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ABSTRACT
Following a rubella outbreak in 2011, Vietnam implemented a mass measles-rubella vaccination cam-
paign for children aged 1–14 years in 2014–2015, further expanding the target age to 16–17 years in 2016; 
routine vaccination was introduced in 2014. However, there was concern that a substantial proportion of 
women of child-bearing age were still susceptible to rubella, with the fear of congenital rubella emer-
gence. Thus, we conducted a prospective cohort study in Nha Trang, Vietnam, from 2017–2018 to 
investigate pregnant women’s susceptibility to rubella infection, the incidence of congenital rubella 
infection, and factors associated with susceptibility. Cord blood was tested for rubella-specific immuno-
globulin M (IgM) and IgG; neonatal saliva and cord blood specimens were examined for rubella-RNA. We 
analyzed 2013 mother-baby pairs. No baby was rubella-IgM or rubella-RNA positive. Overall, 20.4% of 
mothers were seronegative (95% confidence interval, 18.6%–22.1%). The seronegativity was significantly 
low among mothers aged <35 years. We found that maternal age groups of 20–24 and 25–29 years, and 
the lack of self-reported vaccination history were significantly associated with seronegativity. Many 
pregnant women who were not covered by the vaccination campaign are still at risk of rubella infection.
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Rubella infection in pregnant women can result in miscarriage, 
fetal death, or congenital disabilities known as congenital 
rubella syndrome (CRS).1,2 In 2009–2010, when rubella- 
containing vaccines (RCVs) were not part of the national 
vaccination programme, 29% (95% confidence interval [CI], 
27%–31%) of pregnant women in Nha Trang, Vietnam, were 
susceptible to rubella.3 In 2011, a large-scale rubella outbreak 
occurred throughout Vietnam, and many CRS cases emerged.4 

After experiencing this outbreak and estimating the number of 
CRS cases,3,5 Vietnam conducted a mass measles-rubella (MR) 
vaccination campaign in 2014–2015, targeting children aged 
≤14 years (born between January 2000 and June 2013). 
Furthermore, MR vaccination was introduced into the routine 
vaccination programme in 2014 for 18-month-old children 
and added MR vaccination campaign for adolescents aged 
16–17 years in 2016 (born in 1998–1999).6 The MR vaccination 
campaign and the routine vaccination programme were 
initiated with MR-VAC (Serum Institute of India Pvt. Ltd., 
Pune, India) and subsequently, the routine vaccination pro-
gramme was continued using MRVAC (Polyvac, Hanoi, 
Vietnam) that was produced and licensed in Vietnam in 
2018. The MR vaccination campaign covered 98.2% and 
94.9% of the target population in 2014–2015 and 2016, respec-
tively, in the entire country. The coverage was 97.6% and 
93.1%, respectively, in the Khanh Hoa province, where Nha 
Trang is located.7 Vietnam has maintained 90%–95% MR 

routine vaccination coverage between 2014 and 2018. Despite 
introducing the vaccines in Vietnam, 59–798 rubella and 1–19 
CRS cases were reported annually between 2014 and 2018.8 

While such preventive strategies could prevent rubella out-
breaks among children, it is a serious concern that 
a substantial proportion of women of child-bearing age (not 
covered by the catch-up vaccination) may remain susceptible 
and get infected in case of an outbreak.

This study investigated the susceptibility of pregnant 
women to rubella infection, the incidence of CRS/congenital 
rubella infection among new-born infants, and the factors 
associated with them in 2017–2018, in a transition period 
from pre- to post-RCV status, when it had been six years 
after the previous outbreak and three years after the catch-up 
campaign and introduction of the MR vaccine into the routine 
vaccination programme.

