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Abstract In Germany, studies on the IgG seroprevalence
in pregnancy and in women of childbearing age are rare.
Therefore, we retrospectively evaluated the CMV IgG sero-
positive rate in 40,324 pregnant women as well as in 31,093
female and male bone marrow donors over 15 consecutive
years (1996-2010). Furthermore, the result of a study con-
ducted in 1999 investigating 1,305 healthy adolescents with
known ethnicity was included. The overall CMV IgG sero-
prevalence in pregnant women (15-50 years) was 42.3%.
Age-dependent analysis revealed a significantly higher
seropositive rate (55.6%) in young women (15-25 years)
than in those aged 2640 years (37-42%) and in women
older than 40 years (48.3%). Over the study period of
15 years, the rate of seroprevalence in pregnant women
declined significantly (y° test < 0.01) from 44.3% in the
first interval period (1996-2000), to 42.8% (2001-2005)
and to 40.9% (2006-2010). The most influencing factor on
CMYV seropositivity appeared to be the socioeconomic sta-
tus (SES), which we characterized by type of health insur-
ance: Seroprevalence in women with low, middle and upper
SES was 91.8, 46.9 and 33.7%, respectively. Female bone
marrow donors of childbearing age (15—45 years) showed a
significantly higher seropositive rate of 36.5% than age-
matched male donors (28.6%). In adolescents aged 13—
16 years, no gender-specific differences were recognized.
Concerning ethnicity, youngsters with German descent had
a significantly lower seroprevalence (29.9%) than those
with non-German descent (67.4%).

G. Enders (X)) - A. Daiminger - L. Lindemann - F. Knotek -
U. Béder - S. Exler - M. Enders

Labor Enders, Prof. Dr. med. Gisela Enders & Kollegen MVZ,
Medizinische Diagnostik, Institut fiir Virologie,

Infektiologie und Epidemiologie e.V., Prof. Gisela Enders,
Rosenbergstr. 85, 70193 Stuttgart, Germany

e-mail: enders @labor-enders.de

Keywords Cytomegalovirus - Seroprevalence -
Epidemiology - Pregnancy - Germany

Abbreviations

CMV  Cytomegalovirus

OD Optical density

PEIU  Paul-Ehrlich Institute Units
95% CI1 95% confidence intervals
SES Socioeconomic status

Introduction

Cytomegalovirus (CMV) infection is the most common
viral cause of congenital infection in the United States and
in West European countries. Primary CMV infection in
pregnancy poses the main risk for congenital infection and
disease. The intrauterine transmission rate amounts to 35—
40%. Approximately, 13% of all infected live-born infants
are afflicted by symptomatic disease at birth, and of them,
permanent sequelae can be expected in 40-58%. In addi-
tion, of the 87.5% asymptomatic newborns, 13.5% develop
late manifestations—particularly sensorineural hearing loss
and neurodevelopment disorders [1, 2]. Recurrent maternal
infections are caused by reactivation of latent virus or sec-
ondary reinfection with a new CMV strain. Recurrences are
common especially in populations with high CMV sero-
prevalence as estimated by the rate of congenital infection
(about 1%). However, only <1% of congenitally infected
newborns of seroimmune mothers have symptoms at birth,
and about 8% develop late sequelae such as unilateral hear-
ing loss [3].

In a review by Dollard et al., the prevalence of congeni-
tal CMV infection in industrialized West European and
North American countries was reported to be about 0.7%
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[2]. For Germany, Scholz et al. estimated in 2000 a preva-
lence of 0.2% based on a 2-year multicenter study by col-
lecting all reports on congenital CMV infection from 363
children’s hospitals [4]. In another evaluation in 2011,
Hamprecht et al. reached the same rate of 0.2% in his ongo-
ing “Tiibingen congenital CMV study” by screening cord
blood of (up to now) 3,418 newborns for CMV DNA [5].

