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Background: Missed opportunities for immunization (MOIs) may contribute to low coverage in diverse
settings, including developing countries.

Methods: We conducted a systematic literature review on MOIs among children and women of childbear-
ing age from 1991 to the present in low- and middle-income countries. We searched multiple databases
and the references of retrieved articles. Meta-analysis provided a pooled prevalence estimate and both
univariate and multivariate meta-regression analysis was done to explore heterogeneity of results across
studies.

Results: We found 61 data points from 45 studies involving 41,310 participants. Of the 45 studies, 41
involved children and 10 involved women. The pooled MOI prevalence was 32.2% (95% Cl: 26.8-37.7)
among children - with no change during the study period - and 46.9% (95% Cl: 29.7-64.0%) among women
of child-bearing age. The prevalence varied by region and study methodology but these two variables
together accounted for only 12% of study heterogeneity. Among 352 identified reasons for MOlIs, the most
common categories were health care practices, false contraindications, logistic issues related to vaccines,
and organizational limitations, which did not vary by time or geographic region.

Conclusions: MOI prevalence was high in low- and middle-income settings but the large number of
identified reasons precludes standardized solutions.
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1. Introduction

After the Global Advisory Group of the World Health Organi-
zation (WHO) recommended the strategy of immunizing at every
opportunity in 1983, protocols were developed for evaluating the
magnitude and risk factors for missed opportunities for immu-
nization (MOI) by WHO [1]. It defined a missed opportunity as an
occasion when a person eligible for immunization and with no valid
contraindication visits a health service facility and does not receive
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all recommended vaccines. Following the publication of a system-
atic review on missed opportunities during 1993 [2], the goal was
set to achieve full immunization of 90% of the world’s children by
2000. This goal has not been achieved as of 2013, and one of the
major contributors is MOIs [3].

The objective of our study was to perform a systematic literature
review to assess the prevalence of missed immunization opportu-
nities in low- and middle-income countries since publication of
the last summary review during 1993. We focused on children and
women of child-bearing age - as these are the target groups for
publicly funded immunization programs in the evaluated coun-
tries — and assessed the importance of temporal and geographic
variations.

2. Materials and methods
2.1. Database search

Two authors (SS and NM), conducted the database search and
data extraction. We included searches of the following: PubMed,
Cochrane, Popline, WHO regional databases (LILACS: Latin Amer-
ican and Caribbean; IMSEAR: Index Medicus of South East Asian
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Region; PAHO: Pan American Health Organization; WPRIM; West-
ern Pacific Region Index Medicus; IMEMR: Index Medicus Eastern
Mediterranean region), the African Journal Online (AJOL), and
Google Scholar. Databases requiring paid access (EMBASE, CINAHL
etc.) were not included because of budget constraints; despite this,
after consultation with the WHO librarian, the authors considered
that the included databases were likely to have identified all or the
great majority of relevant manuscripts.

Our goal was to include immunization terms combined with
practices, services and type of study. Our search terms included
“immunization” OR “vaccination” (or any of numerous synonyms)
in combination with “Health Knowledge, Attitudes, Practice”
OR “Attitude of Health Personnel” OR “Immunization/trends”
OR “Immunization/utilization” OR “Immunization/physiology” OR
“Vaccination/psychology” OR “Vaccination/trends” OR “Vaccina-
tion/utilization” OR “Preventive Health Services/trends” OR “Health
Services/trends” OR (“Health Services/utilization” AND “Epidemi-
ologic Studies”) OR “Follow-Up Studies” OR “Health Surveys” OR
“Data Collection”. For PubMed, MeSH (Medical Sub-headings) was
used to help expand the search. These terms were then combined
with the names of individual low- and middle-income coun-
tries. Additional manuscripts in French papers were searched on
Google using the terms ([Opportunité] AND [manquée/perdue]
AND [vaccination/immunization]) OR (Perte AND opportunité AND
vaccination).

2.2. Inclusion criteria and selection process

We included studies that measured the magnitude or described
the reasons for missed opportunities in children (0-18 years) or
woman of childbearing age in low- or middle-income countries (as
defined by the World Bank during 2013) after 1991. Only studies
in English, Spanish, French and Portuguese were included based on
staff translation capacity.

Following pilot testing of the selection form, two independent
reviewers reviewed in a stepwise fashion the title, abstract, and full
text using Distiller Software (Fig. 1). Discrepancies were resolved
through consensus. The references of allincluded manuscripts were
searched for additional manuscripts. As indicated in Fig. 1, we had
three ancillary searches. The African Journal Online database was
searched for the terms “missed” AND “immunization” AND “oppor-
tunities”; this led to 53 results, of which three manuscripts were
included after title abstract and full text screening. The Google
search for French references yielded 30 results, of which four
manuscripts eventually were included. Lastly, a secondary PubMed
search using the term “missed immunization opportunities” led to
307 results and seven included manuscripts.