A prospective cohort study was launched at Khanh Hoa 
General Hospital (KHGH) in Nha Trang, the capital city in 
Khanh Hoa province, central Vietnam. This study, a survey 
using the birth cohorts, was a variant of a previous study 
published before the introduction of MR vaccinations in 
2014.3 KHGH is a provincial hospital with approximately 
6000 deliveries per year. We enrolled women aged ≥18 years, 
living in 16 target communes in Nha Trang, who delivered 
a live singleton baby at KHGH, between July 2017 and 
September 2018. Women with multiple births, stillbirths, or 
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serious complications before pregnancy were excluded. We 
provided a structured questionnaire before delivery and col-
lected demographic, socioeconomic, and clinical information, 
including self-reported RCV history and symptoms of rubella 
or other infections during pregnancy. The symptoms included 
fever, rash, arthralgia/arthritis, lymphadenopathy, and con-
junctivitis. Perinatal and neonatal information was obtained 
from medical charts. The neonate’s symptoms were also 
recorded, focusing on those suspected of congenital infection 
that included birthweight (<the 10th percentile), suspected 
meningoencephalitis (bulging or enlarged anterior fontanel), 
microencephaly (head circumference <30 cm), hydrocephalus/ 
ventriculomegaly, congenital heart disease, and suspected 
hearing loss (lack of Moro reflex in response to auditory stimuli 
or failed automated auditory brainstem response test (if per-
formed)). Other symptoms included cataracts, glaucoma, 
hepatosplenomegaly, jaundice (<24 hours after birth or requir-
ing exchange transfusion), purpura, and/or petechiae (“blue-
berry muffin” lesions), lymphadenopathy, anemia (hemoglobin 
<13 g/dL), and thrombocytopenia (platelet <150,000/μL). The 
process was conducted by two trained research staff-nurses at 
KHGH and two trained field workers from Khanh Hoa Health 
Service, under the supervision of a research clinician in KHGH.

Cord blood was collected immediately after delivery. The 
plasma was tested for rubella-specific immunoglobulin 
M (IgM) using an enzyme immunoassay kit (Denkaseiken, 
Tokyo, Japan) and immunoglobulin G (IgG) using an enzyme- 
linked immunosorbent assay kit (IBL INTERNATIONAL, 
Hamburg, Germany). Anti-rubella IgM levels were categorized 
as negative for antibody index of <0.80, equivocal for antibody 
index of 0.80–1.20, and positive for antibody index of >1.20, 
following the manufacturer’s recommendations. IgG levels 
were categorized as negative for titers <10 IU/mL and positive 
for titers ≥10 IU/mL.9,10

Saliva samples were obtained from the infants by retaining 
a swab under the tongue for approximately 30 seconds to 
absorb sufficient saliva on birth or the next day. The swab 
was placed into a sample tube, and the saliva was spun down. 
The saliva and whole blood samples were tested for rubella 
virus RNA using real-time polymerase chain reaction (RT- 
PCR), which was considered negative if viral RNA was not 
detected (<2 x 10^3 copies/mL).11

Demographic, socioeconomic, and clinical characteristics of 
the enrolled mothers and babies, who were rubella-specific 
IgG-positive/negative, were described using frequency and 
percentages. The mothers’ age was divided into six groups: 
18–19, 20–24, 25–29, 30–34, 35–39, and ≥40 years. Overall 
and age group-specific proportions of those negative for 
rubella-specific IgG, such as rubella seronegativity (susceptibil-
ity), were calculated. The number of neonates with positive 
rubella-specific IgM or rubella-RNA, as congenital rubella 
infection, was determined. The odds ratio (OR) of rubella 
seronegativity for every mother’s or baby’s demographic, 
socioeconomic, or clinical factor was estimated using logistic 
regression. Each OR, except for the OR for the mother’s age 
group, was adjusted for the mother’s age group (adjusted ORs 
[aORs]). Rubella seronegativity in the total cohort and each 
mother’s age group were compared with those in a previous 
study,3 using the chi-squared test. P values of <0.05 were 

considered statistically significant. Statistical analyses were 
conducted using STATA version 14.0 (StataCorp LLC, 
TX, USA).

The institutional ethical review boards of the National 
Institute of Hygiene and Epidemiology, Hanoi (IRB- 
VN01057-30/2015) and the Institute of Tropical Medicine, 
Nagasaki University (160908158), approved this study. 
Written informed consent was obtained from all respondents 
before participation.

Overall, 3223 deliveries from mothers living in the catch-
ment area were carried out at KHGH. Of those, 2015 women 
(62.5%) were eligible and enrolled in the study, and 2013 
cord blood samples were collected and tested. We could not 
collect the samples from two of the 2015 enrollments. The 
mean age of the 2013 mothers was 28.4 years (standard 
deviation [SD] 4.9), ranging from 18–46 years. A majority 
(1407/2013, 69.9%) of the women had obtained high school 
or higher-level education, and 60% (1199/2013) lived in 
urban areas. Overall, 12.6% (253/2013) of the mothers 
reported receiving RCV. The proportions of self-reported 
RCV administration were 0% (0/53), 7.6% (29/382), 15.2% 
(119/785), 15.6% (88/564), 8.3% (16/193), and 2.8% (1/36) in 
the age groups 18–19, 20–24, 25–29, 30–34, 35–39, and 
40–46 years, respectively. The babies’ mean birthweight was 
3282.8 g (SD 419.9), range 1700–5300 g, at the median 
gestational age of 39.3 weeks (interquartile range 38.6–40.0), 
range 32.7–41.4. The characteristics of the mothers and 
babies are shown in Table 1.

