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Abstract: In China, children aged <8 months, who were expected to be protected by maternal
antibodies before receiving the first dose of measles vaccine, were the age group with the greatest
risk of infection in recent years. In this study, we evaluated whether infants yet to be age-eligible for
measles vaccine had a sufficient seropositive level of maternal measles antibodies in 2009 and 2013.
Blood samples were collected from infants aged <8 months through population-based serological
surveys conducted in Zhejiang, China. Serum levels of immunoglobulin G measles antibodies
were quantified using enzyme-linked immunosorbent assay. In 2013, the mean geometric mean
titres (GMTs) of infants aged 4 to 8 months were below the seropositivity threshold (<200 mIU/mL),
decreasing from 118.6 mIU/mL (95% confidence interval [CI] 83.0, 169.3 mIU/mL) at 4 months to
28.6 mIU/mL (95% CI 15.6, 52.3 mIU/mL) at 7 months. Antibody levels were significantly lower
in 2013 than in 2009 starting from 5 months of age. In conclusion, infants aged 4 to 8 months are
susceptible to measles due to low levels of maternal measles antibodies. It is thus suggested to
provide infants with a supplementary dose on top of the routine schedule, and/or launch catch-up
vaccination campaigns among young women.
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1. Introduction

Measles is a highly contagious viral disease that can cause, encephalitis, diarrhea, severe pneumonia
or even death. Even though a safe and cost-effective measles vaccine (MV) is available, measles is still
associated with high morbidity and mortality, especially among children. According to World Health
Organization (WHO) estimates, MV has prevented approximately 21 million deaths from 2000 to 2017.
In 2017, approximately 110,000 people died from measles, the majority of whom were children aged
<5 years [1].

In China, approximately 3 to 4 million cases of measles were reported per year before the
introduction of MV in 1965 [2]. In 1978, following the WHO’s guidelines on Expanded Program
on Immunization, MV was added to the routine immunization schedule and one dose of MV was
provided free-of-charge to infants aged 8 months. Since 1986, a free second-dose of MV was offered to
7-year-old children, and in 2005, the timing of the second dose has been adjusted to 18 to 24 months
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after birth. With the intensified efforts to increase the two-dose vaccine coverage to around 95% in 2010,
there was a major decrease in the incidence of measles from 200–1500 cases per 100,000 population per
year before 1965, to approximately 6.8 per 100,000 population per year in 2000–2009. In 2009 and 2010,
two national supplementary immunization activities (SIAs) were launched to provide MV to high-risk
groups regardless their immunization history [3]. The incidence of measles further decreased to 2.8
and 0.8 per 100,000 population in 2010 and 2011 respectively.

Despite all the efforts to achieve universal MV coverage, China failed to achieve its goal of
eliminating measles by 2012, most likely due to the change in epidemiology of measles infection [3–6].
One of the changes was that children aged <8 months, who were expected to be protected by maternal
antibodies before receiving the first dose of MV (MV1), became the age group with the greatest risk
of infection in recent years. The age-specific incidence of measles among young infants was higher
compared to the other age groups [7,8]. Some local serological studies conducted among young infants
found that early waning of maternal antibodies against measles might be the primary cause [9–12].
Similar phenomenon was observed in low-incidence and even measles-eliminated settings [13,14].

In China, where measles is endemic, the epidemiology of measles infection is changing over
time and is creating obstacles to achieving the goal of measles elimination. In addition, only a few
studies have monitored secular trends of maternal antibody levels among Chinese infants. In this
study, we evaluated whether infants yet to be age-eligible for MV1 administration have sufficiently
high maternal antibody levels to protect them against measles, and compared measles antibody levels
among infants surveyed in 2009 and 2013.

2. Materials and Methods

2.1. Setting

The study was conducted in Zhejiang Province in eastern China. Zhejiang has a population of
approximately 54.8 million and a population density of approximately 537 per km2. It is a relatively
affluent province with a per capita gross domestic product of approximately 9200 US dollars in 2012.
It also has a well-established healthcare system.

