@’PLOS ‘ ONE

CrossMark

click for updates

E OPEN ACCESS

Citation: Mokdad AH, Gagnier MC, Colson KE,
Dansereau E, Zufiga-Brenes P, Rios-Zertuche D, et
al. (2015) Missed Opportunities for Measles, Mumps,
and Rubella (MMR) Immunization in Mesoamerica:
Potential Impact on Coverage and Days at Risk.
PLoS ONE 10(10): e0139680. doi:10.1371/journal.
pone.0139680

Editor: Julian W. Tang, Alberta Provincial Laboratory
for Public Health/ University of Alberta, CANADA

Received: March 5, 2015
Accepted: September 16, 2015
Published: October 27, 2015

Copyright: © 2015 Mokdad et al. This is an open
access article distributed under the terms of the
Creative Commons Aftribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: The Inter-American
Development Bank (IDB) owns the data. Please
contact Executive Secretary Emma Margarita Iriarte
M.D., MPH (EMMAI@iadb.org) to request access to
the data.

Funding: This study was funded by the Bill &
Melinda Gates Foundation, the Spanish Agency for
International Development Cooperation, and the
Carlos Slim Health Institute, through the Inter-
American Development Bank.

RESEARCH ARTICLE

Missed Opportunities for Measles, Mumps,
and Rubella (MMR) Immunization in
Mesoamerica: Potential Impact on Coverage
and Days at Risk

Ali H. Mokdad*, Marielle C. Gagnier', K. Ellicott Colson?, Emily Dansereau’,
Paola Zuiiiga-Brenes?, Diego Rios-Zertuche®, Annie Haakenstad', Casey K. Johanns',
Erin B. Palmisano’, Bernardo Hernandez', Emma Iriarte®

1 Institute for Health Metrics and Evaluation, 2301 5th Ave, Suite 600, Seattle, Washington, United States of
America, 2 Division of Epidemiology, School of Public Health, University of California Berkeley, Berkeley,
California, United States of America, 3 Salud Mesoamérica 2015 / Inter-American Development Bank, Calle
50, Edificio Tower Financial Center (Towerbank), Piso 23, Panama, Panama

* mokdaa@uw.edu

Abstract

Background

Recent outbreaks of measles in the Americas have received news and popular attention,
noting the importance of vaccination to population health. To estimate the potential increase
in immunization coverage and reduction in days at risk if every opportunity to vaccinate a
child was used, we analyzed vaccination histories of children 11-59 months of age from
large household surveys in Mesoamerica.

Methods

Our study included 22,234 children aged less than 59 months in El Salvador, Guatemala,
Honduras, Mexico, Nicaragua, and Panama. Child vaccination cards were used to calculate
coverage of measles, mumps, and rubella (MMR) and to compute the number of days lived
at risk. A child had a missed opportunity for vaccination if their card indicated a visit for vac-
cinations at which the child was not caught up to schedule for MMR. A Cox proportional haz-
ards model was used to compute the hazard ratio associated with the reduction in days at
risk, accounting for missed opportunities.

Results

El Salvador had the highest proportion of children with a vaccine card (91.2%) while Nicara-
gua had the lowest (76.5%). Card MMR coverage ranged from 44.6% in Mexico to 79.6% in
Honduras while potential coverage accounting for missed opportunities ranged from 70.8%
in Nicaragua to 96.4% in El Salvador. Younger children were less likely to have a missed
opportunity. In Panama, children from households with higher expenditure were more likely
to have a missed opportunity for MMR vaccination compared to the poorest (OR 1.62, 95%

PLOS ONE | DOI:10.1371/journal.pone.0139680 October 27,2015

1/18


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0139680&domain=pdf
http://creativecommons.org/licenses/by/4.0/

@’PLOS ‘ ONE

MMR Immunization in Mesoamerica: Potential Coverage and Days at Risk

Competing Interests: All authors declare that they
have no competing interest.

