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Abstract

This study evaluated the impact of maternal vaccination against rubella on the levels of spe-
cific rubella IgG (rIgG) in 198 newborn cord sera samples. Detailed maternal vaccination data
were available. Specific rIgG was measured using a commercial enzyme immunoassay. Most
mothers (78.8%) had been vaccinated against rubella at least once in their lives. In 15 (7.6%)
cord sera samples, the concentration of specific rIgG was below 11 IU/ml, which was classified
as seronegative. Statistical analysis using multiple logistic regression (n =198) showed that
newborns of mothers born between 1986 and 1995, and those born to unvaccinated mothers,
were more likely to be seronegative (odds ratio (ORs) 5.2 and 4.9, respectively, adjusted for sex
and gestational age). For vaccinated mothers (n = 156), those born between 1986 and 1995
were more likely to have seronegative newborns (OR 11.5 adjusting for sex, gestational age
and time since last vaccination). Mothers of the 15 (7.6%) seronegative newborns might
have been susceptible to rubella during pregnancy. Checking the vaccination status therefore
recommended.

Introduction

Vaccination against rubella began in Portugal in 1984, using a single antigen vaccine (R)
recommended for girls aged 11-13 years [1], in ‘a selective vaccination strategy’ that had
already been used in other countries [2, 3]. Meanwhile, vaccination to prevent congenital
rubella syndrome (CRS) evolved [4] to a ‘combined strategy’ [3] using two-dose schedules
with a combined measles-mumps-rubella vaccine (MMR). The Wistar RA 27/3 strain was
used in both vaccines (R and MMR) [5].

In 1987, MMR was introduced into the PVP (Portuguese Vaccination Program), for both
males and females, initially at 15 months of age [4, 6], followed by a second dose recom-
mended for young adolescents in 1990 [7]. In 2000, the recommended age for the second
dose of MMR was brought forward to 5-6 years [8] for those born after 1992 [4]. In 2012,
the recommended age for the first dose of MMR was brought forward from 15 to 12 months
of age [9]. Rubella vaccine was also recommended for susceptible women of childbearing age
[7] and since 2000, adult women could be vaccinated with MMR, without previous serological
evaluation, if they had never been vaccinated previously [10]. In 2012, the recommended age
for the first dose of MMR was brought forward from 15 to 12 months of age [9]. Thus, there
are two clear ‘vaccination generations’” of Portuguese women, depending on the official recom-
mendations and available vaccines, which changed over time: those born before 1986 could
not have been vaccinated as young children, while those born from 1986 had the opportunity
to be vaccinated in childhood (with MMR); both generations might have received a second
dose of vaccine against rubella (with MMR) later in life.

Data on the number of annual cases of rubella and CRS in Portugal, before and after vac-
cination was introduced, have limited validity and precision. Nevertheless, reports and sero-
logical studies point to a positive impact of vaccination against rubella in Portugal, both in
serological/immunological terms and in the frequency of CRS [1]. It has been shown that
rubella virus transmission was interrupted in Portugal, leading to an elimination situation
in the years 2012-2014 [11].

Immune responses to rubella vaccines are good, but the protective antibody levels reached
are below those induced by the wild virus infection [12]. Antibody concentration wanes with
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time after vaccination, but most vaccines remain immune [12,
13]. Some seronegative individuals have shown secondary
immune responses after revaccination with the rubella vaccine
[13]. Rubella antibody levels raised by booster vaccine doses
tend to drop back to levels prior to revaccination [14].

Good response to a single dose of vaccine against rubella
(>95% seroconversion), associated with long-term persistence
of protection, might not support the need for a second dose of
vaccine [12]. Nevertheless, countries that are able to sustain
high vaccine coverage have been using combined MMR two-dose
schedules, which seem to be useful for strategies for the elimin-
ation of both rubella and measles [13].

One study from Iran, showed that the specific anti-rubella IgG
(rIgG) concentration was lower in cord blood than in the corre-
sponding maternal sera [15]. Studies in several other settings
have reported higher concentrations of rIgG in cord blood
[1, 16, 17]. Depending on the cut-off of seropositivity used, this
shows that in some mother/newborn pairs, a woman may be clas-
sified as ‘susceptible’ while her newborn is ‘immune’ to rubella [1].