Further, 20.4% (410/2013, 95% CI, 18.6–22.1) of the 
mothers were rubella seronegative. The highest (104/382, 
27.2% [95% CI, 22.7–31.7]) and the lowest (4/36, 11.1 [95% 
CI, 0.3–21.9]) were observed in the age groups 20–24 and 
≥40 years, respectively (Figure 1). Rubella seronegativity was 
associated with women aged 20–24 years (OR 1.89 [95% CI, 
1.38–2.60]) and 25–29 years (OR 1.35 [1.02–1.79]), compared 
to those aged 30–34 years; and those who reported to have not 
been administered RCV previously (aOR 5.85 [3.24–10.58]), 
compared with those that reported RCV history.

Rubella seronegativity was significantly lower in the overall 
(p < .001) and in age-groups 18–19 (p = .001), 20–24 (p = .009), 
25–29 (p = .008), and 30–34 years (p < .001) (Figure 1), 
compared to the 2009–2010 birth cohort study.3 Younger 
mothers had higher seronegativity during 2009–2010; however, 
the peak shifted to age-group 20–24 years during 2017–2018.

Symptoms, such as fever and arthralgia/arthritis were 
reported in 101 and 1 mother, respectively; however, none 
experienced rash, lymphadenopathy, or conjunctivitis during 
pregnancy. In this study, 38 infants had at least one symptom 
suspected of congenital infection, including purpura/petechiae 
(only) in 17, jaundice within 24 hours after birth (only) in 6, 
light-for-dates (only) in 6, thrombocytopenia with/without 
light-for-dates in 6, PDA (only) in one, PDA, microcephaly, 
and light-for-dates in one, PDA and purpura/petechiae in one, 
hepatosplenomegaly in one, and microcephaly in one. 
However, all the study subjects tested, including the above 
mentioned 38 infants, were negative for rubella-specific IgM 
and rubella-RNA; therefore, no congenital rubella infection 
was detected in this birth cohort. Hence, we regarded the 38 
babies as non-CRS.
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Although there were no congenital rubella infection cases in 
this study, we found that a high proportion (20%) of women of 
child-bearing age (WCBA) are still susceptible to rubella infec-
tion after the 2011 outbreak.

The introduction of RCV may have contributed to the 
suppression of congenital rubella infection, as detected in this 
study, by reducing the rubella virus circulating in the commu-
nity and suppressing an epidemic even 6 years after the pre-
vious outbreak. Before the introduction of the vaccination, 
large epidemics occurred every 3–8 years.12

The previous birth cohort study, with the same setting, 
found that 28.9% of WCBA were seronegative to rubella, in 
which 3 of 1988 babies had congenital rubella infection.3 The 
study was conducted in 2009–2010, before the rubella outbreak 
(2011) and the introduction of RCV (2014). In comparison, 

seronegativity decreased significantly in the current study 
owing to infection and/or vaccination. The 2014–2016 MR 
vaccination campaign could be implemented in the women 
aged 18–20 years in 2017–2018, most of the youngest age 
group and a part of age 20–24 group in this study, when they 
were 14–17 years old. Assuming that the rubella virus can 
equally infect susceptible people of all age groups, the substan-
tial reduction in seronegativity among the youngest age group 
could be explained by vaccination. Meanwhile, 18.9% of 
women aged 18 to 19 were still seronegative, and the reduction 
in seronegativity seemed less than expected from the high 
immunogenicity of RCVs and the high officially-reported cov-
erage rate (>90%) of the campaign in Khanh Hoa. Without 
individual vaccination record information, however, it will be 
difficult to discuss the gap in detail.

Table 1. Rubella seronegativity in each characteristic of mothers and babies.