Abbreviations: MMR, measles, mumps, rubella;
SM2015, Salud Mesoamérica 2015; IHME, Institute
for Health Metrics and Evaluation; ORS, oral
rehydration salts; OR, odds ratio; Cl, confidence
interval; MR, measles and rubella.

Cl: 1.06—2.47). In Nicaragua, compared to children of mothers with no education, children
of mothers with primary education and secondary education were less likely to have a
missed opportunity (OR 0.46, 95% CI: 0.24—0.88 and OR 0.25, 95% CI: 0.096—0.65,
respectively). Mean days at risk for MMR ranged from 158 in Panama to 483 in Mexico
while potential days at risk ranged from 92 in Panama to 239 in El Salvador.

Conclusions

Our study found high levels of missed opportunities forimmunizing children in Mesoamer-
ica. Our findings cause great concern, as they indicate that families are bringing their chil-
dren to health facilities, but these children are not receiving all appropriate vaccinations
during visits. This points to serious problems in current immunization practices and proto-
cols in poor areas in Mesoamerica. Our study calls for programs to ensure that vaccines are
available and that health professionals use every opportunity to vaccinate a child.

Introduction

Measles mortality dropped globally from 733,000 deaths in 2000 to 164,000 in 2008 [1]. An
estimated 13.8 million deaths were avoided between 2000 and 2012 because of measles vaccina-
tions [2]. These great gains have led the World Health Organization to target measles for elimi-
nation [3,4].

In the Americas, recent outbreaks of measles, which is generally imported from other coun-
tries, have attracted media and popular attention [5,6]. Many children are not immunized,
leaving them at risk for contracting the disease. Measles vaccinations remain a key public
health measure in the fight against infectious disease in the Americas.

In this study, we assess the presence of missed opportunities to vaccinate using a large
household survey in Mesoamerica. We estimate the potential increase in immunization cover-
age and reduction in days at risk for children aged 11-59 months if every opportunity to vacci-
nate a child was taken advantage of.

Methods
Study design and participants

The data presented were collected as part of the baseline evaluation for Salud Mesoamérica
2015 (SM2015), an initiative established to address the health issues faced by the poorest quin-
tile of the population in El Salvador, Guatemala, Honduras, Nicaragua, Belize, Costa Rica, Pan-
ama, and Mexico. In target areas of each country, surveys were conducted in households and
health facilities. Censuses were conducted within each selected primary sampling unit, a seg-
ment of approximately 150 households, to identify households with women aged 15-49 years
and children under 5 years old. Among eligible households, a randomly selected subset was
chosen for the SM2015 Household Survey.

The household survey had three components. A household questionnaire captured informa-
tion on assets, wealth, and characteristics of the home. Each woman aged 15-49 years was
asked to complete a maternal health questionnaire that captured demographic, health behav-
ior, and reproductive health information. Caregivers were asked to complete a child health
questionnaire on health, diet, and vaccination history for children aged 0-59 months. Trained
anthropometrists also conducted physical measurements and anemia tests for these children.
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SM2015 baseline surveys were conducted from March 1, 2011 to August 31, 2013. The data
were collected using computer-assisted personal interview (CAPI) software by trained inter-
viewers. Data were continuously monitored by the Institute for Health Metrics and Evaluation
(IHME). All data were collected after obtaining informed consent. The field surveyors
explained the purpose of this study to participants. Then, written informed consent was
obtained from all study participants who agreed to participate prior to data collection. The
study received approval from the University of Washington's Institutional Review Board (IRB),
and in-country Ministry of Health IRBs, including approval for the procedure for obtaining
and recording consent. We used Stata 12.1 and Stata 13.1 for the analyses and all estimates
were computed using survey weights, unless otherwise noted. Additional details on SM2015
methodology and implementation are available in a capstone publication on SM2015 [7].

Definitions

The age of each child was captured in months in the census and household survey (we did not
receive the birth day of the children for confidentiality). In order to assess vaccination history,
we converted months to days by multiplying reported age in months by 30.4 and adding 15.2
days. We wanted to be more conservative rather than assuming the child birth day is at the
beginning or end of their age-month. We then added the number of days between the census
survey and the household survey, at which up-to-date vaccination information was captured.
This value of age in days was used to determine eligibility for vaccines and calculate time at
risk.

