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Abstract

Background: Vaccination coverage is typically measured as the proportion of individuals who 

have received recommended vaccine doses by the date of assessment. This approach does not 

provide information about receipt of vaccines by the recommended age, which is critical for 

ensuring optimal protection from vaccine-preventable diseases (VPDs).

Objective: To assess vaccination timeliness in the Federated States of Micronesia (FSM), and the 

projected impact of suboptimal vaccination in the event of an outbreak.

Methods: Timeliness of the 4th dose of diphtheria, tetanus, and acellular pertussis vaccine 

(DTaP) and 1st dose of measles, mumps, and rubella vaccine (MMR) among children 24–35 

months was assessed in FSM. Both doses are defined as on time if administered from 361 through 

395 days in age. Timeliness was calculated by one-way frequency analysis, and dose delays, 

measured in months after recommended age, were described using inverse Kaplan-Meier analysis. 

A time-series susceptible-exposed-infected-recov ery (TSEIR) model simulated measles outbreaks 

in populations with on time and late vaccination.

Results: Total coverage for the 4th dose of DTaP ranged from 36.6% to 98.8%, and for the 1st 

dose of MMR ranged from 80.9% to 100.0% across FSM states. On time coverage for the 4th dose 

of DTaP ranged from 3.2% to 52.3%, and for the 1st dose of MMR ranged from 21.1% to 66.9%. 

Maximum and median dose delays beyond the recommended age varied by state. TSEIR models 

predicted 10.8–13.7% increases in measles cases during an outbreak based on these delays.

*Corresponding author at: Immunization Services Division, National Center for Immunization and Respiratory Diseases, Centers for 
Disease Control and Prevention, 1600 Clifton Rd., MS-A19, Atlanta, GA 30329, United States. ikp9@cdc.gov (A. Tippins). 

Appendix A. Supplementary material
Supplementary data associated with this article can be found, in the online version, athttps://doi.org/10.1016/j.vaccine.2017.10.001.
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Conclusions: In each of the FSM states, a substantial proportion of children received DTaP and 

MMR doses outside the recommended timeframe. Children who receive vaccinations later than 

recommended remain susceptible to VPDs during the period they remain unvaccinated, which may 

have a substantial impact on health systems during an outbreak. Immunization programs should 

consider vaccination timeliness in addition to coverage as a measure of susceptibility to VPDs in 

young children.
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1. Introduction

Childhood vaccination improves life expectancy, decreases healthcare costs, and reduces the 

spread of preventable diseases [1–4]. Routine vaccination averts an estimated 2–3 million 

deaths globally due to diphtheria, tetanus, pertussis, and measles every year [5]. In the 

United States alone, routine vaccinations prevented an estimated 322 million illnesses, 21 

million hospitalizations, and 732,000 deaths, at a net savings of $295 billion in direct costs 

and $1.38 trillion in total societal costs, for children born during the period 1994–2013 [6]. 

International organizations such as the World Health Organization (WHO) implement 

programmatic immunization programs to ensure high vaccination coverage around the world 

[7].

The Federated States of Micronesia (FSM) is an island nation spread nearly 2700 km across 

the Pacific Ocean just north of the equator. There are four island states, Chuuk, Kosrae, 

Pohnpei, and Yap, and all states except Kosrae are comprised of one main “high” island 

surrounded by lower lying outer islands. According to the 2010 census, there were 12,073 

children under the age of 5 years throughout the FSM states [8]. Researchers from the 

Centers for Disease Control and Prevention (CDC) partner with local immunization 

programs to monitor vaccination coverage among children and adults in FSM and other U.S. 

Affiliated Pacific Island jurisdictions. Technical assistance provided by CDC based on 

vaccination coverage assessments aid the local programs in assessing the level of 

vulnerability to vaccine-preventable diseases (VPD) in their jurisdictions, evaluating their 

program interventions, and developing recommendations and technical support for key 

stakeholders [9].