In 1959, there were 770,000 cases of measles and >15,000 measles-related deaths reported in
Zhejiang Province. In 1965, MV was introduced and was given to children aged <7 years. As a result,
by 1977 the annual number of measles cases and deaths dropped to 100,000 and <300, respectively.
In 2005, two-dose MV was introduced and was given to children at 8 months and 18 to 24 months of
age. The reported annual incidence of measles decreased to a new minimum of 3.21 per 100,000 in 2006.
There was a substantial increase in measles incidence in 2008. A province-wide SIA was carried-out
in 2009, during which approximately 1.6 million middle-school, high-school and university students
were vaccinated against measles. In 2010, the Zhejiang government adopted the recommendation
from the 2006–2012 National Action Plan for Measles Elimination and conducted a province-wide
SIA, targeting 2.5 million children between 8 months and 4 years of age. The reported MV coverage
increased to about 97% in the target age group.

2.2. Data Collection

Samples were collected in 2009 and 2013 through population-based cross-sectional serological
surveys and children were randomly selected from different cities. As this investigation was a part of
the routine sero-epidemiology surveillance in Zhejiang province, ethics approval and informed consent
were exempted by Zhejiang Provincial Center for Disease Control and Prevention (CDC). Children’s
vaccination and infection histories were checked to confirm that they had neither been vaccinated
against measles nor infected with measles. A minimum of 70 samples from infants aged <8 months were
collected in each study year to ensure the precision of estimated overall seropositivity was within 10%,
assuming that 80% of infants had a geometric mean titre (GMT) of measles antibodies >200 mIU/mL
(the threshold for seropositivity) [8]. All data were kept confidential without patient identifiers.
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The samples were sent to the WHO accredited National Measles Laboratory owned by Zhejiang
Provincial Center for Disease Control and Prevention, where they were centrifuged and stored at
−20◦C until testing. Enzyme-linked immunosorbent assay (ELISA) (SERION ELISA classic measles
IgG, Institut Virion/Serion GmbH, Wurzburg, Germany) was used to quantify serum levels of
immunoglobulin G (IgG) antibodies against measles. The resulting optical density values were
converted into titre units (mIU/mL) based on a calibration curve generated from standard serum. GMT of
measles IgG antibody >200 mIU/mL, which is considered as a seropositive level by convention, is defined
as seropositive in this study. Serum samples were prepared according to the manufacturer’s instructions.

2.3. Data Analysis

In order to assess whether infants maintained seropositive levels of measles antibodies up to the
age of 8 months, a linear regression line was used to show the trend in the scatterplot of log-transformed
GMT against age in days for each of the two years. The 95% confidence intervals (CI) of the regression
line were calculated to assess whether the age-specific GMTs were significantly below the seropositivity
threshold. To compare the 2009 and 2013 measles GMTs at different ages, picked-points analysis was
used to assess the significance of the difference in mean GMT at 1, 3, 5, and 7 months of age [15,16].
p-values < 0.05 were considered to be statistically significant. All data analysis was done using SAS
software, Version 9.4 (SAS Institute, Cary, NC, USA).

3. Results

A total of 77 and 78 samples were collected from infants aged <8 months in 2009 and 2013,
respectively. The mean overall GMTs of measles antibodies were 981.5 mIU/mL (95% CI 673.7,
1289.0 mIU/mL) in 2009 and 454.7 mIU/mL (95% CI 274.0, 635.4 mIU/mL) in 2013. The overall
seropositivity was 62.5% (95% CI 51.9%, 73.1%) in 2009 and 39.7% (95% CI 28.9%, 50.6%) in 2013.

