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Abstract

Background—The World Health Organization (WHO) targeted China for measles elimination
by 2012. While China made significant progress, transmission continues, warranting examination
of China's measles vaccination program. The WHO recommends that children receive at least two
doses of a measles containing vaccine (MCV) to ensure protection. In Tianjin, China, MCV is
given in three doses; 8 months (MV), 18-24 months (MMR-1), and 5 years (MMR-2). MMR-2 is
important because of the young age for MV administration. This study describes MCV coverage,
assesses administration timeliness, and evaluates completion of the MCV series for children living
in Tianjin, China.

Methods—In July 2012, immunization records were selected from Tianjin's Immunization
Information Management System. Records were abstracted for children born from 2004 to 2011,
who were age 8 months or older. Descriptive statistics characterized the study population and
assessed timeliness and coverage for each MCV dose.

Results—We examined records of 205,982 children living in Tianjin, China. Among children
who were age-appropriate for each vaccine, 98.6% received MV, 97.6% received MMR-1, and
76.9% received MMR-2. Of the children who were old enough to receive MMR-2, 78.8%
received the complete series, and 71.6% of children were fully immunized for measles by age 6.

Conclusions—Tianjin has high rates of MV and MMR-1 coverage, with lower levels for
MMR-2. Most children who completed the series did so on-time. Maintaining high coverage and
timely administration of MV and MMR-1 and increasing coverage of MMR-2 are necessary for
China to attain the goal of national measles elimination.
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INTRODUCTION

Measles is one of the leading causes of mortality among children worldwide, resulting in
approximately 158,000 deaths annually. (1) Significant progress toward disease elimination
and eradication has been made globally; between 2000 and 2011, the number of new
measles cases worldwide decreased from 853,500 to 355,000 and related deaths decreased
from 542,000 to 158,000. (2) The World Health Organization (WHO) estimated that 20
million children did not receive the first dose of a measles-containing vaccine (MCV) in
2011. (2) Moreover, several large measles outbreaks have been reported in Africa, Asia, and
Europe in the last few years, (2) indicating a need for enhanced vaccination vigilance, even
in low incidence areas. While measles eradication is believed to be achievable, sustained
immunization delivery programs and adequate surveillance will be needed. (3)

Effectively interrupting measles transmission requires high levels of herd immunity with at
least 95% of the population non-susceptible to disease. (1, 4, 5) Infants are generally
protected against measles for the first several months of life by passively acquired maternal
antibodies. (6, 7) Immunity from maternal antibodies wanes at 6 to 9 months of age, when
infants then require a vaccine for protection. (8, 9) Approximately 85% of 8 to 9 month old
infants seroconvert after receiving an initial measles vaccine; any dose given before this age
is unlikely to produce optimal immunity because of interference from maternal antibodies.
(6, 8, 10) Almost all children develop protective immunity after receiving a second dose of
the measles vaccine (either single antigen or in combination with other antigens such as
mumps and rubella), and as such the WHO recommends all children receive at least two
doses of vaccine to ensure adequate individual immunity and prevention of transmission in
the population. (1, 6)

In most low-incident, western nations the first dose of an MCV is not administered until 12
months of age. It is felt that interference with the measles immune response from circulating
maternal antibodies is significant enough to outweigh any potential benefit of administering
the vaccine to infants in the first year of life. (19) However, China gives the first dose early
based on the significant burden of disease in infants in an attempt to confer protection at a
younger age at the likely cost of generating a weaker immunogenic response. As recently as
2008, Tianjin had more than 500 cases per 100,000 persons age <1 year. (Unpublished data,
Tianjin Centers for Disease Control and Prevention, February 8, 2013). As a result,
administration of the initial measles dose prior to 12 months with its attenuated
immunogenicity makes receipt of the third dose (MMR-2) both important and necessary to
insure a fully protected child. There is ample data characterizing coverage with the first
dose, which is often the focus of supplemental immunization activities (SIAs) and the
assessment of which receives the most attention from the WHO. However, little is known
about coverage with the second and third MCV doses, despite their key role in measles
control and elimination efforts. This study examines coverage of three MCV doses (MV,
MMR-1, and MMR-2), and assesses predictors for completion of the three-dose MCV
schedule among children in Tianjin, China.
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METHODS