Most childhood vaccines are administered in FSM according to the Advisory Committee on 

Immunization Practices (ACIP) recommendations, with a few exceptions based on the 

increased burden of some VPDs in the region. The ACIP recommendations include 

guidelines for vaccination timeliness, or adherence to the recommended timing and spacing 

of doses, ensuring protection from VPDs as early in life as possible. Late vaccine 

administration increases the length of time required to obtain adequate protection from 

VPDs [10]. Previous studies have shown low vaccination timeliness despite high vaccination 

coverage in many countries [11–17].
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While prior CDC assessments found moderate to high vaccination coverage in FSM, they 

did not account for timing of vaccination in the assessment. In 2016, CDC researchers 

reassessed vaccination data for 1824 children born between 2007 and 2014. The objective of 

this study was to examine the traditional measure of total vaccine uptake compared to on 

time vaccination coverage for four doses of diphtheria and tetanus toxoids and acellular 

pertussis vaccine (DTaP) and one dose of the measles, mumps, and rubella vaccine (MMR) 

among children 24–35 months. Additionally, a standard deterministic compartmental model 

was developed to represent transmission dynamics and estimate the potential impact of a 

hypothetical measles outbreak in each state based on measured levels of vaccine uptake and 

timeliness. The assessment of on time coverage in this study provides a more rigorous 

examination of the nuanced aspects of vaccination coverage than a traditional vaccination 

coverage assessment; typically vaccination coverage assessments only measure the number 

of vaccine doses administered by a certain age, regardless of timing and spacing [16]. This 

study highlights the importance of vaccination timeliness in the context of vaccination 

coverage assessments, local immunization program objectives, and community protection 

against the spread of VPDs, and provides information that can be used by the immunization 

program to improve planning and strategy of vaccination outreach activities.

2. Methods

2.1. Survey methods

Cross-sectional vaccination coverage assessments were conducted in the four FSM states 

from 2010–2016. Vaccination dates for children 24–35 months were collected from shot 

cards, hospital medical records, foreign medical records, public health immunization log 

books, or immunization information system records, where available.

In Pohnpei, a randomized household-based survey was conducted by the FSM Department 

of Health and the CDC from October 18, 2010 to December 30, 2010. On the Pohnpei main 

island, a population-based systematic random sampling survey was conducted. Starting from 

a randomly chosen point in each enumeration district on the main island, every 4th 

household was selected to determine eligibility in the survey. Eligibility was determined by 

the presence of at least one child age 19–35 months living in the household. Enumeration 

districts in this survey are the same used by the FSM Census. Because the population on the 

outer islands was small (353 total households), a full census was conducted in those 

locations. If a respondent from any household on a neighboring island or any randomly 

selected household on the main island was not available, two follow-up attempts were made 

for that household.

In Chuuk (2016), Kosrae (2013), and Yap (2015), a census of administrative data and public 

health records was conducted as a cost- and time-efficient alternative to a household survey 

to estimate vaccination coverage. Children 24–35 months were identified using birth records 

and public health records, then all available vaccination records were collected for each 

child. Data from each available source were combined, compared, and de-duplicated to 

provide the most accurate vaccination history for each child.
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Informed consent was obtained during survey interviews and all data collection protocols 

were approved by the CDC Institutional Review Board and the FSM Department of Health 

& Social Affairs review board.

2.2. Outcome measures

Vaccination doses recommended for this age group by the ACIP or FSM Department of 

Health included: 1 dose of Bacillus Calmette-Guerin vaccine, 4 doses of diphtheria and 

tetanus toxoids and acellular pertussis vaccine, 3 doses of inactivated poliovirus vaccine, 2 

doses of measles, mumps and rubella vaccine, 3 doses of Haemophilus influenzae type B 

vaccine and 3 doses of Hepatitis B vaccine. For the purpose of this study, timeliness was 

assessed for two vaccines, DTaP, and MMR. These vaccines were of particular interest 

because FSM experienced outbreaks of pertussis and measles in recent years [18,19]. Only 

the first dose of MMR was included in this analysis because the open-ended definition of the 

recommended age for the second dose of MMR in FSM (>13 months) was not suitable for 

these types of analyses.

In addition to total coverage, or percentage of children up-to-date with the recommended 

number of vaccine doses by age 24–35 months, we analyzed receipt of vaccine doses 

according to the schedule approved by FSM Department of Health (Table 1). Because 

number of days in a month varies, an average of 30.4 days was used to calculate age at 

vaccine dose. Recommended age for routine administration of the four doses of DTaP 

according to ACIP are 2 months, 4 months, 6 months, and 15–18 months, respectively; 

ACIP states the 4th dose can be administered as early as age 12 months, provided a 

minimum interval of at least 6 months has elapsed since the third dose. Recommended age 

for routine administration of the 1st dose of MMR according to ACIP is 12–15 months. FSM 

recommends the 4th dose of DTaP and the 1st dose of MMR at the minimum age of 12 

months. Measures of on time coverage for these doses follow the FSM recommendation. 