In the 21st century, with the epidemiological situation evolving
as a result of the strategies of vaccination against rubella, sero-
logical studies measuring rIgG in cord blood have been used to
assess the immunological impact of vaccination in several devel-
oped countries, comparing rIgG levels of children from unvaccin-
ated and vaccinated mothers [1, 18, 19].

The present study aims to contribute to the evaluation of the
serological impact of vaccination against rubella in Portugal, by
measuring seropositivity in cord sera. Maternal blood samples
were not obtained but, since rIgG in cord blood is of maternal ori-
gin, it was a proxy for the immune status of mothers. Since the effi-
cient transplacental transfer of rIgG has been observed in Portugal
[1], we assumed that the proportion of susceptible mothers was
equal to or superior to the proportion of susceptible newborns.

The specific objectives of this study were to measure the pro-
portions of cord sera with rIgG levels corresponding to the nega-
tive or positive status (dependent variable), and to evaluate its
association with the following potential predictive (independent
variables):

o Sex of the newborn, because it is an important biological vari-
able, and at least one study reported an association between sex
and rIgG levels [20].

« Gestational age, because it has been shown to influence trans-
placental transport efficiency and thus, the levels of protective
rIgG in newborns [1, 21].

o Maternal ‘vaccination generation’ (those born before 1986 or
between 1986 and 1995), because it might be associated with
the probability of having been exposed to the rubella wild
virus, due to changes in the frequency of the natural infection
over time [11].

o Maternal vaccination status, the main variable of interest (see
text above).

o For newborns of vaccinated mothers, some specific aspects of
their vaccination history were assessed as potential predictive
variables such as time since the last dose, a number of doses
received and maternal age at a first dose. The potential influence
of these variables has been previously studied and discussed [12].

Methods

This study used stored cord sera from a previous study [22] con-
ducted in the Obstetric service of a Portuguese NHS hospital,
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between October 2012 and March 2013. Approval for the study
was obtained from the local primary health care board and the
ethical committee of the hospital. After written informed consent
was obtained, 206 mothers were interviewed. At birth, a cord
blood sample was collected. Maternal blood samples were not col-
lected. From the initial 206 samples, 198 sera were available for
testing. Power calculations were not done as this was a conveni-
ence sample. We also had access to sera from a previous study
together with reliable data on maternal vaccination status.

Individual maternal vaccination records were consulted during
the interview whenever possible. Where those records were not
available, the vaccination history was checked using computerised
vaccination records in the primary care health centres. Thus, pre-
cise data on the number of doses and dates of vaccination against
rubella were available.

Specific IgG antibodies to the rubella virus (rIgG) were mea-
sured in the sera, using the commercial immunoassay anti-rubella
Virus ELISA (Euroimmun AG, Germany). Antibody levels were
calculated and interpreted according to the manufacturer’s instruc-
tions: rIgG levels below 8 international units per millilitre (IU/ml)
were considered ‘negative’, those >11 IU/ml ‘positive’ and those
between 8 and 11 IU/ml results were considered ‘borderline’. As
we were studying cord sera, which were likely to have higher con-
centrations of antibody than their corresponding maternal sera
(not assessed in this study), we chose to interpret those with
rIgG concentrations <11 IU/ml as ‘seronegative’. This is consistent
with the rIgG cut-off levels used to consider people as protected
against infection [12] although this correlate of protection is not
absolute owing to the role of cell-mediated immunity [12].
Thus, the terms ‘susceptible/immune’ should be used with caution.

The general characteristics of the participants and some details
of maternal vaccination histories were described. Potential pre-
dictive variables were dichotomised using the following cut-off
values:

« Gestational age - the 37 week cut-off commonly used for the
definition of preterm.

 Time since last vaccination — the median value of the continu-
ous variable was used as cut-off.

« Vaccination status, vaccines used with the first dose and the age
of 15 months to receive the first dose of vaccine - classes were
chosen according to the objectives of this study, described above.

Analysis of the association between potential predictive vari-
ables and seronegativity/susceptibility (level of rIgG <11 IU/ml)
was performed in three steps: among all (n=198) participants,
and in newborns from unvaccinated (n=42) and vaccinated
(n=156) mothers. In each step, a classical univariate analysis
was done, using 2 x 2 tables and x> or Fisher’s exact tests. After
that, logistic regression models were used, fitting a final model
after a backward stepwise approach. Variables remaining in the
final models were significantly below the 5% level. Due to its dis-
tribution, variables like maternal age at first dose and number of
vaccine doses received were not included in the logistic models
and were only evaluated in specific birth cohorts. All statistical
analyses were performed using SPSS®.

