <12 weeks of gestation from January
2001 to December 2005 at the referral hospital. A total of 430 women were
enrolled in this study. For the women who experienced two or more early
spontaneous abortions in this period, the information for the last pregnancy
was registered. Pregnancies were confirmed by positive human chorionic
gonadotropin tests.

Of the 6169 women who underwent term deliveries from January 2001
to December 2005 in the referral hospital, 860 controls (2 controls per
case) were randomly selected by matching the age of women (3
years) and calendar year of events (either early spontaneous abortion or
delivery).

The study was approved by the Ethics Committee of Osaka Medical
Center and Research Institute for Maternal and Child Health and it was
agreed that data collected through medical records would be used for
this retrospective study, based on guidelines by the Council for Inter-
national Organizations of Medical Science (1991).

Measurement of risk factors

The data were collected through medical records. We collected data on
maternal age, height, pre-pregnancy weight, reproductive history, lifestyles
and husbands’ characteristics. Reproductive history included the number
of past pregnancies, deliveries, induced abortions and early spontaneous
abortions, as well as age at menarche, treatment for infertility (e.g. induc-
tion of ovulation, artificial insemination by husband, in vitro fertilization,
other and unknown). Lifestyle habits included maternal smoking and
amount of daily smoking, and drinking status (current drinker or not).
Maternal and husbands’ smoking status was divided into non-smokers
(never and ex-smmokers) and current smokers of |-19 cigarettes per
day and >20 cigarettes per day. We categorized women who ‘quit
after learning of pregnancy’ as ‘current smoker’ in maternal smoking
status, because smoking before learning of a pregnancy could already
have had an effect on early spontaneous abortions."We categorized home-

.
.

.
.

maker as not employed, and the others as women employed because of :

the small numbers of women in each employment category (clerk, sales
clerk, hairdresser, medical staff, teacher, children’s nurse, service industry
worker, student and others).

Statistical analysis

Data were analyzed using conditional logistic-regression model for a
matched case—econtrol study. Conditional odds ratios (ORs) with 95%

confidence intervals (Cls) of early spontaneous abortions were calcu-
lated to examine the contribution of potential risk factors. Missing
values were included as dummy variables in the analyses. To examine
the effects a past history of spontaneous abortion could have all on
potential risk factors, we also calculated the risk of early spontaneous
abortions in terms of a combination of variables comprising past history
of spontaneous abortion and other potential risk factors. We then
checked for statistically significant interactions by using cross-product
terms of past history of spontaneous abortion and other potential
risk factors,

All analyses were two-tailed, and P < 0.05 was regarded as statistically
significant. SAS, version 9.13 (SAS Institute, Inc., Cary, NC, USA) was used
for all statistical analyses.

Results

Ages of cases were hormally distributed from 17 to 45 years old. The
mean (standard deviation: SD) age was 32.5 (5.20). There was no
difference in the distribution of age by year (Table 1).

Table Il presents crude and multivariable conditional ORs and 95%
Cls of early spontaneous abortions associated with reproductive,
physical, lifestyle and husband characteristics. These results did not
alter materially when a past history of early spontaneous abortion
was excluded as an adjustment variable. There was a strong trend
toward increased odds of an early spontaneous abortion among
women with an increasing number of past early spontaneous abor-
tions. The multivariable ORs (95% Cl) of early spontaneous abortions
were 1.98 (1.35, 2.89) for one, 2.36 (1.47, 3.75) for two and 8.73
(5.22, 14.62) for three or more previous spontaneous abortions.

Of the lifestyle characteristics, smoking and being employed were
associated with the risk of early spontaneous abortions. Current
maternal smoking of >20 cigarettes per day, i.e. heavy smoking for
women, was associated with a two times higher risk of early spon-
taneous abortions; multivariable OR was 2.39 (1.26, 4.25). Women
who were employed had an ~65% higher risk of early spontaneous
abortions. Husband's age >40 years was associated with an ~60%
higher risk of early spontaneous abortions in crude analysis, but in mul-
tivariable analysis, the association was no longer statistically significant.
Past history of induced abortions, age at menarche, treatment for
infertility, body mass index, alcohol consumption and husband's
smoking were not associated with the risk of early spontaneous
abortions.

We had a large number of missing data on husband's smoking and
employment. When we restricted the analysis to women without
missing data, the results did not alter substantially. For example,
when the subjects without husband’s smoking information were
excluded from the analysis, the association between risk of early
spontaneous abortion and employment remained statistically signifi-
cant. The muitivariable OR for being employed was 2.81 (95% Cl:
1.40-5.65).

To examine the effect past history of early spontaneous abortions
could have on the association between potential risk factors and
risk of early spontaneous abortions, we further calculated the risks
by combining the variable of past history with that of employment
and with that of maternal smoking (Tables Ill and IV). The ORs of
the combined variables were additive, and no interaction was
observed between history of early spontaneous abortions and these
associations (P for interaction was >0.20).
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Table | Distributions of women with early spontaneous abortions (cases) and controls (term deliveries) by maternal age

and calendar year.