The WHO slated measles for elimination from China by 2012, and the average measles
incidence there declined steadily from 2000 to 2012 (5, 8, 11-13) although the degree of that
decrease has varied by region and by municipality. (14) Measles incidence in the
municipality of Tianjin has mirrored trends countrywide, and their use of an immunization
information system makes them an ideal region for examining progress in measles vaccine
coverage. Tianjin is located 120 km south east of Beijing and has a population of
approximately 12 million people. It is the third largest urban population in China; its port
serves as the center of trade and economics for Northern China. In Tianjin between 2005
and 2007, more than 700 cases of measles were reported each year. The number of cases
peaked at 1550 cases in 2010 and subsequently was as low as 20 cases in 2012, before
rapidly increasing to 260 lab-confirmed cases in 2013. (Unpublished data, Tianjin Centers
for Disease Control and Prevention, February 8, 2013) China employs the WHO's Expanded
Programme on Immunization (EPI) as a basis for its national childhood immunization
programs. Through China's EPI, the government provides vaccinations for 12 childhood
diseases, including measles, free of charge. (14) The measles vaccine, in use in China since
1965, was added to the EPI in 1978. The measles immunization schedule varies regionally
in China with most of the 31 provinces using either a two or three dose schedule. (10, 11,
15, 16) In Tianjin, measles vaccine (MV) is recommended for children at 8 months of age,
followed by measles-mumps-rubella vaccine at 18-24 months (MMR-1) and again at 5 years
(MMR-2). Current estimates of national coverage for a single dose of MCV in China range
from 92-99%. (12, 17, 18)

This study utilized information from the Tianjin Centers for Disease Control and
Prevention's (TJCDC) Immunization Information Management System (IMS), an electronic,
patient-level immunization registry. The IMS contains individual-level records that include
patient identifying information, basic demographic information, and details for all vaccines
received. Since the registry is based at the TICDC, all immunizations received in Tianjin are
included for each patient, regardless of the clinical venue where vaccine administration took
place. Immunization clinic staff enters immunization information into the registry each time
a child receives a vaccine. At birth, children are added to the registry list at each health care
facility. TICDC estimates that all children in Tianjin are included in the IMS after age 1
month, even if they do not receive any vaccines. A child's record is updated as each
immunization is received. Prior to IMS implementation in late 2010, immunization records
were paper-based; these records were used to populate the system, which now contains
records dating back to children born in 2004.

In July 2012, we extracted immunization data records of children who were seen in a
random sample of clinics located in five of Tianjin's 15 districts, representing urban,
suburban, coastal and rural districts. Forty percent of the children of Tianjin, age birth to 9
years, live within these five districts. The sampling frame included all immunization clinics
in these districts, from which a random sample of 69 was selected; 8 clinics from Binhai
(coastal), 28 clinics from Wuging (rural), 9 clinics from Xiging (suburban), 12 clinics from
Hedong (urban), and 12 clinics from Nankai (urban). For each selected clinic, all patients
with immunization records were selected. If a participant received any vaccine at a selected
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clinic, all of their immunization records were included, regardless of whether the clinic
administering each vaccine was selected for the study. Study subjects included children born
between January 1, 2004 and November 21, 2011; those born after this date were excluded
since they were younger than 8 months and not eligible for the measles vaccine at the time
of data extraction. The following patient-level data were examined for this study: sex, date
of birth, clinic number, district of residence, and date of immunization for MV, MMR-1, and
MMR-2.

On-time receipt of vaccine was determined based on Tianjin's recommended childhood
immunization schedule and the child's date of birth. Children were considered “eligible” for
MV if they were at least 8 months of age and “on-time” if they were 8 months to 9 months
of age, “eligible” for MMR-1 if they were at least 18 months of age and “on-time” if they
were 18 months to 25 months of age, and “eligible” for MMR-2 if they were 5 years of age
and “on-time” if they were 5-6 years of age. Children who were eligible and received three
doses of an MCV (MV, MMR-1, and MMR-2) at the time of data extraction (July 2012)
were considered to have completed the series. Children who received three doses of MCV
before age 6 were considered to have completed the series on-time.

Descriptive statistics were used to characterize the study population. Overall vaccine
coverage rates among the study population were determined for each of the three MCV.
Coverage rates, on-time receipt of vaccine, series completion, and on-time series completion
were examined by sex, birth year, and area of residence (urban, suburban, coastal, and rural)
using the Wald chi-square test. To gain a more complete picture of how these socio-
demographic variables predicted vaccination status, multivariate logistic regression models
were tested using series completed, series completed on-time and each dose completed on-
time as the outcome variables and sex, residence and birth year as predictor variables, and
interaction terms for each predictor variable combination. The final models included sex,
residence, birth year, and an interaction term for residence by birth year. All analyses were
conducted using SAS v. 9.3

The University of Michigan Institutional Review Board and the TICDC Ethics Committee
reviewed and approved this project.