Figures 1 and 2 show the waning of measles antibody levels since birth until 210 days of life in
2009 and 2013, respectively. In 2009, the mean GMT decreased from 559.4 mIU/mL (95% CI 318.9,
981.4 mIU/mL) at one month of age, to 327.2 mIU/mL (95% CI 218.6, 489.9 mIU/mL) at 3 months of age,
and further to 112.0 mIU/mL (95% CI 50.8, 246.6 mIU/mL) at 7 months of age (Figure 1). The proportion
of infants who were seropositive decreased from 80.0% (95% CI 69.4%, 100%) at one month of age to
64.9% (95% CI 54.3%, 75.6%) at 7 months of age (Table 1).
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Figure 1. Scatterplot of natural log-transformed geometric mean titre (GMT) of measles antibodies
against age in days from birth with fitted regression line for 2009. The blue band indicates the 95%
confidence interval of the regression line. Half imputation was used for the values below lower
quantification limit (50 mIU/mL). Seropositivity cut-off: ln (200 mIU/mL) = 5.30.
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Table 1. Estimated proportion (95% confidence interval) of seropositive infants by age in months for
2009 and 2013.

Month 1 2009 2013

1 80.0% (69.4% to 100%) 80.0% (55.2% to 100%)
3 83.8% (71.9% to 95.7%) 69.6% (50.8% to 88.4%)
5 73.2% (61.6% to 84.8%) 56.5% (42.2% to 70.9%)
7 64.9% (54.3% to 75.6%) 39.7% (28.9% to 50.6%)

1 The 1st, 3rd, 5th, and 7th months were assumed to be at day 30, 90, 150, and 210.

In 2013, the mean GMTs remained >200 mIU/mL before 3 months of age. However, from the
4th months onwards, the 95% CIs of the mean GMTs extended below the seropositivity threshold.
The mean GMT decreased from 118.6 mIU/mL (95% CI 83.0, 169.3 mIU/mL) at 4 months of age to
28.6 mIU/mL (95% CI 15.6, 52.3 mIU/mL) at 7 months of age (Figure 2). The proportion of infants who
were seropositive decreased from 80.0% (95% CI 55.2%, 100%) at one month of age, to 56.5% (95% CI
242.2%, 70.9%) at 5 months of age, and further to 39.7% (95% CI 28.9%, 50.6%) at 7 months of age
(Table 1).

The waning of measles antibodies was more rapid and obvious in 2013 than in 2009. The mean
change of GMT did not differ at one month of age, but a significantly lower GMT was observed in
infants from the 2013 survey than in those from the 2009 survey when they hit 5 and 7 months of age
(p = 0.03 and p = 0.007, respectively) (Table 2).

Table 2. Mean difference (95% confidence interval) of geometric mean titre by age in months for 2009
to 2013.

Month 1 Mean Difference in GMT (mIU/mL) (95% CI) p-Value

1 −70.1 (−348.3 to 583.5) 0.718
3 −136.8 (−218.7 to 8.8) 0.061
5 −117.1 (−151.5 to −51.8) 0.003
7 −82.8 (−100.5 to −35.6) 0.007

1 The 1st, 3rd, 5th, and 7th months were assumed to be at day 30, 90, 150, and 210.

4. Discussion

Measles has yet to be eliminated in China and one of the major contributors might be the high
measles incidence rate in children <8 months of age who are ineligible for MV1. In this study,
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we evaluated the sufficiency of measles antibodies in infants aged <8 months and compared the
antibody levels between 2009 and 2013. We found that among infants aged 5 to 7 months, there was a
significant decrease in measles antibody titres from 2009 to 2013; many children in this age range were
seronegative, and therefore, at risk of measles infection before receiving MV1. These findings suggest
that current control measures in China might be inadequate for elimination of measles. We thus
recommend the officials to revise the vaccination schedule and provide an additional dose of MV to
infants aged <8 months with low levels of maternal antibodies so as to close the immunity gap.