2.3. Quantitative data extraction

0Of 59 [4-62] identified manuscripts, 45 [4-48] were included in
quantitative analysis. These 45 studies included data on the num-
ber of persons with MOI as well as the total population under study
eligible for vaccination (N), regardless of study methodology. Study
participants were considered to have a MOI if they visited a health-
care facility, were not up-to-date on recommended immunizations,
and did not receive recommended immunizations irrespective of
the number of visits. The total population (N) eligible for vacci-
nation equaled the sum of persons who were fully or partially
vaccinated, those who had false contraindications for vaccination,
and those with missed opportunities. Some manuscripts provided
more than one data point, for example data for multiple countries
(one report from South America had information on 10 countries)
or for both women and children. For these cases, we included each
data point separately in analysis (Table 1).

2.4. Qualitative data extraction

Qualitative data included reporting source, definition of missed
opportunities, reasons for MOlIs, and limits and quality of data.

2.5. Statistical analysis

All analyses were carried out in Stata version 12. Prevalence was
calculated directly from manuscripts as a ratio of the number of
children or women with MOIs divided by the total eligible pop-
ulation and the standard error calculated. Pooled estimates were
calculated during meta-analysis using the metan command [63]
in Stata on the prevalence and standard error. Heterogeneity was
explored statistically using Cochrane Q and I2 values, a statistic that
quantifies the degree of inconsistency across studies in a meta-
analysis on a scale ranging from O to 100%. A random effects model
was used for weighting because of a high level of heterogeneity
between studies. Results were stratified by WHO region, year of
the study (time trend), methodology, and age group of children.

Eight variables in the dataset were reported commonly enough
to be evaluated as potential covariates. Bivariate regression analysis
was performed to establish the association between each of these
variables and the prevalence estimate. Variables associated with
missed opportunity prevalence with a p-value <0.05 on bivariate
analysis were included in a meta-regression analysis [64]. Meta-
regression was performed with the “metareg” command using
prevalence as the outcome variable. All analyses were done sep-
arately for women and children.

2.6. Quality assessment

No standard method exists for assessing data quality in
descriptive reports. Consequently, we developed the following
methodological quality scoring system based on four variables:

e Location: health center based but no details given as to the nature
of the site =0; retrospective community-based = 1; health center
based and details provided =2.

e Methodology: recall/no immunization cards=0; immunization
cards =1; exit interviews/health center records = 2.

e Definition of missed opportunity used in the study: non-WHO
definition =1; WHO definition = 2.

e Sample size: <500=0, 501-1000=1, >1000=2.

The study authors developed the scoring system and infor-
mation for all variables was extracted from the manuscripts
themselves. The scoring system was developed as a means of stan-
dardizing bias assessment and to account for the lack of explicit bias
assessment in most of the included studies. We considered that
community-based household surveys due to their retrospective
nature were more susceptible to recall bias than studies conducted
in health centers. With respect to study methodology, we consid-
ered that exit interviews combined with health center records had
the least bias in assessing immunization status. With respect to MOI
definition, we considered that use of the WHO definition was less
biased than an ad hoc definition, although we recognize no empiric
data support this decision. These first three variables were used as
measures of study validity, while the final variable was used as a
measure of study precision. To calculate the total score, we summed
values for these four variables.

3. Results

We identified 59 studies from 31 countries and 6 WHO regions
(Supplemental Table 1). Of these, 45 studies (containing 61 data
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Database Search (6983):

Pubmed (n=2365), Cochrane (n=1375),
POPLINE (n=622), LILACS (n=108),
AFRO (n=178), PAHO (n=1816),
IMEMR (n=242), WPRIM (n=185),
IMSEAR (n=92),

/

6476 manuscript titles screened |

>I Removal of duplicates

3850 excluded (not relevant, animal studies,

v

2626 included for abstract screening |

| serological studies, etc.)

2537 excluded (Serological studies,

{

s | efficacy studies, before 1991, studies in
high income countries.)

89 included for full text screening
44 excluded (No information on MIO, not
« | based on EPI, studies in high income
“"| countries, could not obtain the full article,
45 included through distiller. |
Additional manuscripts outside Distiller*:7
> (from references of selected manuscripts) + 3
~ (AJOL) + 4 (French search)+ 7 (2nd search
in PubMed)** + 3 (Google search)
69 manuscripts (read for inclusion and
exclusion criteria)
« | 10 excluded: could not be translated or did
“" | not have data meeting inclusion criteria

59 manuscripts finally included

Table 1

v

43 manuscripts with qualitative
and quantitative data

14 manuscripts with only
qualitative data

2 manuscripts with only
quantitative data

Fig. 1. Flow chart representing results of the systematic review.

The prevalence of missed opportunities for immunization by vaccine type.