Measles immunization records were examined for 205,982 children residing in Tianjin,
China. The study population consisted of more males (53.6%) than females (46.4%) (Table
1); differences in the male: female ratio persisted across residency areas. Subjects ranged in
age from 8 months to 8.7 years, with a mean age of 4.1 years (standard deviation (SD) = 2.2
years).

Vaccine Coverage in Study Population

Within the study population, 205,982 children were eligible for MV, 172,930 children were
eligible for MMR-1, and 68,884 children were eligible for MMR-2. Overall, among children
eligible for each vaccine, 98.6% received MV (n = 202,987), 97.6% received MMR-1 (n =
171,015), and 76.9% received MMR-2 (n = 55,124) (Table 2). Relatively few children
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received vaccine before the recommended age; 1,195 (0.6%) children received MV early,
2,333 (1.4%) children received MMR-1 early, and 1,226 (2.2%) children received MMR-2
early. However, children frequently received vaccine after the recommended age; 59,256
children (29.2%), 25,929 children (15.2%), and 5,078 children (9.2%) received the MV,
MMR-1 and MMR-2 late, respectively.

Overall coverage of MV was consistently high by birth year 2004-2010 (range: 99.7% -
99.9%) (Table 2). A similarly high level of coverage was also observed for MMR-1 in each
birth year (range: 96.3% - 99.7%). In contrast, coverage of MMR-2 varied significantly by
birth year, with the lowest coverage reported among those born in 2004 (58.2%) and the
highest coverage reported among those born in 2006 (93.4%), the most recent year in which
the entire cohort was old enough to receive MMR-2. Coverage of each dose varied by study
subjects’ residency area (Table 2). In general, children in the coastal region were less likely
than children in other areas to receive the vaccines, while children in rural areas were the
least likely to receive MMR-2. Late receipt of vaccine was more likely in rural and coastal
areas for all doses of vaccine (Figure 1).

Age at Immunization

Figure 2 illustrates the mean age at receipt of each dose of MCV, by birth year. Children
born in 2004 received MV at a mean age of 15 months and MMR-1 at a mean age of 39.8
months. In contrast, children born in 2010 received MV at a mean age of 8.8 months and
MMR-1 at a mean age of 19.1 months. The mean age at vaccination for MMR-2 decreased
for children born between 2004 and 2007, but remained within the recommended range for
vaccination age (5-6 years). At the time of data collection, children born in 2008 or later
were younger than the recommended age for receipt of MMR-2, however, some of these
children had already received MMR-2. Ninety-one children born in 2008 received MMR-2
at a mean age of 33.5 months (SD = 8.8), 57 children born in 2009 received MMR-2 at a
mean age of 24.7 months (SD = 5.7), and 20 children born in 2010 received MMR-2 at a
mean age of 21.1 months (SD = 2.8 months). SIAs occurred throughout Tianjin in 2008 and
2010 and may account for some of the vaccination prior to the recommended age.

Among those eligible, on-time immunization occurred in 69.2% of MV administrations,
81.5% of MMR-1 administrations, and 69.9% of MMR-2 administrations. For MV, 28.8%
of children received the vaccine late (after 9 months of age), while 0.6% received the
vaccine early (i.e. younger than 8 months old).

Series Completion

Of the 69,888 children who were eligible to receive MMR-2, 78.8% (n = 55,068) received
the complete three dose MCV series. While 71.6% of children received a complete series by
age 6 (i.e. on-time), just 52.5% of the children received each of the three doses on-time
(Table 3). Female children were slightly more likely than male children to receive the
complete series (95% CI, 0.92 — 0.99) and to receive it on time (95% CI, 0.90 — 0.97),
although given the large sample size, marginal statistical significance may not indicate a
meaningful difference. Series completion was highest among suburban children (88.7% of
children in suburban areas received the complete series). In contrast, on-time series
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completion was highest among urban children (82.6% of urban children who received the
complete series received it on time). Rural children were the least likely to complete the
series (66.3%), receive the third dose on-time (59.7%), and receive each of the 3 doses on-
time (35.4%). Children born in 2006 were most likely to receive a complete series (93.3%)
compared to other years. Children born in 2004 were the least likely to receive a complete
series (58.2%) and were the least likely to complete the series on time (47.5%).