In Zhejiang province, infants aged <8 months had the highest measles incidence rates during
2013–2016, accounting for 20% to 35% of the total annual number of measles cases. In other provinces
in China, such as Guangdong and Hubei, seronegative children were the main contributors to disease
transmission during measles outbreaks [7,8]. Given the early waning of maternal measles antibodies,
timely vaccination is critical for children to build up immunity against measles. Unfortunately, in
China and elsewhere, a large proportion of children are not vaccinated against measles on time [17–19].
A study conducted in Tianjin Province found that 90% of infants did not receive MV1 on time [20].
Another survey conducted in eastern China found that >50% of children had delayed or missed their
MV1 primarily due to difficulties in accessing healthcare services [21]. Other factors such as mother’s
attitudes and knowledge, including vaccine hesitancy, were also associated with the timeliness of
measles vaccination uptake. The impact of delayed MV1 administration can be substantial, and thus,
it is particularly important to improve the delivery of vaccination services in rural areas where access
to healthcare is limited.

Several studies have mentioned the relationship between exposure to hospitals and measles
incidence among infants in China. Ma et al. (2016) conducted a retrospective active case search and
found a proportion of cases aged 0–7 months were infected in the hospitals in Kulun County of Inner
Mongolia Autonomous Region [22]. A large case-control multisite study in China showed that the
hospital visit was the most significant risk factor for measles infection in infants [23]. Another study
from Gao et al. (2013) also found hospital exposure to be a significant factor contributing to measles
infection among children aged less than one year [24]. Supported by our results and the nosocomial
infections reported [23,25], we believe highly susceptible infants are one of the major causes leading
to persistent endemic measles virus transmission in China. Infection control measures in hospitals
shall be enhanced in order to reduce the risk of measles exposure to children, particularly among
seronegative infants aged 5 to 7 months. For instance, infants and children with fevers and rashes
shall be isolated promptly, preferably in negative-pressure rooms. Hospital staffs shall be given health
education on infection control in order to improve their awareness of the risk of measles transmission
among children and staffs.

Studies in other provinces in China have also shown that majority of infants were susceptible to
measles infection in the months before they receive MV1. A serological study conducted in Guangzhou
City within the Guangdong Province found that infants as young as 3 months of age were sometimes
seronegative if their mothers had a low level of measles antibodies [9]. Even women who have
acquired natural immunity or have been vaccinated might not be able to pass on sufficient maternal
antibodies to protect their infants until 8 months of age. A study conducted in Tianjin Province from
2011 to 2015 showed that almost all infants lacked a seropositive titre during the period preceding MV1
administration, regardless of their mothers’ antibody titres [10]. In Jiangxi Province, <50% of children
aged one year were seropositive [11], whereas in Qinghai Province, only 53% of infants aged 8 months
were seropositive [12]. Nevertheless, these studies found that infants born to mothers with higher
levels of measles antibodies tend to have seropositive levels of maternal antibodies for a longer period
of time [9,10,12]. It is thus advisable to launch a catch-up measles vaccination campaign to provide
women with an extra dose of vaccine as soon as they reach child-bearing age.

Even though two large-scale SIAs were carried out in China during 2009 and 2010, infants
below the age of 8 months are still vulnerable to measles. Similar situation can be observed in low
incidence countries in Europe where infants were prone to measles infection before receiving MV1 [13].
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A study done in Belgium found that >50% of infants lost their measles antibodies within 4 months
after birth [26]. Meanwhile, a review found that in sustained elimination settings, infants might be
seronegative at birth if endemic transmission of measles virus has been interrupted for more than
12 months [14]. Since an increasing number of individuals are now acquiring their measles antibodies
through vaccination instead of natural infection, the early waning of maternal measles antibodies in
infants has become a new challenge for global measles eradication regardless of the setting.

Even though this study and several other studies have shown that maternal immunity to measles
tends to wane as early as several months before MV1 uptake, whether or not to lower the age eligibility
for the first dose of measles vaccine remains controversial. Some studies have shown that infants
vaccinated at 6 to 9 months of age had lower seroconversion rates compared to those vaccinated at 12
to 15 months of age, not only because of maternal antibodies interference, but also because of their
immature immune system [27]. Brinkman et al. [28] found that measles antibody levels in children
who were given MV1 before 9 months of age were insufficient to provide long-term protection against
measles beyond 4 years of age. Nevertheless, even though there is a risk of such “vaccine failures”,
other studies have provided evidence that early vaccination against measles when the infants reach
4 to 8 months of age might provide survival benefit in rural settings [29–31]. In view of the lack of
evidence for sustained immunogenicity if MV1 is given before 8 months of age, WHO has recently
recommended that MV administration before 9 months of age should be considered as a supplementary
dose on top of the two-dose routine MV schedule with the intention to cover the immunity gap arose
from early waning of maternal measles antibodies [32]. This strategy might be useful in some settings
where infants are at high risk of measles infection before MV1 uptake. Further experimental studies
are needed to evaluate the efficacy of a supplementary dose of measles vaccine in infancy.