Maternal age Calendar year
2001 2002 2003 2004 2005 Total (% of total)

Case (n = 430) <25 6 7 2 8 2 25 (5.8)

25-29 26 15 19 16 17 93 (21.6)

30-34 27 37 24 36 28 152 (35.3)

35-39 19 19 27 22 34 121 (28.1)

>40 4 9 5 12 9 39 (9.1)

Total 82 87 77 94 90 430 (100.0)
Control (n = 860) <25 12 14 8 17 5 56 (6.0)

25-29 56 44 44 39 39 222 (25.8)

30-34 58 69 46 72 67 312 (36.3)

35-39 30 38 5i 42 59 220 (25.6)

>40 8 9 5 18 10 50 (5.8)

Total 164 174 154 188 180 860 (100.0)

Discussion (Hemminki et al., 1980). Another investigation of Japanese pregnant

In this matched case~control study of Japanese women, we show that
a past history of early spontaneous abortions, smoking and being
employed are associated with increased risk of early spontaneous
abortions. These relationships were not substantially altered in the
multivariable adjustment models.

In this study, smoking =20 cigarettes per day was associated with
a 2-fold or higher risk of early spontaneous abortions, which is in
concordant with the finding of some previous studies (Armstrong
et al., 1992; Risch et al., 1998; Maconochie et al., 2007), but not all
(Windham et al., 1992; Rasch, 2003; Wisborg et al., 2003). Smoking
and a history of early spontaneous abortions had an additive effect
on the risk of early spontaneous abortions. Maternal smoking has
been found to lead to smoking-associated placental insufficiency and
fetal hypoxia (Crattingius and Nordstrém, 1996; Metwally et dl.,
2008a,b). In Japan, the prevalence of smoking by young women has
increased during the last half century. The prevalence of smoking by
women aged 20-29 increased, from 6.6% in 1965 to 18.1% in
2008, and the corresponding findings for women aged 30-39 were
13.5 and 19.3% (Ministry of Health, 2006, in Japanese). Therefore,
refraining from smoking by women of reproductive age may be an
emerging public health issue in Japan.

In this study, we found that women in any type of employment
had a 60% higher risk of early spontaneous abortions. We also
found that being employed and history of early spontaneous abor-
tions had an additive effect on the risk of early spontaneous abor-
tions. Maternal employment, when it involves long hours or is
physically demanding, may also affect other pregnancy outcomes
such as preterm birth, small for gestational age, and maternal hyper-
tension, but, in recent investigations, this has not been demonstrated
for early spontaneous abortions (Mozurkewich et al., 2000; Saurel-
Cubizolles et al., 2004). Several studies showed that women in
specific occupations had higher risk for early spontaneous abortions.
For example, one investigation of Finnish women in 1980 indicated
that women in several occupational groups such as construction
work and agricuiture were at a higher risk than women without
paid occupation, maybe from the physically demanding task

women found that the proportion of early spontaneous abortions
was significantly higher for women with any type of employment
compared with women who were not employed: 13.1 versus 8.9%
although they did not adjust for the age of women (Sado, 1995, in
Japanese). However, to our knowledge, no studies from the other
countries have shown any association between employment status
and early spontaneous abortions (Saviz et al, 1997, Maconochie
et al, 2007), A possible explanation for the magnitude of the
effect that being employed has on the risk of spontaneous abortion
for Japanese women may be the unequal division of house work
between men and women. Time devoted to childcare by japanese
women is similar to that by European women (l12min in Japan
versus 193 min in the UK and |18 min in Sweden), but that by Japa-
nese men is much shorter than that by European men (correspond-
ing figures are 25, 90 and 70 min) (OECD, 200l; Cabinet office,
2006). This suggests that Japanese women spend much more of
their time and energy on a combination of housework and child-care
than women in other regions. Further, menstrual disorders, an indi-
cator of reproductive health, have been associated with work
stress among full-time working women in China. Chinese women
are reported to take primary responsibilities for their families even
if they are in full-time employment, so that they too may have the
double burden (Zhou et dl., 2010).

Neither being underweight nor overweight was strongly associated
with the risk of early spontaneous abortions in our study. The pro-
portions of lean and overweight women were similar to those
reported by a national study (Ministry of Health, 2006, in Japanese),
but the proportion of overweight women were far lower, and that
of lean women were higher than those in other developed countries.
The proportions of overweight women (BMI > 25.0) were 19.9% in
Japan, 56.6% in UK and 61.3% in the USA in most recent years, and
those of underweight women (BMI < 18.5) were 10.4, 5.9 and
3.3% in these countries (World Health Organization). A Japanese
population, as in our study, may thus be suitable for examining an
effect of being underweight and the risk of spontaneous abortions
observed in our study, but not suitable for examining an effect of
being overweight.
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Table Il Crude and multivariable conditional ORs of spontaneous abortions associated with reproductive, physical,
lifestyle and husband’s characteristics.

Characteristics

.......................................

Crude OR (95% CI)

Multivariable OR (95% CI)

.............................................................................................................................................................................................

Reproductive wariables

Past history of spontaneous abortion

None
|
2
3 or more
Data missing
P for trend
Past history of induced abortion
None
I or more
Data missing
Age at menarche (years)
<l
>12
Data missing

Treatment for Infertility (Assisted Reproductive Technology)

No
Yes
Data missing
Physical variables
Body mass éndex (kg/m?)
<185
18.5-24.9
=250
P for trerd
Lifestyle variabbles
Maternal smoking status
Non-smoker
Current smoker (I —19/day)
Current smoker (>20/day)
Data missing
P for trerxd
Current drirker
No
Yes
Data missing
Employment
No
Yes
Data missing
Husband's var-iables
Husband age (year)
<29
30-39
>40
P for trend

232
77
45
76

360

(=4

139
149
142

372
55
3

73
310
47

339
54
32

346
75

174
146
m

98
246
86

632
124
6l
42

748
b

307
272
281

748
103

152
637
71

101
36

759
120

357
165
338

225
505
130
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1.0
1.75 (1.26-2.44)*
2.00 (1.32-3.03)
5.36 (3.46-8.29)

<0.0001

1.0

1.27 (0.91~1.76)
1.0

1.26 (0.95-1.66)
1.0

1.08 (0.75-1.54)
0.99 (0.72-1.36)
1.0

1.34 (0.91-1.96)
03!