The recommended vaccine schedule describes minimum age and minimum intervals 

between doses of a vaccine series to confer optimal immunity. However, to avoid re-

administration of early doses, the ACIP defines a dose as acceptably early if the dose occurs 

during a 4 day grace period before the minimum age or interval. Doses received within the 

grace period were included in the measure of on time coverage [10].

2.3. Statistical analysis

2.3.1. Vaccine uptake and timeliness—Total vaccination coverage and on time 

coverage were calculated by one-way frequency analysis. Household survey results were 

weighted to match the characteristics of the island’s most recent census, where applicable. 

Data were entered into Epi Info v. 7 databases and analyzed using SAS v. 9.3 statistical 

software.

2.3.2. Time-course to vaccine completion—The Kaplan-Meier time-to-event 

analysis method is an approach that can be used to illustrate time to vaccination and estimate 

immunization coverage at any given age within a population [20]. The classical survival 

function, s(t), represents the cumulative probability of being unvaccinated at any given age, 

t, described here in months. Taking the inverse of s(t), the cumulative probability of children 
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being vaccinated at any given age, in months, can be represented by the function 1-s(t). By 

incorporating information on birth dates and age at vaccination, the Kaplan-Meier analysis 

takes into account different lengths of individual observation periods. Children who had not 

received a vaccination by the end of the data collection period were right-censored. The 

main assumption of this method is that censoring is independent of event; in this study, the 

age of a child missing a vaccine dose at the end of data collection is independent of the 

probability of being vaccinated after the data collection period.

Median age at vaccination was calculated for the 4th dose of DTaP and the 1st dose of MMR. 

Median delay is the difference in time between the median age at vaccination and the 

recommended age. Maximum delay is the difference in months from the recommended age 

to the age at which total coverage is reached, according to the Kaplan-Meier curves.

In a secondary analysis, results for total coverage, on time coverage, median age at 

vaccination, and maximum delay of the 4th dose of DTaP and 1st dose of MMR are stratified 

by place of residence (main island or outer island). This analysis is presented for two of the 

three states for which this stratification scheme is relevant and sample sizes were sufficient.

2.3.3. Predictive modeling—Mathematical models are frequently used in 

epidemiology to estimate the spread of communicable diseases in fixed populations [21–24]. 

In this study, a model illustrates the impact of vaccination timeliness on the spread of a 

vaccine-preventable disease during an outbreak. A standard deterministic compartmental 

model, referred to as a time-series susceptible-exposed-infectious-remov ed (TSEIR) model, 

was developed to represent the transmission dynamics and potential impact of a hypothetical 

measles outbreak in each state of FSM.

The model was parameterized to compare two scenarios. The first scenario represents a best-

case situation where all targeted persons, aged 24–35 months, received vaccinations on time, 

as recommended. In the second scenario, which is called delay, the starting vaccination level 

was equal to the coverage level observed at the time when the median-aged child in the 

target cohort should have been vaccinated. Thereafter, the model assumed vaccination 

coverage increased at the levels that were estimated from observed data. The observed data 

were illustrated by the inverse Kaplan-Meier analyses. Detailed model parameters and a 

more thorough description of the model methods can be found in the Appendix.

3. Results

At least one public health or medical record was available for each child included in the 

analyses; seven children in the Pohnpei dataset had no written documentation of vaccination, 

but vaccination events were recalled through caregiver interview. These children were 

excluded from the analyses. Data were analyzed for 1226 children in Chuuk, 172 children in 

Kosrae, 188 children in Pohnpei, and 238 children in Yap.