We compared the measles antibody levels in infants between the two surveys conducted 4 years
apart. Results obtained suggest the idea of secular trends in maternal antibodies. However, a major
limitation in our study is that we were unable to obtain information on maternal vaccination status nor
history of maternal measles infection due to incomplete health records in the past in China, which
makes it difficult to identify the reasons behind the waning effect of maternal protection against measles
during the 4-year interval. However, given most of the mothers of the infants in our study were born
between 1975 and 1995, this observation might be attributable to the increased MV coverage [33].
As vaccine coverage increases, mothers are less likely to be naturally infected with measles, and thus,
have less antibodies available in the body for their child. Another major limitation is that we only
evaluated the reduction in measles antibodies between the two serosurveys conducted in 2009 and
2013. Given that there were only two time points in our study, it is not possible to conclude that there is
a secular trend of declining maternal antibodies in infants. Thus, we strongly recommend age-specific
national serosurveillance for measles antibodies in China in order to monitor the population for
susceptibility to measles.

5. Conclusions

In this study, a significantly reduced maternal protection was observed in infants aged 5 to 7
months during 2009 and 2013, majority of whom experienced waning of maternal antibody levels
before they became eligible for MV1. We thus believe this immunity gap to be one of the reasons
behind the failure of measles elimination programs in China. Adopting the WHO recommendation
of providing infants with a supplementary dose of MV might be necessary in order to bridge the
immunity gap and prevent resurgence of measles. Measures to reduce nosocomial infections (e.g.,
by providing isolation facilities) and timeliness of MV1 uptake (e.g., by improving access to vaccination
in healthcare facilities) are important to reduce potential risk of local outbreak. If necessary, catch-up
campaigns (i.e., providing woman with an extra dose of MV as they reach child-bearing age) shall also
be considered in order to boost maternal antibodies, and thus, lengthen the duration of presence of
maternal antibodies in their child.



Int. J. Environ. Res. Public Health 2019, 16, 4680 7 of 8

Author Contributions: H.H. and Y.R. collected the data. K.C.C. manipulated the data. K.C.C., Y.L., and T.Z.
analyzed and interpreted the data. K.C.C. and K.J. wrote the manuscript. K.N.M. and M.H.W. revised the
manuscript. All authors read and approved the final manuscript.

Funding: This research was funded by National Natural Science Foundation of China [grant numbers: 31871340
and 71974165].

Acknowledgments: We thank Zhejiang Provincial Center for Disease Control and Prevention for providing the
serological data for analysis.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. World Health Organization. Measles. Key Facts. 2019. Available online: https://www.who.int/news-room/

fact-sheets/detail/measles (accessed on 10 September 2019).
2. WHO Representative Office China. Measles Face Sheet. Available online: http://www.wpro.who.int/china/

mediacentre/factsheets/measles/en/ (accessed on 10 September 2019).
3. Ma, C.; Hao, L.; Zhang, Y.; Su, Q.; Rodewald, L.; An, Z.; Yu, W.; Ma, J.; Wen, N.; Wang, H.; et al. Monitoring

progress towards the elimination of measles in China: An analysis of measles surveillance data. Bull. World
Health Organ. 2014, 92, 340–347. [CrossRef] [PubMed]

4. Ma, C.; Hao, L.X.; Su, Q.R.; Wen, N.; Fan, C.X.; Yang, H.; Li, L.; Wang, H.Q. Measles epidemiology in China,
2014. Dis. Surveill. 2015, 30, 818–823.