1.0

1.24 (0.83-1.85)

1.99 (1.18-3.35)

0.03

1.0
132 (0.97-1.82)

1.0
1.64 (1.21-2.23)t

1.0
1.29 (0.91-1.87)
1.98 (1.24-3.23)t
0.015

1.0

1.98 (1.35-2.89)t
2.36 (1.47-3.79)*
8.73 (5.22- 14.6)¢

1.0
1.26 (0.84~1.89)
10
1.23 (0.89-1.72)
1.0
1,00 (0.67~1.49)
0.86 (0.59~1.25)
1.0
1.40 (0.87-2.25)
0.23
10

1.30 (0.84-2.02)
2.39 (1.26~4.53)*

0.02
1.0

1.04 (0.71-1.53)
10

1.65 (1.17-2.35)
1.0

1.14 (0.75-1.74)

1.65 (0.94-2.88)
0.017

Continued
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Table I Continued

Characteristics Number
cases ............... éo.n.tro'l s
Husband’s smoking status

Non-smoker 114 205
Current smoker (1 ~19/day) 65 97
Current smoker (=20/day) 72 103
Data missing 179 455
P for trend

Crude OR (95% CI) Multivariable OR (95% CI)
1.0 1.0
1.24 (0.83-1.85) 1.23 (0.78-1.96 )

1.30 (0.82~2.06)

0.47

1.30 (0.88-1.92)

0.35

95% Cl, 95% confidence interval; OR, conditional odds ratio; —, valid OR was not calculated, Matched for calendar year of the event and mother age (& 3 years). Multivariable
conditional OR was adjusted for past spontaneous abortion history, past induced abortion history, treatment for infertility, body mass index, smoking status, drinking status,

employment, husband’s age and husband's smoking.
*P < 0.05.

fp<00l.

P < 0.001.

The lack of association between being underweight and the risk of :

early spontaneous abortions observed in our study was consistent
with the findings from two previous studies (Stein and Kiine, 1991;
Helgstrand and Andersen, 2005), but one case—control study
reported a significant association between underweight and spon-
taneous abortions; the multivariable OR was 1.72 and 95% Cl was
1.17, 2.53; Maconochie et dl., 2007).

The influence of obesity on early spontaneous abortions has been
widely investigated. Obesity may increase the risk of spontaneous
abortions by an adverse influence on the embryo, the endometrium
or both via leptin (Metwally et ol., 2007, 2008a,b), but there are
few studies on conception without any assisted reproductive technol-
ogy. Metwally et al. (2008a,b) show in their meta-analysis that obesity
may increase the risk of spontaneous abortions, but they included
middle-term abortions until |9 weeks of gestation. On the other
hand, Maconochie et al. (2007) showed that obesity did not increase
the risk of spontaneous abortions <13 weeks in a large population-
based case~control study.

This study has a number of potential limitations. First, the study
subjects were sampled in a single hospital. In Japan, patients can
choose the hospital in which they are treated according to their
own preferences, while medical costs are uniform under the national
medical insurance system. Women seeking advanced medical treat-
ment, as well as pregnant women at normal risk or without compli-
cations, are more likely to visit our hospital. Therefore, the subjects
in our study may have been biased toward high-risk pregnant
women. Secondly, the case patients were defined as the women
who were hospitalized for a medical procedure. A woman who
had a complete spontaneous abortion without any additional treat-
ment would not be included. We may evaluate the risk of missed
abortions, but not all types of early spontaneous abortions.
Thirdly, the data were collected retrospectively through medical
records. Therefore, we did not measure caffeine, socio-economic
status or other potential confounding variables (Cnattingius et dl.,
2000; Luo et dl., 2006). However, none of these variables are estab-
lished risk factors for early spontaneous abortions, so that the

Table 1l Crude and multivariable conditional ORs of early spontaneous abortions associated with combination of

previous early spontaneous abortion and employment.

Number Crude OR (95% CI) Multivariable OR (95% Cl)
Cases ............. c ontrol s

Previous abortions (—), Employment (—) 97 360 1.0 1.0

Previous abortions (—), Employment (+) 88 137 1.56 (1.08-2.26)* 1.50 (1.01 -2.24)*

Previous abortions (+), Employment (—) 77 97 2.28 (1.54 -3.39)* 2.40 (1.56 =3.7)*

Previous abortions (+), Employment (+) 58 29 5.16 (2.98 -8.94)* 5.56 (3.04 —10.1)*

Data missing 110 337 - -

95% Cli, 95% confidence interval; OR, conditional odds ratio; ~, valid conditional OR was not calculated. Previous abortion (+) includes |, 2 and 3 or more previous abortions.
Matched for calendar year of the event and mother age (+ 3 years). Multivariable conditional OR was adjusted for past induced abortion history, treatment for infertifity, body mass

index, smoking status, drinking status, husband’s age and husband’s smoking.
*P < 0.05.

tp<00l.

P < 0.001.
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Table IV Crude and multivariable conditional ORs of early spontaneous abortions associated with combination of

previous early spontaneous abortion and maternal smoking.

Number Crude OR (95% ClI) Multivariable OR (95% CI)
. Cases ............ c ontm ls .