Measles, mumps, and rubella (MMR) vaccination is required at 12 months of age in all
countries in Mesoamerica. An estimation of MMR coverage was calculated using caregiver
recall and vaccine card information. A child was considered compliant if they were 13 months
of age or older at the time of the household survey, and they had at least one caregiver-reported
or card-documented MMR dose. All children younger than 13 months were considered com-
pliant for MMR. Basically, we gave a grace period of one month by not counting children aged
less than 13 months at risk for vaccination. An estimate of card-only coverage was also calcu-
lated using the same approach above for card and recall. In order to account for vaccine time-
lines, we considered children who were vaccinated for MMR before age 11.5 months and did
not receive another dose thereafter to be non-compliant since the vaccine was given before age
12 months. The required vaccines were similar in all countries with slight differences.

Children without a vaccination card were excluded from estimation of time at risk. A vac-
cine was counted as valid when given within 15.2 days of the recommended age in months or
any time thereafter. MMR vaccination was valid if administered after age 11.5 months and con-
sidered as in the recommended interval if administered between 11.5 and 13.5 months. Chil-
dren who received an early vaccine were considered at risk starting at the end of the
recommended age interval. Days at risk were computed as the number of days from the end of
the recommended vaccine interval until receipt of a vaccine. For children with no record of
receipt of a vaccine or children who were vaccinated too early, days at risk were computed as
their age at the time of the interview minus the date when the vaccine was recommended. This
provides a conservative estimate of days at risk, because the number of days at risk for children
unvaccinated at the time of interview would increase with time.

A child incurred a “missed opportunity” if their vaccination card indicated a vaccination
visit after the recommended vaccine date, but MMR vaccine was not administered at that time.
We defined potential coverage as the population vaccination coverage if vaccines were given at
missed opportunity visits. Potential days at risk are the number of days that a child went with-
out a vaccine, assuming that the child was caught up at his or her next vaccination visit
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following recommended vaccine age. Basically, we used the date of the receipt of the vaccine
when given later or the time of the survey if the vaccine was not given.

The health facility typically visited for vaccination, as reported by the caregiver, was
extracted from the survey and matched to health facilities in the SM2015 baseline Health Facil-
ity Survey. Facilities were categorized as providing child services based on the availability of
MMR vaccine and stock of oral rehydration salts (ORS). Survey-weighted estimates of MMR
coverage, according to the vaccine card, were calculated between children attending facilities
with and without MMR and ORS in stock.

Statistical analyses

We used the % test of independence to compare children with and without a vaccine card by
socio-demographic variables, stratified by country. The y” test of independence was also used
to compare children who were and were not covered for MMR according to their vaccination
card, and children with and without missed opportunities for MMR by socio-demographic var-
iables, stratified by country. Survey-weighted logistic regression was used to determine the
association of socio-demographic characteristics with a child having a vaccination card, being
covered for MMR according to their vaccination card, and having a missed opportunity for
MMR vaccination. All logistic regressions were stratified by country.

We used the Cox proportional hazards model to compute the hazard ratio associated with
the reduction in days at risk, after accounting for missed opportunities, and to adjust for other
known risk factors in two stages (first, with only country fixed effects, child sex, maternal edu-
cation, and maternal age; second, with additional covariates) [8]. An unadjusted Kaplan-Meier
estimation of time to vaccination was also computed. Responses of children who had not been
vaccinated at the time of interview were treated as censored. In each model, indicator variables
(0,1) were created to designate individual membership in discrete categories of each of the
potential risk factors.

Socio-demographic characteristics were considered at the child, mother, and household
level. Child characteristics include gender and categorical age in years. Characteristics of the
child’s mother include attained education level (no education, primary education, or secondary
or higher education), literacy, age in years at the time of the survey, parity, employment status,
and marital status. Household characteristics include household size, gender of the head of
household, within-country household monthly expenditure quintile, asset index, and urban or
rural locality.