Characteristics All Number (%) Seronegative Number (%) Odds ratio (95%CI) Adjusted odds ratio* (95%CI)

　 　 　 n = 2013 n = 410 　 　
Mothers 　 　 　 　
　 Age group 　 　 　 　
　 　 18–19 53 (2.6) 10 (2.4) 1.18 (0.57–2.43)
　 　 20–24 382 (19.0) 104 (25.4) 1.89 (1.38–2.60)
　 　 25–29 785 (39.0) 165 (40.2) 1.35 (1.02–1.79)
　 　 30–34 564 (28.0) 93 (22.7) reference
　 　 35–39 193 (9.6) 34 (8.3) 1.08 (0.70–1.67)
　 　 40–46 36 (1.8) 4 (1.0) 0.63 (0.22–1.83)
　 Maternal education 　 　
　 　 No school/primary 136 (6.8) 29 (7.1) reference reference
　 　 Secondary 470 (23.4) 112 (27.3) 1.15 (0.73–1.83) 1.05 (0.66–1.67)
　 　 High school 506 (25.1) 113 (27.6) 1.06 (0.67–1.68) 0.95 (0.60–1.52)
　 　 College/university 901 (44.8) 156 (38.1) 0.77 (0.50–1.21) 0.72 (0.46–1.13)
　 Maternal occupation 　 　
　 　 Unemployed/house-wife 536 (26.6) 120 (29.3) reference reference
　 　 Farmer/fishery/un-skilled worker 443 (22) 95 (23.2) 0.95 (0.70–1.28) 1.00 (0.74–1.36)
　 　 Office worker/skilled worker 862 (42.8) 169 (41.2) 0.85 (0.65–1.10) 0.91 (0.69–1.19)
　 　 Owner/professional 134 (6.7) 20 (4.9) 0.61 (0.36–1.02) 0.73 (0.43–1.24)
　 　 Other 38 (1.9) 6 (1.5) 0.65 (0.27–1.59) 0.69 (0.28–1.69)
　 Rubella vaccination history 　 　
　 　 Yes 253 (12.6) 12 (2.9) reference reference
　 　 No 1737 (86.3) 395 (96.3) 5.91 (3.28–10.67) 5.85 (3.24–10.58)
　 　 Unknown 23 (1.1) 3 (0.7) 3.01 (0.78–11.56) 3.11 (0.81–11.99)
　 Residential area 　 　
　 　 Urban 1199 (59.6) 240 (58.5) 0.95 (0.76–1.18) 0.96 (0.77–1.20)
　 　 Rural 814 (40.4) 170 (41.5) reference reference
　 Para 　 　
　 　 Primipara 827 (41.1) 162 (39.5) 0.92 (0.74–1.15) 0.72 (0.56–0.92)
　 　 Multipara 1186 (58.9) 248 (60.5) reference reference
　 Number of antenatal care visit 　 　
　 　 0–3 72 (3.6) 17 (4.2) reference reference
　 　 4–6 189 (9.4) 51 (12.4) 1.2 (0.64–2.25) 1.20 (0.64–2.27)
　 　 7–9 605 (30.1) 118 (28.8) 0.78 (0.44–1.40) 0.77 (0.43–1.39)
　 　 10 or more 1147 (57) 224 (54.6) 0.79 (0.45–1.38) 0.79 (0.44–1.39)
　 Mode of delivery 　 　
　 　 Cesarean section 836 (41.5) 178 (43.4) 1.10 (0.89–1.37) 1.20 (0.96–1.50)
　 　 Vaginal delivery 1177 (58.5) 232 (56.6) reference reference
Neonates 　 　
　 Sex 　 　
　 　 Boys 1057 (52.5) 218 (53.2) reference reference
　 　 Girls 956 (47.5) 192 (46.8) 0.97 (0.78–1.2) 0.98 (0.79–1.22)
　 Low birth weight (<2500 gram) 　 　
　 　 Yes 26 (1.3) 4 (1.0) 0.71 (0.24–2.07) 0.69 (0.23–2.05)
　 　 No 1987 (98.7) 406 (99.0) reference reference
　 Preterm birth (gestational age at birth <37 weeks) 　 　
　 　 Yes 68 (3.4) 10 (2.4) 0.66 (0.34–1.31) 0.65 (0.33–1.28)
　 　 No 1934 (96.6) 399 (97.6) reference reference
　 With symptom suspected of congenital infection 　 　
　 　 Yes 38 (1.9) 10 (2.4) 1.41 (0.68–2.92) 1.46 (0.70–3.06)
　 　 No 1975 (98.1) 400 (97.6) reference reference

*Odds ratio adjusted by mother’s age group.