3.1. Vaccine uptake and timeliness

The proportion of children age 24–35 months up-to-date for each of the 4 doses of DTaP is 

presented in Fig. 1, along with proportion of children who completed each dose on time. 
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Total coverage was highest in Kosrae (100% for dose 1–98.8% for dose 4), followed by Yap 

(99.6–87.8%), Pohnpei (100–66.1%), and Chuuk (97.2–35.6%). On time coverage was 

highest in Kosrae (94.2% for dose 1–52.3% for dose 4), followed by Pohnpei (83.6–20.3%), 

Yap (68.5–23.5%), and Chuuk (42.5–3.2%). Generally, as the DTaP schedule progressed, 

adherence to the recommendations declined, so later doses in the series were more likely to 

be administered late or not yet received at the end of follow-up; there was a significant (p < 

0.05) correlation between children delayed for dose 3 and children delayed for dose 4 in all 

states. Among vaccinated children, the proportion who received the 4th dose of DTaP outside 

the recommended timeframe was significantly higher (p < 0.05) than the proportion who 

received the dose on time, in all states except Kosrae.

The proportion of children 24–35 months up-to-date for the first dose of MMR is presented 

in Fig. 2, along with the proportion of children who completed the dose on time. Total 

coverage for the recommended 1st dose of MMR was highest in Kosrae (100%), followed by 

Yap (97.1%), Chuuk (88.3%), and Pohnpei (80.9%). On time coverage was highest in 

Kosrae (66.9%), followed by Yap (43.7%), Pohnpei (30.2%), and Chuuk (21.1%). Among 

vaccinated children, the proportion of children who received the 1st dose of MMR outside 

the recommended timeframe was significantly higher (p < 0.05) than the proportion who 

received the dose on time, in all states except Kosrae.

3.2. Time-course to vaccine completion

The time-course for completion of the 4 th dose of DTaP and the 1st dose of MMR in each of 

the three states are presented in Fig. 3. These figures depict the cumulative probability of 

age-specific vaccination. Reference lines are drawn at the age recommended for each 

vaccine dose. The proportion of children vaccinated for either vaccine at the recommended 

age varies across the states.

Among those who were late with the 4th dose of DTaP, median age at vaccination was 20 

months in Chuuk, 16 months in Kosrae, 17 months in Pohnpei, and 20 months in Yap. 

According to FSM’s recommended schedule, this is equivalent to a median delay of 8 

months, 4 months, 5 months, and 8 months, respectively. Among children who received the 

4th dose of DTaP by the end of followup, maximum delays up to 21 months in Chuuk, 19 

months in Kosrae, 17 months in Pohnpei, and 23 months in Yap from the recommended age 

were apparent.

Among those who were late with the 1st dose of MMR, median age at vaccination was 15 

months in Chuuk, 16 months in Kosrae, 16 months in Pohnpei, and 15 months in Yap. 

According to FSM’s recommended schedule, this is equivalent to a median delay of 3 

months, 4 months, 4 months, and 3 months, respectively. Among children who received the 

1st dose of MMR by the end of followup, maximum delays up to 20 months in Chuuk, 20 

months in Kosrae, 16 months in Pohnpei, and 14 months in Yap from the recommended age 

were apparent.

Results for stratified analyses are presented in Table A-1. On time coverage was 

significantly (p < 0.05) lower on outer islands compared to the main island in both Chuuk 

(1.5% vs. 10.4% for DTaP4; 18.7% vs. 31.7% for MMR1) and Yap (10.7% vs. 37.5% for 
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DTaP4; 28.7% vs. 60.7% for MMR1). Median age at vaccination, among all children who 

were vaccinated by the end of follow-up, is later in outer islands compared to the main 

island in Chuuk (21 months vs. 16 months for DTaP4; 14 months vs. 13 months for MMR1) 

and Yap (24 months vs. 14 months for DTaP4; 14 months vs. 12 months for MMR1). 

Despite significant differences in on time coverage, maximum delays on main islands are 

similar to, or exceed, maximum delays in the outer islands.

3.3. Predictive modeling

Table 2 presents the results of the TSEIR model and, in particular, the number of measles 

cases in the entire population that occurred during a hypothetical measles outbreak in each 

state of FSM. The delay scenario represents a situation where vaccinations occurred in the 

target cohort later than recommended. This delay scenario is compared to the ideal scenario, 

which is called the on time scenario, where the assumption is that all children are vaccinated 

on time. The on time scenario experiences fewer number of cases of measles (2025 in 

Chuuk, 249 in Kosrae, 1592 in Pohnpei, and 445 in Yap) compared to the delay scenario 

(2279 in Chuuk, 276 in Kosrae, 1789 in Pohnpei, and 506 in Yap). This represents an 

increase of 254 cases in Chuuk (12.5% increase), 27 cases in Kosrae (10.8% increase), 197 

cases in Pohnpei (12.4% increase), and 61 cases in Yap (13.7% increase).