Previous abortion (—), Maternal smoking (—) 181 525 1.0 1.0

Previous abortion (), Matemal smoking (+) 50 107 1.42 (0.97 -2.09) 1.39 (0.89 -2.17)

Previous abortion (+), Maternal smoking (—) 158 197 2.43 (1.83 -3.22)* 2.95 (2.14~4.05)*

Previous abortion (+), Maternal smoking (+} 36 30 3.53 (2.10 -5.95)* 431 (237 -7.86)*

Data missing 5 | - -

95% Ci, 95% confidence interval; OR, conditional odds ratio; -, valid conditional OR was not calaulated. Previous abortion (+) includes 1, 2, and 3 or more previous abortions.
Matemnal smoking (+) includes smoking (I - 19/day) and (=20 /day). Matched for calendar year of the event and mother age (4 3 years). Multivariable conditional OR was adjusted
for past induced abortion history, treatment for infertility, body mass index, smoking status, drinking status, husband's age, and husband’s smoking.

*£ < 0.05.
<00l
p < 0.001.

residual confounding may not be large. Fourthly, there were a large
number of missing data for employment and husband’s smoking, but
the results did not change substantially among the subjects without
these missing data.

In conclusion, our study suggested that smoking and being
employed, as well as a past history of early spontaneous abortions,
were associated with early spontaneous abortions among Japanese
women. Our findings suggest that smoking and/or working women
may be important public health targets for the prevention of early
spontaneous abortions in Japan.
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Immune response to Haemophilus influenzae type b conjugate
vaccine in preterm infants
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Abstract Background: Haemophilus influenzae type b (Hib) vaccine became available for use in Japan in December
2008. The aim of the present study was to evaluate the immunogenicity of Hib vaccine in Japanese preterm
infants.

Methods: Serum samples were obtained from 54 preterm infants before the first vaccination and 1 month after the third.
Anti-polyribosylribitol phosphate (PRP) antibodies were measured using an enzyme-linked immunosorbent assay
method. Antibody positivity was defined as levels >1 pug/mL.

Results: Of the 54 preterm infants, 46 (85.2%) achieved antibody levels >1 pg/mL. This compares with the 92.4%
reported in full-term infants. The antibody seroconversion rate of infants starting vaccination at 2 months of age was
close to being significantly lower than when vaccination was started at 3 months of age (P = 0.060). In addition, the
percentage of infants achieving a positive response in the group with a history of antenatal steroid exposure was
significantly higher than in those not exposed (P = 0.046). Thus, risk factors for lower Hib antibody concentrations after
three doses of vaccine were age at first vaccination and lack of use of antenatal steroids.

Conclusions: There is a possibility that perinatal factors and the environment unique to preterm infants are related to
their lower antibody positivity rates compared to full-term infants. It may therefore be preferable to modify the proposed
immunization schedule.

Key words anti-polyribosylribitol phosphate antibody, Haemophilus influenzae type b, immunogenicity, preterm infant, vaccine.

Haemophilus influenzae is one of the leading causes of pediat-
ric bacterial meningitis in Japan. Haemophilus influenzae con-
sists of both unencapsulated and encapsulated strains. Of the
latter, Haemophilus influenzae type b (Hib), which possesses
polyribosylribitol phosphate (PRP), is a major cause of invasive
infections, such as meningitis. After its first introduction in
1988, Hib vaccine has been widely used in the USA since 1990.
As a consequence, the prevalence of infectious diseases caused
by Hib has decreased dramatically.” In December 2008, Hib
vaccine was introduced into Japan.
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For Hib vaccine use in Japan, clinical trials were carried out in
19 facilities, on 200 babies over the period February 2000—
February 2001. Good antibody responses were obtained.® The
subjects investigated in these clinical trials were all full-term
infants. However, there are thus far no data on the immunoge-
nicity of the Hib vaccine in preterm infants in Japan, and simi-
larly, there appear to be few reports in other countries. The aim of
the present study was therefore to evaluate vaccine immunoge-
nicity in preterm infants by measuring antibody titers before and
after vaccination.

Methods
Subjects

‘We conducted a prospective cohort study. Parents of premature
infants (<37 weeks gestation; inpatients of the neonatal intensive
care unit of Yokohama City University Hospital and Yokohama
City University Medical Center) were approached between
December 2008 and October 2009. A total of 54 infants were
enrolled in the study after informed parental consent was
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obtained. The study protocol was approved by the Yokohama
City University Ethics Committee.

Vaccine

In this study, we sought to follow a cohort of preterm infants
vaccinated with PRP-T (ActHIB, Sanofi Pasteur, France). In
accordance with the manufacturer’s recommendations, Hib
vaccine was injected subcutaneously in a total volume 0.5 mL in
the left or right arm. We started vaccination when the infants were
aged 2-6 months, with three injections at intervals of 4 weeks.
First immunization was delayed if an infant was still mechani-
cally ventilated or clinically unstable or if there were concerns
about intercurrent sepsis.

Immunogenicity studies

Blood was obtained by venepuncture prior to the first dose of Hib
vaccine and 1 month after the third dose. The blood was centri-
fuged on return to the laboratory and serum stored at —20°C until
serological tests were performed. Anti-PRP antibody titers were
determined using Bindazyme Anti-Haemophilus B Enzyme
Immunoassay Kits (Binding Site, Birmingham, UK). This
method was the same as that described by Ocaktan et al.”