Results

General characteristics

Characteristics of the 198 newborns and their mothers are shown
in Table 1. Most mothers (78.8%) had been vaccinated against
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rubella and they were younger than unvaccinated mothers in gen-
eral (P<0.0001). Only three mothers of the generation born
between 1986 and 1995 (younger women), had never been vacci-
nated against rubella. The proportions of ‘positive’ and ‘negative’
cord sera were 92.4% and 7.6%, respectively.

Maternal vaccination history

Some details on the vaccination history of the 156 vaccinated
mothers are displayed in Table 2. Data are stratified by the mater-
nal ‘vaccination generation’ if they had been born before 1986
(n=119) or in 1986-1995 (n =37).

Women born before 1986 received both monovalent and MMR
vaccines. Seven (6%) had received two vaccinations against rubella.
For most of these women, vaccination began at much older ages
than for those born between 1986 and 1995. None of these older
women had been vaccinated against rubella before 15 months of
age and most had received the vaccine after reaching 10 years of age.

For the generation born between 1986 and 1995, only MMR
was used. This group began vaccination at much younger ages
and ten of them were vaccinated before reaching 15 months of
age. The two mothers receiving only one dose of MMR were the
exception: they were vaccinated only after 10 years of age. As this
was a much younger age group, the time elapsed since the last
dose of vaccine was much less than for mothers born before 1986.

Determinants of the concentration of rigG in the cord blood of
all newborns (n=198)

In 15 (7.6%) cord sera samples, the concentration of rIgG was

below 11 IU/ml - classified as seronegative. The corresponding

Table 1. Characteristics of newborns and their mothers, and rubella 1gG
seronegativity in cord blood samples (n=198)

Variable Value n
Sex of newborn Female 99 (50%)
Male 99 (50%)
Gestational age (in weeks)® Mean - s.p. 38.9-1.4
min - max 34-42
Gestational age group?® >37 weeks 161
(83%)
<37 weeks 33 (17%)
(preterm)
Maternal age (in years) Mean - s.p. 31.3-5.4
min - max 17.2-48.1
Years of birth of mothers Before 1986 158
‘vaccination generation’ (79.8%)
1986-1995 40
(20.2%)
Maternal vaccination status Vaccinated 156
(78.8%)
Unvaccinated 42
(21.2%)
Immune status of newborns Positive 183
(threshold of 11 IU/ml of rubella (=11 1U/ml) (92.4%)
1gG
€6) Negative 15 (7.6%)
(<11 1U/ml)

?Data missing in four participants.
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mothers could, therefore, have been susceptible to rubella. In add-
ition, some mothers of newborns considered to be seropositive
could also have been susceptible to rubella, although it was not
possible to precisely estimate that number. As said before, the
concepts of susceptibility/immunity are to be interpreted with
caution. On univariate analysis, using 2 x 2 tables, showed that
children from the ‘vaccination generation’ of mothers born
between 1986 and 1995 were more likely (P =0.056) to be sero-
negative. Being preterm and born to an unvaccinated mother
appeared to increase the likelihood of being seronegative (at a sig-
nificant level <0.10). However, after multiple logistic regression,
the only predictive variables were vaccination status and ‘vaccin-
ation generation’ (Table 3). Newborns of mothers born between
1986 and 1995 (P=0.010) and from unvaccinated mothers
(P=0.013) were more likely to be seronegative.

Determinants of the concentration of rigG in the cord blood of
newborns from unvaccinated (n=42) and vaccinated (n=156)
mothers

In six (14.3%) of the newborns born to unvaccinated mothers
(n=42), the concentrations of rIgG in the cord sera were below
11 IU/ml (seronegative). None of the potential predictive
variables was found to be associated with seronegativity.