3158 M. TOIZUMI ET AL.



Globally, a wide range of rubella seronegativity among 
WCBA has been reported after implementing the RCV pro-
gramme. It ranged from 1.6% in Iran, in 2012,13 1.7% in 
Poland, in 2015,14 and 3.0% in Brazil, between 2009–2010,15 

to 24% in Sri Lanka, in 2017,16 33.8% in China, in 2012,17 and 
41.6% in China, in 2017.18 These rates may differ due to the 
vaccination strategy differences, coverage, time after its intro-
duction, and timing of rubella epidemic. To introduce RCVs 
in a country, the World Health Organization recommended 
a campaign to promote RCV, targeting individuals of varying 
ages (e.g., 9 months–15 years), followed immediately by the 
introduction of RCV into the routine programme. 
Additionally, it emphasized that countries should make 
efforts to vaccinate all non-pregnant WBCA who are not 
already vaccinated or who are seronegative for rubella by 1 
dose of RCV.19,20 Robertson et al. warned against the strategy 
of a mass campaign for 1–14-year-olds with routine RCV 
vaccination for children, resulting in the resurgence of rubella 
in teens/adults, leading to CRS.21 In a systematic review, 
Mongua-Rodríguez et al. compared the impact of rubella 
vaccination strategies on acquired rubella and CRS rates in 
the Americas.22 In the review, vaccination strategies for chil-
dren, similar to those conducted in Vietnam, reduced the rate 
of acquired rubella incidence23,24 and prolonged the epidemic 
cycles.25 However, this strategy was insufficient to control the 
endemic rates because outbreaks among young adults con-
tinued to occur.24 Combined vaccination strategy with a risk 
population approach for adults (WCBA, college students, 
health care workers, teachers, military personnel, government 
employees, and industry employees) and universal vaccina-
tion for boys and girls could be more efficient in reducing the 
incidence of acquired rubella and CRS as observed in Brazil, 
the US, and Cuba.26–29 The review concluded that 
a combined vaccination strategy with routine vaccination 
for boys and girls and universal vaccination for adolescents 
and adults (both men and women), aged 15–39 years, 

through “speed-up” campaigns, was the most effective 
strategy.22 This strategy reduced rubella incidence by more 
than 98%, and no CRS was reported since 2008 in Mexico 
and Costa Rica.30,31 A universal or risk population approach 
to adults should also be considered in Vietnam and other 
countries, initiating a rubella elimination programme to pro-
tect WCBA directly and indirectly from exposure to rubella, 
depending on the feasibility of such approaches and the 
available resources.

We found that age groups 20–24, 25–29, and having no self- 
reported RCV history increased seronegativity. The youngest 
age group showed the highest seronegativity in previous stu-
dies during the pre/post-RCV era,3,17,32–34 indicating cumula-
tive opportunities to be exposed to rubella virus or vaccination 
by age. However, younger age did not influence increased 
seronegativity in other studies, both before and after RCV 
initiation,15,35,36 depending on the timing of rubella epidemics 
and the difference in vaccine coverage of each age group after 
changing the vaccine strategy in each country. Our study 
shifted the peak age from <20 to 20–29 years, probably due 
to mass vaccination campaigns discussed above.

Some factors, including maternal education, maternal occu-
pation, residential area, para, number of antenatal care visit, 
mode of delivery, baby’s sex, low birth weight, and preterm 
birth, might be less relevant for rubella seronegativity in this 
study, while some of these were discussed as the relevant 
factors in previous studies.3,17,34,36–39

A limitation of the present study is that we could not 
discuss the effect of RCVs on the rubella seronegativity 
sufficiently due to the unavailability of individual vaccina-
tion record to confirm the self-reported RCV history. This 
study described the CRS incidence and rubella seronegativ-
ity that was reported a relatively short time after the pre-
vious rubella outbreak and vaccine introduction. Further 
studies are required to monitor the changes in the CRS 
incidence and rubella seronegativity in WCBA and all 
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Figure 1. Rubella seronegativity in total and each mothers’ age group in Nha Trang, Vietnam, 2009–2010 and 2017–2018. P-values: Rubella seronegativity in the total 
cohort and each mother’s age group were compared with those in a previous study,3 using the chi-squared test
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generations in Vietnam to assess the risk and potential 
source of rubella infection/transmission. The study site, 
Nha Trang, was not necessarily representative of Vietnam 
as a whole. Considering the 2011 rubella outbreak through-
out Vietnam and the high coverage of MR vaccination 
campaign in both Nha Trang and all of Vietnam, however, 
the situation might be similar in other areas in Vietnam.

In conclusion, no babies with CRS were detected in this 
study; however, a substantial proportion of WCBA who were 
not covered by the MR vaccination campaign are at risk of 
rubella infection during pregnancy, potentially contributing to 
the CRS burden in Vietnam, three years after introducing the 
vaccine. This susceptible proportion will drop over time if 
a high vaccination rate among children is maintained. 
Moreover, a universal or risk population approach to adults 
should be considered until the routine vaccination programme 
immunizes most of the population.
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