Statistical analyses

Statistical analyses were performed using spss (spss Inc.,
Chicago, IL, USA). Gestational age and birthweights are
reported as medians (range). Anti-PRP antibodies were converted
by logarithmic transformation and are reported as geometric
mean titers (GMT) with 95% confidence intervals. Concentra-
tions <0.15 pg/mL were allocated a value of 0.08 for purposes of
calculation. Antibody positivity was defined as =1 pg/mL, and
negativity as <1 pg/mL. This is based on the report that PRP
antibody titers of patients who developed Hib systemic infection
were never =1 pg/mL (by enzyme-linked immunosorbent assay)
in the acute phase.®

Analyses of the influence of different perinatal factors on
vaccine immunogenicity in premature infants were performed.
The t-test was used for comparing continuous variables (gesta-
tional age and birthweights) and the y*-test (Yates’s corrected) or
Fisher’s exact test for comparing categorical variables in
antibody-positive and -negative patients. The following factors
were included in the analyses: age at first vaccination, gestational
age, birthweight, maternal infection, neonatal infection, antenatal
steroids, postnatal steroids, and breast-feeding (exclusive/
non-exclusive).

We defined maternal infection on the basis of diagnoses
recorded by clinical caregivers. Indicators of maternal infection
were a clinical diagnosis of chorioamnionitis, maternal tempera-
ture during labor greater than 38°C, foul-smelling amniotic fluid
during the admission for delivery, or maternal sepsis. Definition
of neonatal infection was suspected cases of infection from blood
tests or some symptoms. Blood culture was not necessarily posi-
tive. Differences were considered significant at P < 0.05.

Results

All 54 preterm infants completed the study. Vaccination was
started in 23 infants (42.6%) at 2 months, 18 (33.3%) at 3
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Table1 Influence of perinatal factors on rate of antibody
seroconversion

Antibody P
Negative Positive
n=23 n=46
n (%)
Sex (male) 5 (62.5) 31 (67.4) 1.000
Small for gestational age 3 (37.5) 19 (41.3) 1.000
Age at first vaccination 6 (75.0) 17 (37.0) 0.060
(2 months)
Maternal infection (+) 0 (0.0) 7 (15.2) 0.577
Neonatal infection (+) 2 (25.0) 15 (32.6) 1.000
Antenatal steroids (+) 2 (25.0) 37 (80.4) 0.046%*
Postnatal steroids (+) 1(12.5) 1(2.2) 0.277
Exclusive breast-feeding 3 (37.5) 22 (47.8) 0.711
Gestational aget (weeks 31.0 4.2) 294 (3.1) 0.197
of gestation)
Birthweightt (g) 1419 (634) 1173 (380) 0.148

*P < 0.05 was considered as statistically significant. {Mean (SD).

months, seven (13.0%) at 4 months, two (3.7%) at 5 months and
the remaining four (7.4%) at 6 months of age.

The median gestational age was 30 weeks (range 23-36). The
median birthweight was 1.11 kg (range 0.46-2.34) with 66.7%
boys. The proportion of small-for-gestational-age (SGA) infants
was 22 cases (40.7%). Infection was documented in 13.0% of
mothers and 31.5% of infants. Steroids were given antenatally to
72.2% of mothers and two (3.7%) of the infants, in the latter for
10 days and 32 days, respectively, for the treatment of hypogly-
cemia. Nearly half of the infants (46.3%) were exclusively
breast-fed. There were no antibody-positive cases before vacci-
nation, but after three doses of vaccine, GMT had increased from
0.06. to 2.89 pg/mL (P < 0.001). The seroconversion rate was
85.2% (46 of the 54 cases). The responders (positive group) were
compared with the non-responders (negative group) regarding
perinatal factors which might have affected the outcome
(Table 1). Dividing infants into two groups according to age at
first vaccination of 2 months vs >3 months revealed that the
seroconversion rate of the former was close to being significantly
worse than the latter (P = 0.060). In addition, the rate of sero-
conversion after vaccination of infants with a history of antenatal
exposure to steroids was higher than those without (P = 0.046).
No statistical significance was observed between antenatal ste-
roids and bronchopulmonary dysplasia. And there was also no
trend between bronchopulmonary dysplasia and seroconversion
rate (data not shown). No other perinatal factors were found to
significantly influence the seroconversion rate. Side-effects after
vaccination were rare, with only one case of local redness. There
was no case of Hib disease among the infants.

Discussion

Vaccines against Hib became available in Japan only quite
recently. Thus, there are only sparse data available on the immu-
nogenicity of these Hib conjugate vaccines. To the best of our
knowledge, the present study is the first to examine the immu-
nogenicity of Hib vaccines in Japanese preterm infants. Studies

© 2011 The Authors
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comparing immunogenicity in preterm and full-term infants have
been described in the literature in other countries, although these
varied in vaccine type and vaccination schedule.* ! Those studies
documented that preterm infants responded less frequently than
full-term babies and with lower anti-PRP antibody concentra-
tions following Hib vaccination, such that fewer achieved
antibody titers above the conventionally accepted protective con-
centrations."? Preterm Japanese infants were found to have sig-
nificantly lower GMT of anti-PRP antibody even after three doses
of vaccines compared to full-term infants:® these values were
2.89 compared with 9.68 pug/mL, with lower seroconversion rate
of 85.2% vs 92.4%. Our immunogenicity data reported here are
generally consistent with those of other published studies. In the
present study, we aimed to evaluate the immunogenicity of vac-
cinating preterm infants against Hib, focusing on those who had
required perinatal treatment. Risk factors for lower Hib antibody
titers after three doses of vaccine were identified as age at first
vaccination and lack of use of antenatal steroids. Above all, we
particularly focused on age at first vaccination, where there
appear to have been no studies thus far. We found that serocon-
version by infants first vaccinated at 2 months of age was close to
being significantly less frequent than when the first vaccination
was at 3 months of age. In Japan, infants <7 months of age are
offered the first Hib vaccination of the series at 2 or 3 months
of age. According to the recommendations of the American
Academy of Pediatrics Committee on Infectious Diseases, medi-
cally stable preterm infants should receive full doses of acellular
pertussis, diphtheria, tetanus, Hib, hepatitis B, poliovirus, and
pneumococcal conjugate vaccines at a chronological age consis-
tent with the schedule recommended for full-term infants.”
Vaccine dosages normally given to full-term infants should not be
reduced or divided into separate doses when given to preterm
infants and those with low birthweight. Moreover, it was shown
that all vaccines routinely recommended during infancy are safe
for use in preterm infants and, although the immunogenicity of
some childhood vaccines may be decreased in the smallest
preterm infants, the antibody concentrations achieved are usually
protective. 1