In nine (5.8%) cord sera of newborns of vaccinated mothers
(n=156), the concentration of rIgG was below 11IU/ml

Table 2. Data on vaccination against rubella of 156 mothers, by birth cohort

Mothers
born Mothers
before born 1986
1986 (n= —1995 (n
Variable Value 119) =37)
Types of R (only one dose) 46 0
vaccines
against R (followed by one 1 0
rubella used dose of MMR)
in the first MMR (followed by 3 0
and second one dose of R)
doses
MMR (only one dose) 66 2
MMR (two doses) 3 35
Age (in years) Mean - s.n. 11.7-3.5 2.2-2.4
at first dose .
of vEed e min - max 2.5-33.3 0.7-11.4
Age (group) <15 months 0 10
at first dose
off vaeding 15 months - 4 years 3 23
5-9 years 9 2
10.0-14.4 years 105 2
Adults (>32 years) 2 0
Time since Mean - s.p. 20.8-1.4 12.6-2.6
the last dose .
of vaccine (in min - max 3.0-28.6 7.8-18.5
years)
Time since <19.4 years (median) 41 37
the last dose K
L — >19.4 years (median) 78 0
(by groups)

R, Monovalent vaccine against rubella; MMR, Combined vaccine against measles, mumps
and rubella.
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Table 3. Association between potentially predictive variables and seronegativity (rubella IgG <11 IU/ml in cord sera) in newborns (n=198)

Seronegativit
Variable . i

Univariate analysis 2 x 2 table (n=198) LR? backward stepwise

Value Positive (=11 IU/ml)

Negative (<11 IU/ml)

P value (test) OR (95% Cl) P value OR (95% Cl)

Sex of the newborn

Female® 93 6

P=0.649 (1% =

Male 90 9

1.5 (0.5-4.5)

Gestational age®

37 + weeks® 152 9

P=0.067 (Fisher) -

<37 weeks (preterm) 28 5

3.0 (0.9-9.7)

Maternal ‘vaccination cohort’

Born before 1986° 149 9 P=0.056 (Fisher) P=0.010

Born 1986-1995 34 6 2.9 (0.98-8.8) 5.2 (1.5-18.5)
Maternal vaccination status

Vaccinated® 147 9 P=0.094 (Fisher) P=0.013

Unvaccinated 36 6 2.7 (0.9-8.1) 4.9 (1.4-17.3)

TOTAL 183 15 = =

Logistic regression (n=194).
PReferent class.
“Four missing observations.

(seronegative). Both on univariate analysis and multiple logistic
regression, the only significant predictive variable was ‘vaccination
cohort’ (Table 4). Children of mothers vaccinated between 1996
and 1995 were more likely to be seronegative.

The potential predictive value of the number of doses received
(one or two) was analysed for vaccinated mothers born before
1986; the potential predictive value of receiving the first vaccine

against rubella before the recommended age of 15 months was
analysed for vaccinated mothers born between 1986 and 1995.
In both cases, no association was observed.

Discussion

The main findings of this study were that:

Table 4. Association between potentially predictive variables and seronegativity (rubella 1gG <11 IU/ml in cord sera) in cord sera of newborns from vaccinated

mothers (n=156)

Variable Seronegativity

LR* backward
stepwise

Univariate analysis 2 x 2 table
(n=156)

Value Positive (=11 IU/ml)

Negative (<11 IU/ml)

P value (test) OR (95% Cl) P value OR (95% Cl)

Sex of the newborn

Female® 76 5

P=1.000 (Fisher) -

Male 71 4

0.9 (0.2-3.3)

Gestational age®

37 + weeks? 124 5 P=0.112 (Fisher) =
<37 weeks (preterm) 21 3 3.5 (0.8-15.9)
Maternal ‘vaccination
generation’
Born before 1986° 116 3 P=0.006 (Fisher) P=0.004
Born 1986-1995 31 6 7.5 (1.8-31.6) 11.5 (2.2-59.9)

Time since last vaccination

<19.4 years (median) 78 6 P=0.507 (Fisher) -
>19.4 years (median) 69 3 0.5 (0.1-2.0)
TOTAL 147 9 - -

OR, odds ratio; LR, logistic regression.
®Three missing observations.
PReferent class.
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(A) Most mothers (78.8%) had been vaccinated against rubella at
least once in their lives and were younger than unvaccinated
mothers. Among the 156 vaccinated mothers the type of vac-
cine, the number of doses and age at first dose varied accord-
ing to age (having been born before 1986 or thereafter).

(B) For 15 (7.6%) cord sera samples, the concentration of rIgG
was below 11 IU/ml, the newborns being classified as sero-
negative or susceptible. This is consistent with the rIgG
cut-off levels used to consider people protected against infec-
tion [12]. See comments below on the validity of the con-
cepts ‘susceptible/immune’.

(C) Among all participants (n = 198), children born to unvaccin-
ated mothers were more likely to be seronegative.