Results

A total of 22,234 children aged 11-59 months in El Salvador, Guatemala, Honduras, Mexico,
Nicaragua, and Panama had vaccination information. Of these, 18,868 had vaccination cards
observed on the day of the survey. Table 1 compares child, maternal, and household character-
istics of children with and without a vaccine card. The distribution of age, education, and
wealth characteristics varies significantly between groups. Child age was an important predic-
tor for having a vaccination card in most countries (Table 2). Older children in El Salvador,
Honduras, Nicaragua, and Panama were less likely to have a card than younger children. In
Honduras, children whose mothers had secondary or more education were less likely to have a
vaccine card than uneducated mothers (odds ratio [OR] 0.390, 95% confidence interval [CI]:
0.202-0.755). Female children in Mexico were more likely to have a vaccine card than males
(OR 1.311, 95% CI: 1.125-1.528). Conversely, female children were less likely to have a vaccine
card in Nicaragua (OR 0.778, 95% CI: 0.611-0.990). Children in El Salvador were less likely to
have a vaccine card if the head of household was female (OR 0.663, 95% CI: 0.485-0.907). In El
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Salvador and Nicaragua, children of mothers older than 20 were more likely to have a vaccine
card. Children in households with more assets were more likely to have a vaccine card in El Sal-
vador (OR 3.225, 95% CI: 1.187-8.760) and Nicaragua (OR 6.220, 95% CI: 1.540-25.11). Moth-
er’s marital status and urbanicity were not significantly associated with a child having a vaccine
card in any country when adjusting for other factors.

Table 3 shows a comparison of characteristics between children that were and were not cov-
ered for MMR according to their vaccine card. Child age, maternal education and employment,
and household wealth have significantly different distributions between groups. However,
when adjusting for all characteristics with regression, different patterns emerge among coun-
tries (Table 4). In El Salvador, children aged 2 to 3 years were less likely to be covered than
those aged 1 year, but children aged 4 years were much more likely (OR 2.095, 95% CI: 1.498-
2.929) due to a required MMR booster at 48 months. In Guatemala, children of partnered
women were more likely to be covered than those who were single. In Mexico, children from
larger families were less likely to be covered, controlling for other factors. Children in Nicara-
gua were less likely to be covered for MMR if their head of household was female (OR 0.668,
95% CI: 0.500-0.893).

The coverage cascade of MMR immunization by country is shown in Table 5. El Salvador
had the highest proportion of children with a vaccine card (91.2%) while Nicaragua had the
lowest (76.5%). Countries with low card coverage had more dramatic differences between cov-
erage according to card and recall versus card-only coverage. When considering the timing of
MMR vaccines, children in Mexico had an average of 483 days at risk after age 13.5 months;
this was higher than the average in Panama (158 days) and Guatemala (187 days). If children
were “caught up” with the vaccination scheme, the potential coverage of MMR in Panama
could be 97.1% as compared to the 77.3% observed.

Table 6 shows the distribution of child, maternal, and household characteristics between
children with and without a missed opportunity for MMR vaccination, by country. Younger
age groups were less likely to have a missed opportunity. After adjustment for potential con-
founders, younger children remained less likely to have a missed opportunity. In Panama, chil-
dren from households in higher expenditure quintiles were more likely to have a missed
opportunity than those from the poorest (OR 1.623, 95% CI: 1.064-2.475), accounting for
other factors (Table 7). In Nicaragua, compared to children of mothers with no education, chil-
dren of mothers with primary education and secondary education were less likely to have a
missed opportunity (OR 0.458, 95% CI: 0.239-0.878 and OR 0.251, 95% CI: 0.0965-0.652,
respectively) (Table 7). In El Salvador, children of partnered women were more likely to have a
missed opportunity than those with single mothers.