Fig. 4 presents the size of the infected population with respect to time during an outbreak for 

all four states, comparing the on time scenario with the delay scenario. Across all four states, 

outbreaks in the delay scenario have greater total case counts, experience peak case counts 

sooner, and are shorter in duration. The differences in case counts between the four islands is 

due largely to both the differences in population size as well as differences in vaccine 

coverage between the islands. Sensitivity analyses on contact rate and the starting level of 

vaccine coverage are available in the appendix.

4. Discussion

Coverage for the fourth dose of DTaP and the first dose of MMR varied substantially across 

the four states of FSM. Even when coverage was high, on time coverage was substantially 

lower, meaning most children who were vaccinated did not receive doses at the 

recommended age of 12 months. Children in all states received these doses as late as ages 

26–35 months; children who were not vaccinated by the end of the data collection period 

may have received doses even later or not at all. Models indicated increases greater than 

10% in measles cases in scenarios where vaccinations were delayed, due to an increased 

pool of susceptible individuals in the population.

Children who receive vaccinations later than recommended remain susceptible to VPDs until 

they are vaccinated, which may have a substantial impact on health systems and local 

economies during an outbreak. Immunization programs should consider vaccination 

timeliness in addition to vaccine receipt as a measure of susceptibility to VPDs in young 

children, particularly in areas that have experienced recent outbreaks.

Measurement of up-to-date coverage alone may sometimes obscure substantial vaccination 

delays that occur during the first two years of life. Risk of disease due to delay in 
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vaccination varies, but understanding vaccination timeliness is especially important for 

diseases that have the potential to cause large outbreaks, such as measles [25]. Recent VPD 

outbreaks in FSM highlighted a need for further investigation of vaccination outcomes, such 

as timeliness. Using methods such as Kaplan-Meier and TSEIR modeling are newer 

approaches in the context of vaccination coverage and timeliness, which can be utilized by 

immunization programs to better understand the level of protection against VPDs, and the 

risk of VPD outbreaks, in their communities.

Inverse Kaplan-Meier graphs provide a useful visual method to estimate the proportion of 

children vaccinated at any given age, and understand the nature of under-vaccination within 

a cohort over the first two years of life. Many children in this study were under-vaccinated 

for DTaP or unvaccinated for MMR for several months after the recommended age of 

vaccine administration, despite being vaccinated at the end of follow-up. It is important to 

note that doses were delayed up to two years from the recommendation for both vaccines, 

even in the states with highest total coverage.

In this study, the proportion of children receiving DTaP doses on time decreased as the 

schedule progressed, consistent with previous studies [12,15,26,27]. Because this vaccine 

requires a minimum interval of four weeks between the first three doses, and six months 

between the third and fourth dose, children late for those first doses will remain late for 

subsequent doses, and may be more likely to not receive the fourth dose by the age of 24 

months, even with adequate time for catch-up [28]. Transplacental immunity wanes rapidly 

in the first three months of life [29]. The greater the delay during the early months in life, the 

longer the child remains under-protected against the commonly circulating VPD, pertussis. 

In studies of pertussis outbreaks, incidence tended to be highest among infants younger than 

six months, and many cases occurred in young children who were under-vaccinated for age 

[30,31].

In the case of the first dose of MMR vaccine, delays measured by the Kaplan-Meier method 

represent a period of complete lack of protection against measles. Investigations of measles 

epidemics in the United States have found a primary cause was a failure to provide vaccines 

at the recommended age [32]. Studies of measles outbreaks in England and Wales have 

shown a significant increase in the reproductive number, or number of secondary infections 

per infection, occurring immediately following years where there was a decrease in uptake 

of the MMR vaccine, as a result of a greater number of susceptible individuals in the 

population [33]. In our study, TSEIR models parameterized according to observed delays in 

FSM demonstrated the potential impact an increased pool of susceptible individuals in their 

populations may have in the event of an outbreak.