(D) Among all participants (n=198) and children from vacci-
nated mothers (n = 156), children from mothers born before
1986 were more likely to be seropositive.

Internal and external validity

The data on maternal age and vaccination history were valid and
precise. The main limitation of this study was that cord sera anti-
body seronegativity was used as a proxy for maternal immunity.
However, as previously stated, the correlation between rIgG
serum concentration [12] and the concepts ‘susceptible/immune’
is not absolute and should be interpreted with caution. Therefore,
it was possible that some ‘seronegative’ mothers were actually
‘protected” against the infection. Nevertheless, as said in the intro-
duction, other authors have used cord sera measurements [1, 18,
19]. Commercial EIA assays have been recognised to be valid lab
techniques to conduct seroepidemiological studies and the thresh-
old for seronegativity used in this study has been recommended
[12]. Thus, the results reported here are both valid and compar-
able. While internal validity (association between variables) can
be trusted, extrapolations to the entire Portuguese population
and to other populations should be made cautiously.

Comparison with results from other studies

The proportion of vaccinated mothers (78.8%) in the present
study (findings ‘A’) is much higher than the 52.8% coverage
observed in Portuguese mothers giving birth in 1993/1994 [1],
the value of 65.6% reported among Dutch mothers in 2006-
2007 [18] and the 38% coverage in Japanese mothers in 2013
[19]. Among participants in this study, the type of vaccines
used and ages of administration varied with maternal age,
which is consistent with the evolving changes in the Portuguese
vaccination schedule, as reported in the ‘Introduction’.

It was likely that the mothers of the 15 (7.6%) seronegative new-
borns (findings ‘B’) had been susceptible to rubella during preg-
nancy and it was also likely that a small proportion of mothers of
seropositive newborns were also susceptible, although it was not
possible to precisely estimate that proportion. The finding ‘C,
that the proportion seronegative was higher among newborns
from unvaccinated mothers is not consistent with findings from
other studies but could mean that rubella wild virus has not been
circulating in Portugal for a long time now and some unvaccinated
women might not have come into contact with the wild virus. In a
previous Portuguese study conducted among mothers giving birth
in 1993/1994, seronegative cord sera were also more frequent
among children from unvaccinated than from vaccinated mothers
(P=0.008); however, the results are difficult to compare, because
a different commercial lab technique and a higher concentration
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cut-off value were used to measure antibodies and classify them
as seropositive/seronegative; in any case, that study identified
more seronegative (susceptible) mothers than newborns [1]. In a
Dutch study, the lab technique used was different, making compar-
isons with the present study practically impossible; nevertheless,
there were small (non-significant) differences in rIgG concentration
between vaccinated (general population) and unvaccinated mothers
(from a religious minority group) [18]. In a Japanese study con-
ducted in 2013 [19] 5.7% of cord sera were seronegative and
although the precise seronegative proportions among newborns
from vaccinated and unvaccinated mothers were not reported, the
concentration of rIgG was higher among those born from unvaccin-
ated mothers, who were assumed to have been infected with the
wild virus; again, comparisons with the present study are made dif-
ficult because of the different lab techniques and cut-off values.

Our finding that time since last maternal vaccination was not
associated with the likelihood of newborns being seronegative is
consistent with the previous knowledge that although antibody
concentration wanes with time after vaccination, most vaccinees
remain immune for life [12, 13].

The observed lower proportion of seronegative newborns from
mothers born before 1986 is consistent with previous theoretical
knowledge and changing epidemiological situations. Immune
responses to rubella vaccines are below those induced by the
wild virus infection [12]. On the other hand, although we have
no precise data, it is expected that Portuguese women born before
1986 were more likely to have been infected with the wild rubella
virus [11]. These types of findings and explanations were also
described in a Japanese study [19].

Recommendations on vaccinating women in childbearing age

From the findings of the present study, it was observed that some
vaccinated and some unvaccinated mothers were susceptible to
rubella such that there was a hypothetical risk of CRS. Those
situations were rare but, nevertheless, undesirable and potentially
preventable. Thus, the vaccination status of women of childbear-
ing age should be checked. Since 2000, the Portuguese guidelines
have stated that adult women can be vaccinated with MMR with-
out previous serological evaluation if they had never been vacci-
nated previously [10].

One of us (JF) contacted the 15 mothers of seronegative chil-
dren by telephone, advising them to discuss the result with their
General Practitioner. We hope that this may have helped to
protect future pregnancies from the risk of CRS.
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