Encouraged by the successful application of rubella vac-
cination leading to a dramatic reduction of congenital
rubella syndrome, the Institute of Medicine (IOM) in the
USA announced CMV as a major target for vaccine devel-
opment [6]. In 2009, a phase 2 clinical trial of the recombi-
nant CMV gycoprotein B (gB) vaccine with MF59 adjuvant
in seronegative women showed promising results with an
overall 50% efficacy for prevention of infection [7]. How-
ever, it will be still a long way until an effective and safe
CMYV vaccine with a suitable vaccination program is avail-
able. In the meantime, the only preventive possibility to
lower the risk of CMV infection is hygienic measures, to
which women, who know to be susceptible, would adhere
more strictly [8]. Therefore, gynecologists and obstetricians
should counsel every women—pregnant or planning to
become pregnant—about the risk of primary CMV infec-
tion, as it is mandatory for the risk of toxoplasmosis.
Although obligatory CMV screening is neither performed
in Germany nor in any other country worldwide, testing for
presence or absence of CMV antibodies is increasingly
requested by gynecologists or the informed women them-
selves.

In our initial retrospective observational study on CMV
seroprevalence carried out with blood samples obtained
between 1996 and 2001 from 10,539 pregnant women, we
found a seronegative rate of 56.7% and in susceptible
women a primary infection rate of 1.1% per year [9]. In the
present paper, we investigated the trend of CMV seropreva-
lence during the last 15 years by extending our previous
study with the serological data of 29,785 pregnant women
up to 2010. In addition—to evaluate the influence of gender
and ethnicity on CMV seroprevalence—we included the
results of two other study populations—bone marrow
donors and adolescents.

Materials and methods

We retrospectively evaluated the CMV IgG seroprevalence
in 3 study groups:

Pregnant women
Between 1996 and 2010, serum samples from 40,324

healthy pregnant women in the first trimester aged 15—
50 years (median 31) were obtained from gynecologists
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throughout Germany for obligatory antenatal screening
(rubella, syphilis, hepatitis B and blood grouping) including
CMYV serology on request. The majority of samples came
from Baden-Wiirttemberg (29%), followed by North-
Rhine-Westphalia (20%) and Bavaria (17%). In 68.1%
(27,465/40,324), health insurance status was reported.

Bone marrow donors

Between 1996 and 2010, serum samples from 31,093
healthy bone marrow donors of both sexes aged 18—
55 years (median 32) were investigated for CMV-specific
IgG and IgM. Information on age was available on a subset
of 10,606 samples obtained after 2000.

Adolescents

Serum samples of 1,305 healthy adolescents aged 13-
16 years were obtained from pediatricians in the Stuttgart
area during a preventive medical check-up (J1-Studie) in
1999 for detection of specific IgG antibodies to various
vaccine-preventable infections (e.g. measles, mumps,
rubella) as well as non-vaccine-preventable infections
including CMV. Ethnicity was reported for all 1,305 ado-
lescents.

Serological method

CMV-specific IgG antibody levels were determined with
the Enzygnost® Anti-CMV IgG EIA (Siemens/Dade Beh-
ring, Marburg, Germany) using the BEPIII ELISA proces-
sor (Siemens/Dade Behring, Marburg, Germany) according
to the manufacturer’s recommendation. IgG values were
expressed as Paul-Ehrlich Institute Units (PEIU) in mPEIU/
ml. Sera with an activity of <200 mPEIU/ml (OD
corrected <0.100) were considered negative, between 200
and 400 mPEIU/ml (OD corrected 0.1-0.2) equivocal,
between >400 and 900 mPEIU/ml (OD corrected >0.2) low
positive and >900 mPEIU/ml positive.

In the calculation of seroprevalence equivocal IgG
results—detected in 0.42-0.49% of samples—were defined
as positive.

Definition of socioeconomic status (SES)

The SES was approximated by the patient’s health insur-
ance: Welfare recipients, who get financial assistance for
medical care, are defined as lower SES, patients with statu-
tory health insurance as middle SES and those with private
health insurance as upper SES. In Germany, private insur-
ances only admit employees with a salary limit of 45,000 €
per year (2010) and self-employed people and public
servants.
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Table 1 CMYV seroprevalence in pregnant women and—stratified by
gender—in bone marrow donors and adolescents in Germany

Study group IgG pos/total ~ Prevalence (%) 95% CI

Pregnant women (1996-2010)

Overall prevalence 17,040/40,324 42.3 41.9-42.8

Bone marrow donors (1996-2010)