In addition to the lesser ability of B cells to produce antibodies
in preterm infants'” and the immaturity of the neonatal immune
system, perinatal factors are also considered to contribute to the
lower antibody production in preterm compared to full-term
infants. Previous studies have shown that the presence of chorio-
amnionitis or intrauterine infection influences the fetal and neo-
natal immune system via a mechanism mediated by cytokines.'®
Antenatal steroid restrains T cell proliferation.'” However, the
state of knowledge on immune status of newborns is still poor,
especially for preterm infants. It is also not yet clear whether
perinatal medication affects the neonatal immune system.

As a matter of course, preterm infants, particularly those that
have to be admitted to neonatal intensive care units, are less likely
to be exposed to bacteria cross-reacting with Hib.*® Conse-
quently, it is difficult to induce natural booster effects and their
anti-PRP antibody concentrations remain low.

The reason for the tendential correlation between age at
first vaccination and vaccine responses in this study is not yet

© 2011 The Authors
Pediatrics International © 2011 Japan Pediatric Society

established. Similarly, the reason for significant association
between antenatal steroid use and antibody responses is also
unclear. One study demonstrated previously that the seroconver-
sion rate did not differ significantly whether or not infants were
exposed to antenatal steroids.”” The number of samples in the
present study was limited. The aim of this study was to report that
Japanese preterm infants have lower seroconversion rate. Further
studies are needed to confirm these findings.

The low antibody concentration itself can be a risk factor for
Hib infection. In general, it is recommended to start vaccination
for Hib from 2 months of age because relatively high levels of
transplacentally acquired anti-PRP antibodies fall over the first
months of life to very low levels by around 6 months of age.’*
Moreover, preterm infants are less likely to have maternal anti-
body — particularly very premature (<32 weeks) infants. Preterm
infants are less exposed to horizontal transmission. Hence, it
might be better to start vaccination at 3 months of age. When
starting at 2 months of age, it is recommended that the number of
vaccinations be increased, or the interval between vaccinations
extended.” However, it should be noted that preterm infants
living with siblings should still start vaccination earlier because
they are more likely to be exposed to other carriers, especially in
group nursing.
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We report the outcome of 16 Japanese patients with medium chain acyl-CoA dehydrogenase deficiency. Of
them, 7 patients were diagnosed after metabolic crisis, while 9 were detected in the asymptomatic condition.
Of the 7 symptomatic cases, 1 died suddenly, and 4 cases had delayed development. All 9 patients identified
by neonatal or sibling screening remained healthy. Of 14 mutations identified, 10 were unique for Japanese,
and 4 were previously reported in other nationalities. Presymptomatic detection including neonatal screen-
ing obviously improves quality of life of Japanese patients, probably regardless of the genotypes.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Medium chain acyl-CoA dehydrogenase deficiency (MCADD) (MIM
#201450) is an autosomal recessive inherited metabolic disorder of mi-
tochondrial fatty acid oxidation. The number of MCADD patients has re-
cently become larger in Japan with the spread of acylcarnitine analysis
using tandem mass spectrometry (MS/MS). The disease frequency
was estimated to be approximately 1:100,000 in Japan according to a
newborn screening pilot study of 1.57 millions babies (unpublished re-
port). Clinical symptoms of MCADD are heterogeneous, ranging from
asymptomatic to severe handicaps followed by metabolic crisis or sud-
den unexpected death (SUD) [1,2]. Approximately 20% of previously
undiagnosed patients die during their first metabolic decompensation
[3-71]. Blood acylcarnitine, urinary organic acid analyses, MCAD activity
and mutation analyses are major tools for diagnosis of MCADD. A com-
mon ¢.985A>G mutation has been reported in 80-90% of Caucasian
patients [8-16] while ¢.449-452delCTGA mutation was identified in
45% of mutant alleles in Japanese patients with MCADD [17]. In recent
years, the detection incidence of the presymptomatic patients with
MCADD has increased since the neonatal mass screening was expanded
in Japan. However, there are few reports of the outcomes of the Japanese
patients, Herein, we report the relation of clinical onsets, genotypes and

* Corresponding author at: Department of Pediatrics, Shimane University Faculty of
Medicine, 89-1 Enya, lzumo, Shimane 693-8501, Japan. Fax: +81 853 20 2215.
E-mail address: jamiyan@med.shimane-u.ac.jp (J. Purevsuren),

1096-7192/8 - see front matter © 2012 Elsevier Inc. Al rights reserved.
doi:10.1016/j.ymgme.2012.06.010

outcomes of 16 Japanese children with MCADD, and 4 heterozygote
carriers, which were analyzed in Shimane University.