Fig 1 shows the observed days to MMR vaccination compared to potential days to vaccina-
tion if children were caught up, between countries and among all countries. The greatest
increase in vaccination over time occurred during the recommended vaccine interval; vaccina-
tion rates level off after children reach 2 years. Differentiation between observed and potential
days to MMR vaccination was largely gained before the child is 2 years. The days at risk could
be most reduced in Mexico if missed opportunities were avoided.

Cox proportional hazards models for MMR vaccination are shown in Table 8. Country
fixed effects remain significant in all models. Education was not significantly associated with
days to MMR vaccination. MMR coverage of children attending health facilities by stocks of
MMR and ORS are presented in Table 9. When categorized in this way, MMR coverage did not
vary in most countries. The exception was Mexico, where MMR coverage among children
attending facilities with ORS (46.2%) was significantly higher than those without ORS in stock
(22.5%).
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MMR Immunization in Mesoamerica: Potential Coverage and Days at Risk

Table 5. Coverage cascade of MMR by country.

Country

El
Salvador

Guatemala
Honduras
Mexico
Nicaragua
Panama

* Coverage for children 13.5-59 months.

Number
of
children
aged
0-59
months

3,457

5,191
3,022
6,301
2,201
2,062

Proportion
owning
health card
(%)

91.2

83.0
86.7
85.0
76.5
81.0

MMR MMR MMR Mean Total Potential Mean Total
coverage coverage coverage days person- card-only potential potential
according according according to atrisk days at MMR days at person-
tocard and tocardonly cardonly risk coverage risk days at
recall (%) * (%) *t considering (%) * risk

timeliness (%)

*}
90.9 77.3 56.8 347 779,251 96.4 239 410,256
84.9 77.5 64.0 187 601,468 80.7 148 433,871
93.8 79.6 66.9 217 451,916 83.2 152 290,203
73.5 44.6 38.7 483 2,031,114 85.6 185 315,540
90.7 66.1 52.9 241 322,216 70.8 170 209,967
88.1 72.0 66.2 158 219,270 78.9 92 92,895

1 Excluding children without vaccination cards. If the child has completed the number of required doses for age, they are considered compliant.
I Excluding children without vaccination cards. If the child has completed the number of required doses for age and not before the eligibility window, they

are considered compliant.

doi:10.1371/journal.pone.0139680.t005

When we examined what vaccines were given during a visit with a MMR missed opportu-
nity, the patterns varied by country. Oral polio vaccine had the highest percentage of vaccines
given when MMR was not in El Salvador (46.7%), Guatemala (56.1%), and Nicaragua (44.4%).
While hepatitis A accounted for 48.9% in Panama, pneumococcal for 32.9% in Mexico, and
diphtheria, pertussis, and tetanus (DPT) for 41.0% in Honduras (S3 Table). Moreover, MMR
coverage would have increased by 38.5%, 30%, 24.2%, and 25.4% if no missed opportunity
occurred in year 1, 2, 3, and 4, respectively.

Discussion

Our study, based on large surveys in poor areas of Mesoamerica, exposed high levels of missed

opportunities to immunize children. Our finding is concerning, as it indicates that families are

bringing their children to health facilities, but serious problems in current immunization prac-

tices and protocols exist in poor areas in Mesoamerica. Our study emphasizes the need for pro-
grams to ensure that vaccines are available and that health professionals use every opportunity

to vaccinate a child.

Missed opportunities to vaccinate children during health care visits or the failure to admin-
ister needed vaccines during a visit lead to lower national vaccination coverage levels. Using all
clinical encounters to screen for needed vaccines and, when indicated, to immunize has been
recommended by medical and public health experts since 1992 [9]. However, one limitation of
our study is that we calculated missed opportunities using only vaccination visits, as data on
other health care visits were not available. Moreover, we do not have data on whether a mother
or other relative brought a child to a clinic during health visits for the parent or a sibling. Using
all visits as possibilities for vaccination would result in increased coverage in children and sub-
sequently less morbidity and mortality.