5. Li, J.; Lu, L.; Pang, X.; Sun, M.; Ma, R.; Liu, D.; Wu, J. A 60-year review on the changing epidemiology of
measles in capital Beijing, China, 1951–2011. BMC Public Health 2013, 13, 986. [CrossRef] [PubMed]

6. Yang, W.; Li, J.; Shaman, J. Characteristics of measles epidemics in China (1951–2004) and implications for
elimination: A case study of three key locations. PLoS Comput. Biol. 2019, 15, e1006806. [CrossRef] [PubMed]

7. Chong, K.C.; Hu, P.; Lau, S.Y.F.; Jia, K.M.; Liang, W.; Wang, M.H.; Zee, B.C.Y.; Sun, R.; Zheng, H. Monitoring
the age-specificity of measles transmissions during 2009-2016 in Southern China. PLoS ONE 2018, 13,
e0205339. [CrossRef] [PubMed]

8. Chong, K.C.; Zhang, C.; Zee, B.C.Y.; Luo, T.; Wang, L.; Tam, G.C.H.; Jia, K.M.; Sun, R.; Wang, M.H.; Guan, X.
Interpreting the transmissibility of measles in two different post periods of supplementary immunization
activities in Hubei, China. Vaccine 2017, 35, 1024–1029. [CrossRef] [PubMed]

9. Lu, L.; Cao, Y.M.; Yang, Q.Y.; He, Q.; Dong, Z.Q.; Di, B.; Fu, C.X.; Wang, M. Dynamic maternal measles
antibody level in infants: A longitudinal study. Zhonghua Liu Xing Bing Xue Za Zhi 2016, 37, 663–667.

10. Boulton, M.L.; Wang, X.; Wagner, A.L.; Zhang, Y.; Carlson, B.F.; Gillespie, B.W.; Ding, Y. Measles Antibodies
in Mother–Infant Dyads in Tianjin, China. J. Infect. Dis. 2017, 216, 1122–1129. [CrossRef]

11. Wang, L.; Liu, X.; Huang, G.; Wang, B.; Zhou, G. Investigation of measles antibody level of healthy population
in Ji’An 2008. J. Jinggangshan Univ. 2010, 31, 86–88.

12. Zhang, X.; Shirayama, Y.; Zhang, Y.; Ba, W.; Ikeda, N.; Mori, R.; Shibuya, K. Duration of maternally derived
antibody against measles: A seroepidemiological study of infants aged under 8 months in Qinghai, China.
Vaccine 2012, 30, 752–757. [CrossRef]

13. Leuridan, E.; Sabbe, M.; Van Damme, P. Measles outbreak in Europe: Susceptibility of infants too young to
be immunized. Vaccine 2012, 30, 5905–5913. [CrossRef] [PubMed]

14. Guerra, F.M.; Crowcroft, N.S.; Friedman, L.; Deeks, S.L.; Halperin, S.A.; Severini, A.; Hatchette, T.F.; Bolotin, S.
Waning of measles maternal antibody in infants in measles elimination settings—A systematic literature
review. Vaccine 2018, 36, 1248–1255. [CrossRef] [PubMed]

15. Huitema, B. The Analysis of Covariance and Alternatives: Statistical Methods for Experiments, Quasi-Experiments,
and Single-Case Studies; John Wiley & Sons: Hoboken, NJ, USA, 2011.

16. Rogosa, D. Comparing nonparallel regression lines. Psychol. Bull. 1980, 88, 307–321. [CrossRef]
17. Luman, E.T.; Barker, L.E.; Shaw, K.M.; McCaule, M.M.; Buehler, J.W.; Pickering, L.K. Timeliness of childhood

vaccinations in the United States: Days undervaccinated and number of vaccines delayed. JAMA 2005, 293,
1204–1211. [CrossRef] [PubMed]