Since introduction of measles-containing vaccines in the late 1980s, outbreaks of measles 

cases have been identified in FSM during three different years [34]. From 1991–1994, FSM 

was part of a large measles outbreak across the region, in which a combined population of 

about 300,000 experienced more than 1300 cases of measles and 16 deaths due to measles 

[35]. In 1992, approximately 35 cases were identified. In 1994, approximately 930 cases 

were identified. More recently, in 2014, a measles outbreak in Pohnpei, Kosrae, and Chuuk 

resulted in 393 suspected cases, with 140 laboratory confirmed, 244 others linked through 
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epidemiologic data, and 9 clinically compatible. The computed incidence for this outbreak 

was 2226.6 per million individuals. There was one death attributed to measles in 2014 [36].

An important caveat to consider is the FSM immunization program recommends a second 

dose of MMR as early as 13 months of age, due to increased risk of measles in the region. 

The results of this study demonstrated as many as 4 out of 5 children in some regions of the 

country were not receiving the first dose at the recommended age, and some children were 

not vaccinated until well into their second to third year of life. Further, recent studies have 

found increased risk of complications such as febrile seizures in children who received 

delayed MMR vaccinations [37,38]. This highlights the value of measuring timeliness of 

vaccination in conjunction with total coverage, as a means of better understanding both the 

level of VPD protection within a population, and the risk of complications in the population 

associated with delayed vaccines.

The data collection methods identified in this paper represent the most accurate and reliable 

methods for estimating vaccination coverage in the low resource setting of FSM, but are 

subject to limitations. First, data were collected across different years, so results may not be 

generalizable across states and may not reflect current trends. Second, data collected by 

administrative surveys in Chuuk, Kosrae, and Yap may underrepresent children who have 

not accessed the healthcare system and who may be more likely to be un- or under-

vaccinated. Third, the Kaplan-Meier method produces slightly higher results than 

conventional coverage measures as a result of censoring; this method reduces the population 

“at risk” at the time point when censoring occurs. Conventional estimates of coverage are 

provided for comparison to Kaplan-Meier results. Fourth, in the delay scenario, the TSEIR 

model assumes a linear increase toward total coverage actually observed, which impacts the 

time to completion of the hypothetical outbreak. In the event of a real measles outbreak, it is 

likely a mass vaccination campaign would more rapidly reduce the number of susceptible 

individuals in the population and accelerate this timeline; the estimated difference in cases 

and difference in outbreak duration between the on time and delay scenarios may be 

overestimated.

5. Conclusion

This study provides new information about how long children in FSM remain under-

protected from commonly circulating VPDs such as measles and pertussis, which may be 

useful for immunization programs in FSM to set priorities for immunization activities. More 

generally, this study underscores an important and potentially overlooked opportunity to 

improve public health and vaccination coverage. The success of an intervention that 

addresses vaccination timeliness benefits from targeting a portion of the population that is 

already predisposed and has the necessary healthcare access to obtain vaccinations. 

Caregivers of these children potentially need only a reminder to ensure vaccinations are 

occurring at the best time for the protection of the child’s health. As such, timeliness-based 

interventions may be an inexpensive way to improve vaccination coverage and public health 

protection from vaccine-preventable diseases. Some evidence-based interventions to 

consider to improve on time vaccination include: parental education on the importance of 

timely vaccinations, in conjunction with the use of the existing Immunization Information 
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System which provides reminders to schedule visits at appropriate age and aid physicians in 

clinical decision support to reduce missed vaccination opportunities; recall of patients who 

have missed scheduled appointments, or who are otherwise at risk of delayed vaccination; 

increasing community awareness of vaccination activities; and increasing frequency of 

vaccination activities in alternate community settings [39]. Immunization programs in island 

nations with far-reaching outer islands may also benefit from planning regular community 

outreach to improve timing and spacing of doses for children in hard to reach locations, for 

whom access to public health clinics may be more difficult.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Estimated percentage of children 24–35 months who received recommended doses of 

diphtheria and tetanus toxoids and acellular pertussis vaccine (DTaP), by time frame*†, 

Federated States of Micronesia, 2010–2016§. *Total coverage is a measure of doses received 

by end of follow-up. †On time coverage is a measure of doses administered from 4 days 

before the age of 2 months (DTaP1), 4 months (DTaP2), 6 months (DTaP3), and 12 months 