Table 4 illustrates the results of three multivariate logistic regression models. The first
model examines predictors for completing the three dose measles vaccine series. Among
children old enough to receive all three MCV doses, sex, residence, birth year and the
interaction between residence and birth year were statistically significant predictors for
completion. Similar results were found in the other two models that examined predictors for
completing the overall series on time and for completing each individual dose of the series
on time.

Among the 55,068 children who received the complete MCV series, the average age at
immunization was 12.4 months (SD = 10.0 months), 24.0 months (SD = 8.7 months), and
5.3 years (SD = 0.5 years) for MV, MMR-1, and MMR-2, respectively. Among children
who received each dose of the complete series on-time (n=28,891), the average age at
immunization was 8.4 months (SD = 0.3 months) for MV, 21.2 months (SD = 1.2 months)
for MMR-1 and 5.2 years (SD = 0.2 years) for MMR-2.

DISCUSSION

China has made great strides in improving measles immunization coverage over the last
decade. However, as a country slated for measles elimination, China needs to improve on-
time series completion in young children if that goal is to be realized. Given the extremely
high 2-dose measles vaccine coverage in children, measles should be well controlled in
childhood populations under age 8 years. The age distribution of recent measles cases in
Tianjin confirms this; children age 1-9 contributed only 7.3% of cases to the total case count
for 2013, while adults age 20-49 accounted for 69.2% of the total case count. However,
continued high levels of vaccine coverage are important in preventing a resurgence of
measles in the near future. Other countries, which have relaxed measles vaccination efforts,
such as France, have experienced a major resurgence of disease in recent years. (20) As
China strives to eliminate measles, additional studies need to be conducted among other age
groups to identify susceptible pockets of the population, which can then guide public health
programs in achieving improved coverage in age-specific targets.

Despite high levels of coverage with the first and second doses of an MCV, many children
in Tianjin did not receive the third recommended dose. In particular, children residing in
rural areas were least likely to receive a complete series, and most likely to receive MCV
doses late, putting them at greater risk for measles for a longer period of time. This
association persisted in bivariate and multivariate analyses. Variations in coverage by
residency area are consistent with previous reports of urban-rural disparities in vaccine
coverage in China. (21) Furthermore, urban-rural inequities in healthcare in China have been
increasing, despite an overall improvement in population health. (22) Compared to urban
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areas, rural areas have greater under-five mortality rates, fewer births at healthcare facilities,
and a higher burden of maternal deaths. (23) Those who live in poor, rural areas are reported
to have the greatest difficulties accessing health care. (24, 25) In our study, children in all
areas are accessing vaccination services and receiving the first two doses of MCV at a high
level, indicating that vaccine is in fact available to all children. However, perhaps many of
the children in Tianjin received the complete measles immunization series through SIAs.
These are not directed at individual dose timeliness but rather at series completion. Access
to regular and ongoing immunization clinic services, which helps insure timely
administration of each dose, may be more spotty on a day to day basis in rural and suburban
areas than in urban areas where they are more focused and accessible. Additional emphasis
on receiving MMR-2 may be necessary to improve coverage of the complete series of MCV
in rural areas. Furthermore, MMR-2 coverage needs to be improved in all residency areas —
urban, suburban, rural, and coastal — to ensure ongoing high levels of protection from
measles in children and to minimize transmission in this young population. There is a clear
interaction between area of residence and year of birth. The measles SIAs that occurred in
China in 2008 and 2010, while intended to reach all unvaccinated and under-vaccinated
children in Tianjin, may have been more successful or more fully operationalized in some
areas or among some age groups, than in others. Importantly, the data included vaccination
information for all vaccines, but did not specify if the vaccination was provided by a regular
immunization clinic or specifically as part of a measles SIA. Of course, efforts to insure that
all children are caught up during SIAs and through other vaccine activities are important,
regardless of area of residence.

Immunizations received during and after SIAs, which are administered regardless of current
immunization status, may be important for assessing timeliness and continuity of routine
immunization services, but should not be relied upon in lieu of regular immunization
services. Wenzhou, China experienced an epidemic of measles in 2010. (26) Investigation
into this epidemic suggested that relaxed routine immunization following the nationwide
SIA accounted for a large number of cases.