Overall prevalence 10,667/31,093 34.3 33.8-34.8
Female 3,884/9,836 39.5 38.5-40.5
Male 5,930/18,782  31.6 30.9-32.2
Gender unknown 853/2,475 34.5 32.6-36.4

Adolescents (1999)

Overall prevalence 457/1,305 35.0 32.4-37.7
German descent 337/1,127 29.9 27.2-32.7

Female 169/558 30.3 26.5-34.3
Male 168/569 29.5 25.8-33.5
Non-German descent 120/178 67.4 60.0-74.2
Female 63/89 70.8 60.2-80.0
Male 57/89 64.0 53.2-74.0

Bold values indicates overall prevalence

Statistics

The 95% confidence intervals (95% CI) were calculated,
and y? test was used for significant differences between age
groups and SES. p values <0.05 were considered statisti-
cally significant.

Results
CMYV IgG seroprevalence

The CMV IgG seropositive rates in the various study
groups are presented in Table 1. The CMV seroprevalence
for pregnant women was 42.3% with a median IgG anti-
body level of 5,591 mPEIU/ml (25-75% quantile: 3,172-
9,074 mPEIU/ml).

Bone marrow donors with an overall prevalence of
34.3% showed a difference for women and men of 39.5 and
31.6%, respectively (p < 0.0001). For adolescents aged 13—
16 years with an overall prevalence of 35.0%, no significant
gender-specific difference (p = 0.53) was evident. Concern-
ing ethnicity, an increased rate of 67.4% among adolescents
of non-German (mostly Turkish or Italian) descent was
apparent.

Age-related CMV IgG seroprevalence

CMYV IgG prevalence in pregnant women according to age
is shown in Fig. 1a. Young women aged 15-25 years had a
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Fig.1 a Age-related CMV IgG seroprevalence in pregnant women
(n =40,324, stripped columns). Numbers above columns indicate the
total number of sera tested per age group. b Age-related CMV IgG
seroprevalence in bone marrow donors (n = 10,606) stratified by
gender. Female donors (n=3,048, white columns), male donors
(n =17,558, black columns). Numbers above columns indicate the total
number of sera tested per age group

significant higher seroprevalence of 55.6% than older
women aged 2640 years. Lowest prevalence (37.0%) was
observed between 31 and 35 years. In the following two
age groups, prevalence increased to 38.9 (3640 years) and
48.3% (41-50 years).

An age-related increase of IgG seroprevalences in both
female and male bone marrow donors is presented in
Fig. 1b. Female donors (n =2,687) of childbearing age
(15-45 years) had a significant higher overall seropreva-
lence of 36.5% than age-matched men (n = 6,888) with
28.6%. Beyond 46 years of age, the gender-specific dispar-
ity declined. In female bone marrow donors aged 15—
25 years, we found a significantly (x> test <0.01) lower
CMV seropositive rate of 32.3% compared to pregnant
women of the same age (55.6%).

CMYV IgG seroprevalence—changes over time?

Table 2 presents the seroprevalences of pregnant women
and female bone marrow donors stratified by three 5-year
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Table 2 CMYV IgG seroprevalence for pregnant women (n = 40,324)
and female bone marrow donors (n=9,836) stratified by S5-year
intervals of investigation

Study group and interval IgG pos/total Prevalence (%) 95% CI

Pregnant women

1996-2000 5,479/12,373 44.3 43.4-45.2

2001-2005 3,486/8,139 42.8 41.8-43.9

2006-2010 8,109/19,812 40.9 40.2-41.6
Female bone marrow donors

1996-2000 2,323/5,643 41.2 39.9-42.5

2001-2005 452/1,226 36.9 34.2-39.6

2006-2010 1,109/2,967 37.4 35.6-39.2

intervals of investigation. In the former, the IgG seroposi-
tive rate significantly (y° test <0.01) dropped from 44.3% in
the first (1996-2000), to 42.8% in second (2001-2005) and
40.9% in the third interval of investigation (2006-2010).
Concomitantly, the median age of pregnant women
increased between the first, second and third interval from
29 to 31 to 32 years, respectively. For female bone marrow
donors, seroprevalences also decreased between the first
and second interval from 41.2 to 36.9% (p <0.01), but
remained stable between the second and the third interval
(37.4%).