18. Luman, E.T.; Barker, L.E.; McCauley, M.M.; Drews-Botsch, C. Timeliness of childhood immunizations:
A state-specific analysis. Am. J. Public Health 2005, 95, 1367–1374. [CrossRef] [PubMed]

https://www.who.int/news-room/fact-sheets/detail/measles
https://www.who.int/news-room/fact-sheets/detail/measles
http://www.wpro.who.int/china/mediacentre/factsheets/measles/en/
http://www.wpro.who.int/china/mediacentre/factsheets/measles/en/
http://dx.doi.org/10.2471/BLT.13.130195
http://www.ncbi.nlm.nih.gov/pubmed/24839323
http://dx.doi.org/10.1186/1471-2458-13-986
http://www.ncbi.nlm.nih.gov/pubmed/24143899
http://dx.doi.org/10.1371/journal.pcbi.1006806
http://www.ncbi.nlm.nih.gov/pubmed/30716080
http://dx.doi.org/10.1371/journal.pone.0205339
http://www.ncbi.nlm.nih.gov/pubmed/30296273
http://dx.doi.org/10.1016/j.vaccine.2017.01.010
http://www.ncbi.nlm.nih.gov/pubmed/28111146
http://dx.doi.org/10.1093/infdis/jix453
http://dx.doi.org/10.1016/j.vaccine.2011.11.078
http://dx.doi.org/10.1016/j.vaccine.2012.07.035
http://www.ncbi.nlm.nih.gov/pubmed/22841972
http://dx.doi.org/10.1016/j.vaccine.2018.01.002
http://www.ncbi.nlm.nih.gov/pubmed/29398276
http://dx.doi.org/10.1037/0033-2909.88.2.307
http://dx.doi.org/10.1001/jama.293.10.1204
http://www.ncbi.nlm.nih.gov/pubmed/15755943
http://dx.doi.org/10.2105/AJPH.2004.046284
http://www.ncbi.nlm.nih.gov/pubmed/16043668


Int. J. Environ. Res. Public Health 2019, 16, 4680 8 of 8

19. Siedler, A.; Hermann, M.; Schmitt, H.J.; von Kries, R. Consequences of delayed measles vaccination in
Germany. Pediatr. Infect. Dis. J. 2002, 21, 826–830. [CrossRef] [PubMed]

20. Wagner, A.L.; Zhang, Y.; Montgomery, J.P.; Ding, Y.; Carlson, B.F.; Boulton, M.L. Timely measles vaccination
in Tianjin, China: A cross-sectional study of immunization records and mothers. BMC Public Health 2014, 14,
888. [CrossRef]

21. Hu, Y.; Li, Q.; Luo, S.; Lou, L.; Qi, X.; Xie, S. Timeliness vaccination of measles containing vaccine and barriers
to vaccination among migrant children in East China. PLoS ONE 2013, 8, e73264. [CrossRef]

22. Ma, C.; Yan, S.; Su, Q.; Hao, L.; Tang, S.; An, Z.; He, Y.; Fan, G.; Rodewald, L.; Wang, H. Measles transmission
among adults with spread to children during an outbreak: Implications for measles elimination in China,
2014. Vaccine 2016, 34, 6539–6544. [CrossRef]

23. Ma, C.; Gregory, C.J.; Hao, L.; Wannemuehler, K.A.; Su, Q.; An, Z.; Quick, L.; Rodewald, L.; Ma, F.; Yan, R.;
et al. Risk factors for measles infection in 0–7 month old children in China after the 2010 nationwide measles
campaign: A multi-site case–control study, 2012–2013. Vaccine 2016, 34, 6553–6560. [CrossRef]

24. Gao, J.; Chen, E.; Wang, Z.; Shen, J.; He, H.; Ma, H.; Zeng, G.; Zhu, B.P. Epidemic of measles following the
nationwide mass immunization campaign. BMC Infect. Dis. 2013, 13, 139. [CrossRef] [PubMed]

25. Ge, Y.L.; Zhai, X.W.; Zhu, Y.F.; Wang, X.S.; Xia, A.M.; Li, Y.F.; Zeng, M. Measles outbreak in pediatric
hematology and oncology patients in Shanghai, 2015. Chin. Med. J. 2017, 130, 1320. [CrossRef] [PubMed]