(DTaP4) through the end of the respective month. §Data collected by census of medical 

records among children 24–35 months in Chuuk (2016; n = 1226), Kosrae (2013; n = 172) 

and Yap (2015; n = 238). Data collected by random sample of medical records among 

children 24–35 months in Pohnpei (2010; n=188). Estimates weighted to adjust for Pohnpei 

population characteristics based on most recent census.
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Fig. 2. 
Estimated percentage of children 24–35 months who received first dose of measles, mumps 

and rubella vaccine, by time frame*†, Federated States of Micronesia, 2010–2016§. *Total 

coverage is a measure of doses received by end of follow-up. †On time coverage is a 

measure of doses administered from 4 days before the age of 12 months through the end of 

the 12th month of age. §Data collected by census of medical records among children 24–35 

months in Chuuk (2016; n =1226), Kosrae (2013; n = 172) and Yap (2015; n = 238). Data 

collected by random sample of medical records among children 24–35 months in Pohnpei 

(2010; n = 188). Estimates weighted to adjust for Pohnpei population characteristics based 

on most recent census.
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Fig. 3. 
(a) Fourth dose of diphtheria and tetanus toxoids and acellular pertussis vaccination 

coverage and (b) first dose of measles, mumps and rubella vaccination coverage, presented 

with inverse and cumulative Kaplan-Meier curves (1-s(t))*. The vertical lines indicates 

recommended age of dose administration in the four states of the Federated States of 

Micronesia, 2010–2015†. *Figures depict the cumulative probability of age-specific 

vaccination. †Data collected by census of medical records among children 24–35 months in 

Chuuk (2016; n = 1226), Kosrae (2013; n = 172) and Yap (2015; n = 238). Data collected by 

random sample of medical records among children 24–35 months in Pohnpei (2010; n = 

188). Estimates weighted to adjust for Pohnpei population characteristics based on most 

recent census.
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Fig. 4. 
Epidemic curve (number of infected) of a hypothetical model of a measles outbreak under 

two scenarios for vaccine timeliness (on time and delay) for four states in the Federated 

States of Micronesia (a) Chuuk, (b) Kosrae, (c) Pohnpei, and (d) Yap. Notes: Starting 

vaccine coverage in the delayed scenario equaled the coverage at the time when the median 

person in the target cohort should have been vaccinated. Total numbers of cases for each 

scenario are as follows: Chuuk, on time: 2025; Chuuk, delay 2279; Kosrae, on time: 249; 

Kosrae, delay: 276; Pohnpei, on time: 1592; Pohnpei, delay: 1789; Yap, on time: 445; Yap, 

delay: 506.
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Table 1

Recommended age, minimum age, and minimum acceptable interval for selected early childhood vaccine 

doses,
a
 Federated States of Micronesia, 2010–2015.

Vaccine
dose

Recommended age for
routine administration

Minimum

acceptable age
b

Minimum
acceptable

interval
c

DTaP

1 2 months 6 weeks

2 4 months 10 weeks 4 weeks

3 6 months 14 weeks 4 weeks

4 12 months
d 12 months 6 months

MMR

1 12 months 12 months

2 ≥13 months
e 13 months 4 weeks

Abbreviations: DTaP = Diphtheria, tetanus, and acellular pertussis vaccine; MMR = Measles, mumps, and rubella vaccine; ACIP = Advisory 
Committee on Immunization Practices.

a
Approved by the Advisory Committee on Immunization Practices, the American Academy of Pediatrics, and the American Academy of Family 

Physicians.

b
Doses given within 4 days before the minimum age for all vaccines are considered acceptable.

c
Minimum acceptable interval since previous dose in the series.

d
ACIP recommends routine administration with the 4th dose of DTaP between ages 15–18 months, but states the dose can be administered as early 

as 12 months provided at least 6 months have elapsed since the 3rd dose. FSM recommends routine administration of the dose at the minimum age 
of 12 months, provided the minimum interval has elapsed.

e
ACIP recommends routine administration with the 2nd dose of MMR between ages 4–6 years, but states the dose can be administered as early as 

age 13 months provided at least 4 weeks have elapsed since the 1st dose. FSM recommends routine administration of the dose as early as the 
minimum age of 13 months, provided the minimum interval has elapsed.
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