Influence of socioeconomic status on CMV IgG
seroprevalence

From Table 3, it is evident that seroprevalence was depen-
dent on socioeconomic status (SES) as defined by type of
health insurance. Immunity to CMV was found in 91.8%
(95% CI: 88.3-94.5) of women with low SES, in 46.9%
95% CI. 46.2—47.7) of those with middle SES and in
33.7% (95% CI: 32.7-34.7) of those with high SES. These
differences were statistically significant (3%, p < 0.01). The
median age in the lower, middle and upper SES groups was

28, 29 and 33 years, respectively. In total, the highest sero-
prevalence (94.4%) was observed in women of low SES
aged 15-25 years, the lowest rate (30.0%) in women of
high SES aged 31-35 years.

Discussion

Knowledge on age-specific CMV seroprevalence and the
influence of several demographic factors on immunity are
essential for the development of preventive measures. Can-
non et al. [10] recently reviewed a great number of world-
wide studies on CMV seroprevalence in women of
reproductive age. Rates varied between 45 and 100%. His
review also showed that in general, IgG seroprevalence was
higher in women than men, in persons of lower SES than in
those of middle/upper SES and in non-whites than in whites
[10]. In Europe, seropositive rates in pregnant women and
women of childbearing age ranged from 30 to 70% (see
Table 4). In the present study, we found an overall preva-
lence in pregnancy of 42.3%, which is similar to all our
former studies [9, 11, 12]. Liibeck et al., however, deter-
mined a higher seroprevalence of 60% in female non-preg-
nant patients (HIV-negative, aged 20—40 year) in the
Goethe University Hospital in Frankfurt am Main [13]. An
equal rate was already reported in a previous publication
for the outpatient setting of the same hospital [14]. It may
be due to a high proportion of immigrants among the
patients (approx. 21-25%) [13]. Halwachs-Baumann et al.
investigated 947 pregnant women in at the University Hos-
pital at Graz in Austria and found a CMV seroprevalence of
51%, with no age-related differences [15].

The factors influencing seroprevalence are age [9, 11—
14, 16-23], gender [13, 16, 21, 23], parity [18-20, 24],
ethnicity [18-20, 23, 25, 26] and socioeconomic factors
[9, 13,17, 18, 23, 25, 27].

Unfortunately in our group of pregnant women, we had
no information on their ethnicity. However, German birth

Table 3 Age-dependent CMV seroprevalence in 27,465 pregnant women with individual screening stratified by lower, middle or upper socioeco-

nomic status (SES) based on type of health insurance

Age group (years)  Lower SES social assistance

Middle SES statutory health insurance

Upper SES private health insurance

Pregnant Seroprevalence Pregnant Seroprevalence Pregnant Seroprevalence

women (n) (95% CI) (%) women (n) (95% CI) (%) women (n) (95% CI) (%)
15-25 124 94.4 (88.7-97.7) 4,322 57.4 (55.9-58.9) 528 53.4 (49.1-57.7)
26-30 96 93.8 (86.9-97.7) 6,333 43.6 (42.4-44.9) 1,829 35.7 (33.5-38.0)
31-35 73 87.7 (77.9-94.2) 5,474 41.9 (40.6-43.3) 3,796 30.2 (28.7-31.7)
3640 30 86.7 (69.3-96.2) 2,042 46.5 (44.3-48.7) 2,137 32.4 (30.4-34.4)
41-45 6 83.3(35.9-99.6) 306 60.1 (54.4-65.7) 369 39.8 (34.8-45.0)
Overall 329 91.8 (88.3-94.5) 18,477 46.9 (46.2-47.7) 8,659 33.7 (32.7-34.7)

prevalence
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Table 4 CMYV seroprevalence studies in pregnant women (pw) and women of childbearing age in Europe

Autor [ref]

Country and region

Seroprevalence (%)

Size (n), study group

Enders [11, 12]
Friese et al. [17]
Enders et al. [9]

Hamprecht et al. [5]
Hecker et al. [16]
Just-Niibling et al. [14]
Liibeck et al. [13]

Halwachs-Baumann [15]