The findings we report could be explained in a number of ways. First, missed opportunities
could be a result of a shortage of vaccines; the MMR vaccine may simply not have been avail-
able on the day of the visit. Our findings call for more attention to the shortage of vaccines at
health facilities. However, country-level shortages and problems with supplies and logistics are
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Observed number of days to MMR vaccination

1.00

0.754

0.50

0.254

0.00 +

—

T T
1110 1475

60 380
Days of observation
GTM HND
MEX NIC
PAN SLV

Potential number of days to MMR vaccination

1.00

0.754

0.50 +

0.25

0.00 4

/4,_.*

T T
1110 1475

Days of observation

GTM
MEX
PAN

HND
NIC
SLV

Potential and observed number of days to MMR vaccination

1.00

0.75+

0.50 4

0.25

0.00

T T T
60 380 745 1110 1475
Days of observation

Missed Opportunities Observed

PLOS ONE | DOI:10.1371/journal.pone.0139680 October 27,2015

13/18



@’PLOS ‘ ONE

MMR Immunization in Mesoamerica: Potential Coverage and Days at Risk

Fig 1. Days to MMR vaccination: observed time to vaccination and potential time to vaccination given
missed opportunities by country and pooled*. * Adjusted Kaplan-Meier estimation of the time to MMR
vaccination among children with a vaccination card. Covariates are adjusted to the median value across the
entire sample; results represent female children age 2 years whose mothers have primary education and are
literate, are age 20—34 years with 2—3 children, are homemakers, and are living in a household in the third
household expenditure quintile with 23.8% of assets, a male head of household, a household size of five, in a
rural area. Vertical red lines indicate the time window in which MMR was considered on time (11.5-13.5
months of age). Labeled days of observation represent the following time points: 0 days = first day that a child
is eligible for MMR vaccination (11.5 months of age); 60 days = end of MMR eligibility window (13.5 months);
380 days = age 2 years; 745 days = age 3 years; 1110 days = age 4 years; 1475 days = age 5 years, the
oldest age at which a child was included in the sample.

doi:10.1371/journal.pone.0139680.g001

tractable, manageable challenges. Measures to request vaccines periodically and safety mecha-
nisms to request supplies when stocks are low, can ensure availability. The business model of
supply and demand may also be a means to improve logistics. Through SM2015, countries
may learn from each other by discussing these challenges and success stories across
Mesoamerica.

Second, reluctance to administer immunizations when a child is ill, failure to immunize at
all well-child care visits, and inadequate knowledge of current immunization schedules may
also be major reasons for missed opportunities to immunize [10-14]. Efforts to decrease
missed opportunities that focus on changing physician knowledge have had variable success.
Siegel et al. showed that, despite reporting a good knowledge of contraindications to immuni-
zation, physicians were still reluctant to administer vaccines at acute care visits when vaccina-
tion was not contraindicated [12]. Reminders have been shown to be effective at changing
physician behavior. Szilagyi et al. showed that screening by nurses at the time of the visit and
attaching reminder cards to the chart increased the rate of vaccine administration by providers
[14]. Computer-generated reminder systems can improve the performance of practicing physi-
cians. The most common and effective type of reminder system is a patient-specific report,
which is made available to the physician at the time of an encounter. Automatic computerized
reminders have increased compliance with standards, significantly reduced physician error,
and improved health care outcomes [15,16]. Our findings suggest that the number of immuni-
zation visits could be reduced by properly using all visits to administer a necessary vaccine.

Third, physicians and other health professionals may not be paying due attention to record-
ing immunizations. Although it is possible that they do not document vaccinations, this would
not explain the large differences between potential and actual immunization. It is also possible
that health professionals record immunization, even when no immunizations are given.
Regardless, it is important to inform health professionals of adhering to best practices in
record-keeping. Monitoring missed opportunities may also be warranted.

Finally, our finding that immunization coverage was lower when facilities did not have a
shortage on the day of our facility interview deserves further attention. One would expect more
coverage for facilities with no shortage. However, the high coverage among facilities with short-
age may indicate that facilities provide the vaccine when available but tend to run out of it.
This highlights supply issues rather than errors by the medical team and needs further
investigation.