2. Subjects and methods
2.1. Subjects

Sixteen Japanese patients with MCADD from 15 unrelated families,
including previously reported 9 cases |17}, and 4 carriers were studied
(Table 1). The patients were analyzed for confirmation of diagnosis in
Shimane University from 2001 to 2011. Of them, 8 (cases 8 to 16)
were identified by neonatal mass screening, 7 (cases 1 to 7) were diag-
nosed after metabolic crisis, and 1 was detected by sibling screening.
Cases 2 and 8 were siblings, and cases 19 and 20 were parents of case
16. Diagnosis of the patients was confirmed by urinary organic acid,
blood acylcarnitine and mutation analyses.

2.2. Muss spectrometric analysis

Acylcarnitines in blood spots on filter paper were analyzed by a
method standardized for neonatal mass screening using MS/MS, an
API 3000 instrument (Applied Biosystems, Foster City, CA, USA)
[8,18]. Urinary organic acids were analyzed using the solvent extrac-
tion method by the QP 2010 capillary GC/MS system (Shimadzu Co.,
Ltd., Kyoto, Japan) [19]. The determination of test values was assessed
using reference values set at the Shimane University.
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Table 1 .
Clinical and genetic characteristics of Japanese patients with MCAD deficiency.

Patient  Sex Age at Age at Neonatal Primary clinical symptoms Hypoglycemia Hyperammonemia Tandem MS GC/MS Genotype Outcome
onset  diagnosis screening (RPA%)
c8 c8/c10 HG SG Allele 1 Allele 2
<035M  (<3) :
Symptomatic group
1 F 1y 1y - Cardiopulmonary arrest, dyspnea, poor (--) (=) 4.52 8.69 na na  IVS4::1G2A CA22A=T Sudden death
feeding (Q116L)
2 ** M lydm 1y 4m - Gastroenteritis, seizures (-+) (=) 333 17.53 99 153 c¢449- c.449- Severe
452delCTGA 452delCTGA handicapped
3 9 M  8m 8m - Cardiopulmonary arrest {na) (+) 597 349 1.1 445 449~ c157C>T Developmental
452delCTGA (R28C) delay
4 Folylm lyim - Developmental regression (-+) (+) 7.00 21.00 14.7 1122 del.ex 11-12 del. ex 11-12 Developmental
delay
5 3 F o 2y2m 2y2m - Cold, gastroenteritis (+) (=) 1.71 1555 na na c449- 449~ Developmental
452delCTGA 452delCTGA delay
6 * F  1ly3m 1y3m - Unconsciousness, apnea, vomiting (n.a) (=) na na na  na del. ex 11-12 del.ex 11-12 Normal
7 * F 1y7m 1y7m - Unconsciousness, fever (+) (+) 412 10.05 61 64  c275CT ¢.157C>T Normal
(PG7L) (R28C)
Asymptomatic group
g§ ** M - Sy 5m - Normal (=) (~) 1.37 39.14 na  na 449~ 449~ Normal
452delCTGA 452delCIGA
g9 * F - 5d + Normal (—) () 5.92 11.38 129 148 c1085G>A c.843A>T Normal
(G337E) (R256S)
10 F - 5d -+ Normal . (=) (=) 537 1249 6.33 39.88 449~ c.157C>A Normal
452delCTGA (R28H)
1 M - 5d + Normal () (=) 482 13.03 153 38 WS3:4212C C.843A>T Normal
(R256S)
12 Foo- S5d + Normal {—) (=) 404 14.96 na na 449~ c212GzA Normal
452delCTGA {G46D)
13 F - 5d + Normal () (=) 278 15.44 115 59 449~ C134A>G Normal
N 452delCTGA (Q20R)
14 Foo- 5d. + Normal (=) (=) 2.59 10.00 3.08 320 -c1085G2A c1184A2G Normal
. (G337E) (K370R)
15 M - 5d + Normal (—) (=) 2.58 8.32 (=) 150 c449- IVS3:1:SGZA Normal
452delCTGA -
16 ° M - 5d + Normal (=) (=) - 049 3.77 97 (=) c449- ¢.820A>C Normal
452delCTGA (M249V)
Carrier group
17 M - 5d + Normat () (—) 0.44 1.02 (=) (=) c845C>T nd Normal
{P257L)
18 F - 4m - Eczema (=) (—) 0.51 0.88 {(—) (—) c843A>T n.d Normal
(R2568)
19 M - - Normal (=) (=) 0.37 1.00 na na  c449- nd Normal
452delCTGA
20 F - - Normal (-) (=) 0.20 0.95 na na  c820A>C n.d Normal
{M249V)

3. purevsuren et al, [17] reported; *: siblings; sex: M, male; F, female; age: y, year; m, montly; d, day; -+, involved to neonatal mass screening; (—), not detected; n.a, not available; RPA%, relative peak area percentage; HG, hexanoylglycine;
SG, suberylglycine; novel mutations are underlined.
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2.3. DNA sequencing of gene, acyl-CoA dehydrogenase, medium chain
(ACADM)

Genomic DNA was purified from the patients' fibroblasts or blood
filter papers using the QlJAamp DNA Micro Kit (Qiagen GmbH, Hilden,
Germany). Mutation analysis on genomic DNA was performed by PCR
for each exon and its intron boundaries followed by direct sequencing
[17]. ‘

Informed consent to perform DNA analysis was obtained from the
parents of the patients. This study was approved by the Ethical Commit-
tee of the Shimane University Faculty of Medicine.