26. 1euridan, E.; Hens, N.; Hutse, V.; Ieven, M.; Aerts, M.; Van Damme, P. Early waning of maternal measles
antibodies in era of measles elimination: Longitudinal study. BMJ 2010, 340, c1626. [CrossRef] [PubMed]

27. Gans, H.A.; Arvin, A.M.; Galinus, J.; Logan, L.; DeHovitz, R.; Maldonado, Y. Deficiency of the humoral
immune response to measles vaccine in infants immunized at age 6 months. JAMA 1998, 280, 527–532.
[CrossRef] [PubMed]

28. Brinkman, I.D.; De Wit, J.; Smits, G.P.; Ten Hulscher, H.I.; Jongerius, M.C.; Abreu, T.C.; Van Der Klis, F.R.;
Hahné, S.J.; Koopmans, M.P.; Rots, N.Y.; et al. Early Measles Vaccination During an Outbreak in the
Netherlands: Short-Term and Long-Term Decreases in Antibody Responses Among Children Vaccinated
Before 12 Months of Age. J. Infect. Dis. 2019, 220, 594. [CrossRef]

29. Aaby, P.; Andersen, M.; Sodemann, M.; Jakobsen, M.; Gomes, J.; Fernandes, M. Reduced childhood mortality
after standard measles vaccination at 4-8 months compared with 9-11 months of age. BMJ 1993, 307,
1308–1311. [CrossRef]

30. Aaby, P.; Martins, C.L.; Garly, M.L.; Balé, C.; Andersen, A.; Rodrigues, A.; Ravn, H.; Lisse, I.M.; Benn, C.S.;
Whittle, H.C. Non-specific effects of standard measles vaccine at 4.5 and 9 months of age on childhood
mortality: Randomised controlled trial. BMJ 2010, 341, c6495. [CrossRef]

31. Byberg, S.; Thysen, S.M.; Rodrigues, A.; Martins, C.; Cabral, C.; Careme, M.; Aaby, P.; Benn, C.S.; Fisker, A.B.
A general measles vaccination campaign in urban Guinea-Bissau: Comparing child mortality among
participants and non-participants. Vaccine 2017, 35, 33–39. [CrossRef]

32. World Health Organization. Position Paper on Measles. Vaccine Position Papers. 2017. Available online:
https://www.who.int/immunization/documents/positionpapers/en/ (accessed on 10 September 2019).

33. World Health Organization. WHO Vaccine-Preventable Diseases: Monitoring System. 2015 Global Summary.
2015. Available online: http://apps.who.int/immunization_monitoring/globalsummary (accessed on
10 September 2019).

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1097/00006454-200209000-00008
http://www.ncbi.nlm.nih.gov/pubmed/12352803
http://dx.doi.org/10.1186/1471-2458-14-888
http://dx.doi.org/10.1371/journal.pone.0073264
http://dx.doi.org/10.1016/j.vaccine.2016.02.051
http://dx.doi.org/10.1016/j.vaccine.2016.02.002
http://dx.doi.org/10.1186/1471-2334-13-139
http://www.ncbi.nlm.nih.gov/pubmed/23506461
http://dx.doi.org/10.4103/0366-6999.206358
http://www.ncbi.nlm.nih.gov/pubmed/28524832
http://dx.doi.org/10.1136/bmj.c1626
http://www.ncbi.nlm.nih.gov/pubmed/20483946
http://dx.doi.org/10.1001/jama.280.6.527
http://www.ncbi.nlm.nih.gov/pubmed/9707142
http://dx.doi.org/10.1093/infdis/jiz159
http://dx.doi.org/10.1136/bmj.307.6915.1308
http://dx.doi.org/10.1136/bmj.c6495
http://dx.doi.org/10.1016/j.vaccine.2016.11.049
https://www.who.int/immunization/documents/positionpapers/en/
http://apps.who.int/immunization_monitoring/globalsummary
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Setting 
	Data Collection 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