While female children were more likely to receive the complete series of MCV, and to
complete it on-time, male children who received the complete series were more likely to
receive each dose on-time. The differences, however, were small and not likely to be
meaningful in terms of overall disease control efforts.

The average age at immunization with MV and MMR-1 was shown to decrease by birth
cohort. The Tianjin immunization schedule did not change between 2004 and the present.
The observed trend may therefore be a result of China's increased public health efforts in
recent years, such as SIAs for measles vaccination; improved infectious disease surveillance
and control are hallmarks of China's success in developing its public health system. (27)

Improvements in on-time receipt of vaccine ensure that more children are adequately
protected against measles at the earliest age possible. (28) While we observed decreased age
at immunization for MV and MMR-1 over the birth cohorts, we did not observe a similar
trend in series completion or on-time receipt by birth cohort. Further attention to series

Pediatr Infect Dis J. Author manuscript; available in PMC 2016 March 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Montgomery et al.

Page 8

completion and on-time receipt of the series continue to be key to China's efforts to
eliminate measles.

The three-dose schedule in Tianjin allows for up to 16 months between MV and MMR-1.
Given that vaccine efficacy is approximately 85% in children who receive MV at age less
than 12 months, children in Tianjin may be at substantial risk for measles infection for more
than a year. While this age group does not have a particularly high burden of measles
disease based on the current epidemiological profile for measles, it is important to continue
to monitor case surveillance data for increased burden of disease in children who are
between their MV and MMR-1 doses. An increase in cases may indicate a need for
consideration of an earlier administration of MMR-1.

Future projects should investigate the early administrations of MV, MMR-1, and MMR-2,
and the impact that they have on measles susceptibility. Although the minimum interval
between doses of MCV is one month, adherence to the immunization schedule is thought to
maximize the immune response to the vaccine and reduce the number of children susceptible
to disease (6, 7). Understanding the reasons for early administrations could also improve
health education and future immunization activities. Furthermore, the schedule should be
guided by the changing epidemiology of measles in Tianjin, in this era of measles
elimination.

The study has several important limitations. The study population was limited to 69 clinics
in five districts in the eastern part of China, thus it may not be representative of the greater
population of Tianjin or all of China. Although TICDC estimates that all children were
included in the immunization registry, some children may have been missed, particularly
those who newly migrated to Tianjin. Missing data on these children may result in an
overestimate of measles vaccine coverage in Tianjin. However, we believe the impact is
minor, as vaccines are free, readily available, and required for school entry. Furthermore,
village doctors work closely with village leaders to ensure that all children have access to
immunization clinics. This study excluded children who were not old enough to receive
vaccine at time of data collection, but included older children who may have received
vaccines early. Consequently, we may have excluded some children who received the
vaccine early, leading to an underestimate of coverage. Since our analysis revealed that
relatively few children received the vaccine before the recommended age, we anticipate that
the impact is minor. The large sample size of this study provided high levels of statistical
power and internal validity.

Extremely high rates of immunization are observed for the first two doses of MCV, yet these
rates declined for the third dose. Consequently, results from this study may be indicative of
gaps in immunization services in Tianjin, China. Maintaining high coverage of MV and
MMR-1, increasing coverage of MMR-2, and ensuring on-time immunizations will aid
China in reaching its goal of eliminating measles in the near future.
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Coverage of measles vaccine (MV), measles-mumps-rubella vaccine dose one (MMR-1),

measles-mumps-rubella vaccine dose two (MMR-2) 2004 — 2011, Tianjin, China.
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Mean age at immunization with measles vaccine (MV) (n = 202,987) and measles-mumps
rubella vaccine dose one (MMR-1) (n = 171,042) and dose two (MMR-2) (n = 55,345) by

birth year, among children receiving each vaccine, children born 2004 — 2011, Tianjin,

China.
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Page 13

Sociodemographic characteristics of the study population, children born 2004 — 2011 who were over 8 months

of age at data collection, Tianjin, China.

n Frequency (%)

Total 205,982 100
Sex

Male 110,321 53.6

Female 95,661 46.4
Area of residence

Coastal 30,896 15.0

Rural 62,949 30.6

Suburban 42,536 20.7

Urban 69,601 33.8
Birth year

2004 15,882 7.7

2005 19,222

2006 21,380 10.4

2007 25,692 12.5

2008 27,356 13.3

2009 31,140 15.1

2010 32,107 15.6

2011 33,203 16.1
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