Our finding of low coverage for MMR is Mesoamerica is puzzling. Indeed, with such a cov-
erage one would expect outbreaks in the region. Therefore, it is possible that such outbreaks
are not captured or herd immunity in the region may be achieved at a lower rate of coverage. It
is more likely that the first is more likely. Hence, our study calls for improving the surveillance
systems in place to better detect outbreaks.

PLOS ONE | DOI:10.1371/journal.pone.0139680 October 27,2015 14/18
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Table 8. Cox proportional hazard model for MMR coverage®.

Model 1 Model 2
N = 13311 N = 13006
Hazard Cl Hazard Cl
ratio ratio
Model 1 covariates Missed Opportunity 2.468*** [2.232,2.729] 2.470%*** [2.232,2.733]
Country Guatemala 1.000 (ref) 1.000 (ref)
Honduras 1.042 [0.947,1.147] 1.035 [0.938,1.142]
Mexico 0.669*** [0.620,0.723] 0.673*** [0.619,0.731]
Nicaragua 0.829*** [0.746,0.921] 0.822*** [0.739,0.915]
Panama 1.222%%* [1.114,1.339] 1.254*** [1.125,1.398]
El Salvador 0.678*** [0.619,0.744] 0.640*** [0.568,0.721]
Female 0.985 [0.940,1.031] 0.986 [0.942,1.032]
Attained education  No education 1.000 (ref) 1.000 (ref)
Primary education 1.032 [0.969,1.099] 0.995 [0.928,1.067]
Secondary education or higher 1.023 [0.945,1.107] 0.970 [0.884,1.063]
Age in years Age 15-19 1.000 (ref) 1.000 (ref)
Age 20-34 0.963 [0.856,1.084] 1.016 [0.899,1.148]
Age 35-49 0.908 [0.799,1.033] 0.997 [0.861,1.154]
Child characteristics Age in years 0 years N/A
1 year 1.000 (ref)
2 years 0.836*** [0.778,0.898]
3 years 0.820%** [0.762,0.883]
4 years 0.809*** [0.748,0.875]
Maternal characteristics Literate 1.077* [1.011,1.146]
Parity 1 child 1.000 (ref)
2-3 children 0.992 [0.919,1.070]
4-5 children 0.944 [0.855,1.042]
6 + children 1.005 [0.882,1.145]
Marital status Single 1.000 (ref)
Married 0.945 [0.813,1.099]
Union 0.957 [0.831,1.102]
Divorced, separated, widowed, other 0.988 [0.849,1.148]
Employment status  Employed and working 1.000 (ref)
Homemaker 1.122 [0.983,1.281]
Employed but not working, student, retired, 1.122 [0.876,1.438]
disabled
Household Expenditure Quintile 1 1.000 (ref)
characteristics quintile
Quintile 2 0.975 [0.899,1.057]
Quintile 3 0.942 [0.854,1.039]
Quintile 4 0.998 [0.916,1.088]
Quintile 5 0.930 [0.838,1.032]
Average asset index 1.110 [0.827,1.491]
Average household size 0.987 [0.971,1.003]
Urban household 0.943 [0.860,1.033]
Female head of household 0.983 [0.891,1.086]

Cl: confidence interval.

95% confidence intervals in brackets

tModels adjusted for all variables indicated in the column
* p<0.05

*** p<0.001

doi:10.1371/journal.pone.0139680.t008
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Table 9. Estimates of MMR coverage among children attending health facilities based on MMR stock and ORS stock*.