Germany
Germany

Germany

Germany, Tiibingen
Germany, Giessen
Germany, Frankfurt am Main

Germany, Frankfurt am Main

Graz, Austria

46.5 1,197 pw
46 512 pw
43.3 (gyn.) 11,572 pw individually screened

47.3 (antenatal care)

by gynecologists (gyn.)
1,033 pw from antenatal care

Knowles et al. [25] Ireland
Tookey et al. [18] UK
Gambarotto et al. [19] France
Gratacap-Cavallier et al. [20] France
Gaytant et al. [26] The Netherlands
Engmann [38] Sweden
Mustankas [27] Finland
Alanen et al. [39] Finland
Esklid [24] Norway
de Mattia [21] Italy

de Ory [22] Spain

47 3,323 puerperal women

49.0 12,015 female blood donors

64.4 9,870 male and female medical outpatients

63.7-57.3 40,979 hospitalized HIV-negative
men and women

51 947 pw

30.4 (Irish) 670 Irish pw

89.7 (non-Irish) 359 non-Irish pw

54.4 (total) 20,000 pw

45.9 (white pw)

479 1,101 pw

51.5 1,018 pw

41 7,524 pw

72 1,000 pw

70.7 1,088 pw

56.3 558 parturient women

69 957 randomly selected women with
live-born infants

64.2 1,494 healthy subjects (3—18 years)

68.8 1,813 women (2-60 years)

statistic of the last 15 years revealed that 17-18% of puer-
peral women had foreign nationality [28]. The largest group
came from Turkey, a country with a high CMV seropreva-
lence rate of >94% [29, 30]. In the adolescent group—the
only group in our study with known ethnicity—those with
non-German descent had a significant higher seropositive
rate than those with German descent (67.4% versus 29.9%).

The often reported higher seroprevalence of women
compared to men was confirmed by our results in bone
marrow donors [13, 16, 21, 23]. This tendency—although
statistically not significant—was also seen in our small
group of adolescents with non-German descent.

Previous studies found an age-dependent increase of
CMYV seroprevalence [9, 11-14, 16-23]. This could be sup-
ported by our results in the group of female and male bone
marrow donors and also in pregnant women older than
30 years.

Notably, young pregnant women (15-25 years) had an
increased seropositive rate (55.6%) compared to older preg-
nant women and to age-matched female bone marrow
donors (32.3%). In our previous publication, we also
observed a higher seroprevalence rate of 59.5 and 55.1% in
younger pregnant women aged 16-20 and 21-25 years,
respectively, compared to 39.4-44.2% in women aged

26-40 years by investigating 1,033 blindly selected sera
from antenatal screening [9]. This effect may be explained
by different demographic factors in the various age groups
of pregnant women. Since no data are available on ethnic-
ity, one can only speculate on the reason behind this effect.
Probably, the “young-age group” contains a higher propor-
tion of women with foreign descent. Furthermore, accord-
ing to the population statistics on women who delivered in
2009, those with foreign nationality and unmarried were
overrepresented in the younger age groups [31]. In an ear-
lier study in pregnant women (n=512), Friese etal.
already showed that CMV seroprevalence was markedly
elevated in the younger age group (<20 years; 73%). They
related it to the overrepresentation of women with low
socioeconomic status (SES; 69%) as compared to the older
age groups (<30%, [17]). The authors defined SES by edu-
cation, profession and place of residence, whereas many
studies [9, 13, 27], including our own, used health insur-
ance status as a rough indicator of SES. Our results con-
firmed the findings of various international and German
studies showing that with increasing SES, the seropositive
rates are lower. The most recent study from Frankfurt,
Germany (n = 54,443), reported a higher seroprevalence of
60.1% in women with middle SES compared to 46.8% for

@ Springer



308

Med Microbiol Immunol (2012) 201:303-309

women of upper SES [13]. The overall lower rate of sero-
prevalence in female and male bone marrow donors may be
explained by the assumption that donors are mainly of Ger-
man descent and belong to a higher income group. The lat-
ter is based on the fact that costs of registration and typing
(50 €) are usually covered by the donors themselves.