3. Results
3.1. Clinical features of patients

The clinical features of 16 Japanese patients with MCADD and 4 car-
riers (9 males and 11 females) are summarized in Table 1, including
previously reported cases [17]. All 7 patients that were diagnosed
after metabeolic crisis were born before the initiation of newborn screen-
ing in their local area. The mean age at onset of the symptomatic cases
was 1y 3m (range: 8m to 2y 2m). The symptomatic patients were all
in good general health with normal development until metabolic crisis.
Metabolic crises were triggered by common cold or gastroenteritis in 5
cases. One of them died of SUD. Four cases had mild to severe handicaps,
and 2 cases developed normally. The patients who were identified by
neonatal screening remain healthy at this time.

3.2. Biochemical results of patients

The results of mass spectrometric analysis are shown in Table 1.
Blood acylcarnitine analysis was available in 15 of the 16 patients.
Octanoylcarnitine (C8) and octanoyl:decanoylcarnitine (C8/C10) ratio
were assessed for detection of MCADD. Marked elevation of C8 and
C8/C10 was observed in 14 cases (1.37-7umol/L), and slight elevation
of C8 and C8/C10 (0.49pmol/L and 3.77) was found in one case (case
16). The level of C8 was also mildly elevated in 3 (0.44, 0.51 and
037umol/L, respectively) of the 4 carriers while C8/C10 value was
under cut-off (1.02, 0.88 and 1.00). Case 20, who is a mother of case
16, showed 10 abnormal findings.

Urinary organic acids were analyzed in 11 cases with MCADD and 4
carriers. Both hexanoylglycine and suberylglycine were elevated in 9
patients, and hexanoylglycine or suberylglycine was increased in one
case each. However, neither hexanoylglycine nor suberylglycine was
identified in the carriers.

3.3. Mutatiorzs in acyl-CoA dehydrogenase, medium chain (ACADM) gene

Fourteen types of mutations were identified in 30 independent
alleles, 7 of which were novel. These included three types of splice
site alterations (IVS3+42T>C, IVS3+5G>A and 1VS4+1G>A), and
four missense mutations (G46D, Q116L, G337E and K395R). These
novel mutations were not detected in 120 alleles from unaffected
Japanese individuals. All mutations are summarized in Table 1, together
with previously reported cases (cases 2, 3,5-9,13and 16) [17]. A c.449~
452delCTGA [20,21] was detected in 10 (33.3%) of 30 independent
alleles (2 cases with homozygous and 6 cases with compound hetero-
zygous). A hemozygous large deletion including exons 11 and 12 [22]
was identified in 4 (13.3%) alleles. R28C (2/30 alleles), R256S (2/30
alleles), P67L (1/30 alleles), M249V (1/30 alleles) and G337E (1/30
alleles) were also observed (Table 1) [9,17,22].

4, Discussiona

We investgated the relationship between clinical and molecular spec-
trums of 16 Ja.panese patients with MCADD. While symptomatic patients

remained undiagnosed until metabolic crisis, .asymptomatic patients
were identified by neonatal mass screening (8 cases), or by sibling screen-
ing (1 case). Most of the symptomatic cases developed metabolic crisis
associated with hypoglycemia triggered by common infection and pro-
longed fasting [3,4]. Those patients had poor outcomes such as mild to se-
vere impairments or SUD. However, expansion of blood acylcarnitine
analysis using MS/MS for neonatal mass screening in Japan allowed earli-
er detection of MCADD in the asymptomatic/presymptomatic stage. Sub-
sequent prophylactic management for those children was conducted in a
more appropriate and timely manner during metabolic stress such as
fever, viral infection and other medical procedures.

Fourteen mutations were identified in 30 independent alleles in-
cluding seven novel mutations. The amino acids affected by the novel
missense mutations {G46D, Q116L, G337E and K395R) are highly
conserved among different species (Pan Troglodytes, Rattus norvegicus,
Xenopus laevis and Danio rerio), suggesting that these amino acids play
an important role in mediumn acyl-CoA dehydrogenase activity. There
are also splice site alterations such as IVS3+2T>C, IVS3+5G>A and
1VS4--1G>A positioned at a 5’ donor splice site. Shapiro and Senapathy
5’ splice site scores [23] of altered sites changed from 76.4 to 58.6 for
IVS3+2T>C, from 76.4 to 62.4 for IVS3+5G>A, and from 86.3 to 68.1
for IVS4+ 1G> A, respectively, suggesting that these changes are likely
responsible for aberrant mRNA splicing. It is reported that point muta-
tions in donor splice site produced exon skipping or aberrant 5' donor
splice site activation [24]. Since these changes likely resulted in aberrant
splicing and premature truncation, non-sense mediated mRNA decay
[25] or translation into shorter proteins with unlikely residual activity
would result.

Most of the mutations detected in Japanese patients were unique, but
Q20R, R28C, R256S and c.449-452delCTGA were previously reported
in other nationalities [9,22,26,27]. The Japanese patient with com-
pound heterozygous of R28C was one quarter of Caucasian. In
contrast, a common missense mutation ¢.985A>G (80-90%) of Cau-
casian [8,15,28-30] was not detected in any Japanese patients in this
study.

Our study demonstrates that detection in the asymptomatic/
presymptomatic stage is essential to achieve favorable outcomes of
patients with MCADD. Neonatal mass screening is absolutely a bene-
ficial system to improve the quality of life of patients with MCADD.
Genetic background of Japanese patients with MCADD is different
from those in Caucasians. It is likely that there is no correlation be-
tween genotype and phenotype in Japanese patients with MCADD,
and a specific genotype does not predict the clinical outcome.
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