Guatemala N
%

Honduras N
%

Mexico N
%

Nicaragua N
%

Panama N
%

Number
of
facilities

42

55

23

19

17

Stock of MMR

Provision of oral rehydration salt (ORS)

MMR coverage MMR coverage MMR coverage Number MMR coverage MMR coverage

among children among children among children of among children among children

attending attending facilities attending facilities facilities  attending attending facilities

facilities with with MMR out of with MMR stock-out facilities with with ORS out of

MMR in stock on  stock on day of in three months ORS in stock on stock on day of

day of survey survey [95% CI] prior to the surveyt day of survey survey [95% ClI]

[95% CI] [95% CI] [95% CI]

1237 4 74 61 1433 132

64.4% [60.6— 73.4% [0-100%] 71.1% [64.0-78.3%] 64.7% [61.1— 66.5% [54.9—

68.2%] 68.3%] 78.2%]

826 127 0 58 900 76

69.0% [64.1— 72.2% [66.3-782%] - 69.3% [64.7— 73.6% [61.3—

73.9%)] 74.0%] 85.9%]

555 139 75 28 605 196

34.5[25.1-44.0%] 58.6% [32.0— 50.1% [25.9-74.3%] 46.2% [34.3— 22.5% [11.5—
85.1%] 58.1%] 33.4%]

425 34 0 25 384 87

45.5% [38.5— 60.8% [43.9— - 48.2% [40.1— 44.2% [32.2—

52.5%] 77.7%]) 56.3%] 56.1%]

711 37 32 30 706 239

72% [67.4-76.6%] 72.3% [59.3— 71.7% [31.5-100%] 71.6% [65.7— 74.7% [68.2—
85.3%] 77.5%] 81.3%)]

MMR: measles, mumps, rubella vaccine. ORS: oral rehydration salts.
*Excluding children without health cards. If the child has completed the number of required doses for age with proper time interval and not before the

eligibility window, they are considered compliant. Children are matched to health facilities based on caregiver-reported usual location for vaccination as
matched to the baseline measurement of the SM2015 Health Facility Survey. El Salvador is not included because usual facility for vaccination was not

ascertained.

tAmong health facilities that had MMR in stock on the day of the survey.

doi:10.1371/journal.pone.0139680.t009

The low MMR coverage in Mexico led us to further investigation. In Mexico, the measles
and rubella (MR) vaccine is recommended as a booster for children. When we combined
MMR and MR, the coverage went up from 44.6% to 75.2%. Days at risk declined from 483 to
274 while potential days at risk declined from 185 to 153. This suggests that physicians pro-
vided MR in lieu of MMR when it was unavailable. In fact, 1,430 children received MR and had
no record of MMR, although no clear patterns by facility were observed.

Children at risk for measles, mumps, and rubella pose a significant public health problem.
Measles is an extremely contagious disease transmitted through respiratory droplets or aerosol-
ized droplet nuclei, and the virus remains infectious within closed spaces for hours [17]. Before
the introduction of an effective vaccine in 1963, all children were expected to contract the dis-
ease after the first exposure. In 1999, with 90% coverage of one dose of measles-containing vac-
cine by 35 months of age and the introduction of a routine two-dose schedule before school
entry, only 100 cases of measles disease were recorded among children in the United States
[18].

Coverage of this nature will increase, and days at risk will decrease, if we avoid missed
opportunities and administer vaccines at the required intervals [19]. Our analysis included
only vaccination visits; if we used all clinic visits, the potential coverage increases would be
higher and the days at risk lower [19]. Also, only children with vaccine cards were included in
our measure of potential coverage; those without vaccine cards likely are unvaccinated.

PLOS ONE | DOI:10.1371/journal.pone.0139680 October 27,2015
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Our findings are the first representative data available on missed opportunities for vaccina-
tion in poor areas in Mesoamerica. SM2015 data and this analysis provide unique population-
based estimates of vaccination coverage against which prevention efforts may be evaluated.

As we confront the challenge of improving vaccination coverage, it is important to use all
health visits to vaccinate or promote vaccination. Vaccination coverage for all antigens will
increase by avoiding missed opportunities. For coverage to increase and for elimination to be
achieved, a wide range of participants have to be involved, including parents, nurses, pediatri-
cians, and other health providers. Development and implementation of effective public health
strategies to limit missed opportunities for vaccination are urgently needed.
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