In some recent studies, changes of CM'V seroprevalence
in different populations over up to two decades have been a
matter of interest [13, 22, 23]. In another German study, a
decline of seroprevalence between two decades (1988-
1997 and 1998-2008) in HIV-negative hospitalized
patients from 63.8 to 58.7% for women and from 63.5 to
55.5% for men was observed [13]. In a Spanish study, a
similar decline from 90.3 to 79.1% has been reported in
women aged 31-40 years between 1993 and 1999 [22]. In
the United States, however, CMV seroprevalence across
most age, sex and racial/ethnic groups showed no signifi-
cant changes between 1988 and 1994 (n=21,639) and
1999-2004 (n =15,310) [23]. We observed a significant
decrease of seroprevalence rates in pregnant women from
44.3 to 40.9% over the last 15 years (1996-2010), whereas
median pregnancy age increased from 29 to 32 years. To
our knowledge, there are no other publications on this sub-
ject.

The reasons for the decline of the CMV seroprevalence
over the last 15 years in the present study are difficult to
elucidate, since it is retrospective and ethnicity is not
known. Some factors may have changed, like breastfeeding
(low breastfeeding rates in the 1960 and 1970s in contrast
to nowadays) or child-rearing practices. Their impact on
seroprevalence can, however, not be proven. This can only
be achieved by a prospective study design including a ques-
tionnaire asking for all important demographic data.

From our results, it is evident that in Germany, the high-
est susceptibility for primary CMV infection exists in preg-
nant women of middle age, German descent and middle to
high SES. The main routes of acquisition are sexual contact
in the younger age groups and contact with CMV-excreting
children in women aged >25 years. The increased risk for
seronegative multiparous women to acquire CMV from
their own infants attending toddler groups or childcare
facilities is well documented [32]. This is supported by our
observation that in the group of primary infections in preg-
nancy, second parous women (one live-born child) are
more frequent (61%) than nulliparous women (27%; no
live-born child; unpublished data).

For prevention of primary infection today, only hygienic
and behavioral measures are available [8, 33]. For CMV
seronegative pregnant women, who work closely with
children <3 years (e.g. as childcare providers or pediatric
health care personnel), work release is recommended for
total pregnancy based on the German Maternity Protection
Act [34]. This is definitely in contrast to other West Euro-
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pean countries and the USA, which emphasize only the
importance of hygiene practices instead.

During the last few years, the knowledge and awareness
of congenital CMV in the general German public has
increased, and its public health burden has been recognized.

Despite valid methods for serology and virus detection,
obligatory CMV antibody screening is presently not
included in antenatal care, since not all preconditions like
the availability of an efficient therapy and prophylaxis are
fulfilled. Antiviral therapy with ganciclovir, which is used
in symptomatic congenitally infected newborns, may have
teratogenic effects and is, therefore, not recommended in
pregnancy [35].

However, two further treatment options of primary
CMYV infection in pregnancy are currently the target of
research: First of all, passive prophylaxis by application of
CMYV hyperimmunoglobulin to mother and fetus aimed to
prevent fetal infection following primary infection and to
treat disease manifestations in infected fetuses was investi-
gated by the study of Nigro et al. [36]. The benefit of this
therapeutic option is currently explored by two randomized
controlled studies (Biotest 963 Multicenter Study and the
blinded placebo-controlled CHIP-Study in Italy). However,
women with primary CMV infection in early pregnancy,
which cannot be included in the above mentioned studies,
request for CMV hyperimmunoglobulin. From 2006 to
2010/2011, more than 200 of such pregnant women have
been “off-label” treated with hyperimmunoglobulin after
informed consent and were followed up in our institution
(G. Enders, unpublished data).

The second treatment option preferred by French
researchers is oral valaciclovir, which is less potent against
CMYV than valganciclovir, but has already been explored in
pregnant women with HSV or VZV infection. Valaciclovir
was applied to pregnant women with symptomatic CMV-
infected fetuses at gestational week 22-34, who desired to
continue pregnancy. Treatment achieved therapeutic aciclo-
vir concentrations in the fetus and reduced viral load in
fetal blood [37], but not in amniotic fluid. Based on the
results of this pilot study, a further randomized placebo-
controlled study was started in 2009 (planned completion
date June 2013).
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