Country Setting BCG (%) DPT (%) Measles (%) OPV (%)
India [45] Population based 37.1 31.2 - -
Ghana [22] Not specified - - 75 -
South Africa [20] Mixed? - - 15.7 -
Papua New Guinea [46] Tertiary hospital 15 36 26 36
South Africa [17] Population based 5.1 358 358 358
Guinea [16] Population based 8 18 15 18
South Africa [15] Mixed - - 16.2 -
Brazil [34] Tertiary hospital 0.4 19 6.4 134
India [43] Population based - - 15.3 -
Philippines [47] Tertiary hospital 0.3 4.9 4.9 3
Nigeria [25] Tertiary hospital 5 48 70 46.7

2 Mixed refers to mix of various types of hospitals (primary, secondary and tertiary care centers).
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%
Author Year ES(95%Cl) Weight
MaxOetal 1905 —e- 022(0.19.037)  1.89
C.A Metcalfet al 1293 ! 0.24(0.20,029 1.9
J.JDyer 1283 —e-1 0.27(0.20,033) 194
David Harrison et al 1893 -+ : 0.12{0.09.0.15 19
D Yach etsl 1990 . * 1 0.16{0.14,0.18) 198
Weekly epidemiclogical record, WHO 1280 * | 0.04(0.03, 005 199
D Hipgrave 1892 o 0.33{0.33,043) 198
Dr. Bernard Ochieng Gwer 2010 - 1 0.24(0.19, 0.29) 198
MU. Ansh et sl 2008 ) ea 039(0.%,043 1%
Ubsjsica FC et al 2012 - 0.17{0.13,021) 197
BN Tagbo & C Omwuasigwe 2008 - 1 015{0.12,019) 197
AD Daly etal 2003 — 026(0.20,03) 198
P Talani et al 2000 ~“ 0.13(0.09.0.17) 197
Jagrsti V Jani et al 2008 - 0.28(0.22 029 197
F. Tugumisirize et al 2002 T 0.38(0.22,048) 187
D.F. Dammann & G.C. Sclarsh 1892 - 017{0.12.022 1.9
F TCutts etal 1291 — 0.31(0.25,0.38) 194
Abdukrsheem et al 211 ol 0.31(0.28,035) 197
Rusiri Brugha 1285 - | 021(0.17,026) 1.98
Ans berto Mclinet Careras 2011 -+t 029{0.25,033) 197
Angela S. Getile et al 2012 * 0.31(0.29,033) 198
PameraCristaletal 2009 -1 025(0.21,028) 197
Luis CRey 1598 —— 0.32(0.31,048) 122
IMaria de Ios Angeles Rodriguez 2001 - 0.32(0.28,038) 197
Elianade Faima Paulo 2010 e 038{0.31,044) 1.9
Dres T. Rodriguez 2001 — 0.24{0.16,032) 190
Dra. Angela Gnetile et al 2011 . | 020(0.12,022 1%
Maria de los Angeles Rodriguez1 2001 ! E 0.67(0.64,070) 198
Maria de lcs Angeles Rodriguez2 2001 : + . 0.48 (0.45, 0.51) 1.98
Maria de los Angeles Rodriguez3 2001 > - 052{0.49,055 197
Iaria de los Angeles Rodriguezd 2001 . —— 053{0.46,080) 192
Maria de los Angeles Rodriguezs 2001 * 034(031,037) 198
Maria de los Angeles Rodriguez8 2001 o 0.45{0.42,0.48) 1.98
IMaria de los Angeles Rodriguez7 2001 \ b 0.51{0.48, 059 198
Naria de los Angeles Rodriguez8 2001 ea 0.45{0.41,049 198
IMaria de los Angeles Rodriguez® 2001 o . 0.40{0.37,043) 197
IMaria de los Angeles Rodriguez1d 2001 1 * 065{(0.64,068) 198
IMaria de kos Angeles Rodriguezi 201 1 + 0.51(0.48, 0549 1.98
Report 2003 — 0.13{0.06,0.19) 198
Jesnette J. Rainey et sl 2009 -* : 017{0.15,0.19) 198
N. Deivansysgsm et sl 1894 i 029{0.26,033) 197
Mamta Muranjsn et sl 2011 + 0.19{0.17.021) 1.9
Devendra Kumar et al 2010 1 4~ 022 {0.78, 0.88) 1.97
S. Nuirupam 1890 - 030{0.27.03 198
Patel TA & Pandit NB 2013 - 0.33{0.31,0.38) 1.9
Hanmanta W adgave snd Prasad D Pore 212 - 0.36{0.31,040) 196
Renu Deshpande 2001 - 1 ) 015{0.11,019) 197
Jonsthsn G Lim 203 1 —— 0.50 (043,057 193
Philip Douglas Wstt 1293 * | 0.18{0.17,020) 198
Sebahat D Torun and Nadi Baicirci 2008 - 1 0.01(000,003 19
B.P. Loevinsohn & E. Garesbslish 1992 1 —— 0.64{0.58,0€9) 195
Overall (l-squared = 29.4%, p=0.000} ? 0.32(0.27,0.33)  100.00
W einhts are sffieds sis ] T
-1 0 1

Fig. 2. Forest plot showing the pooled prevalence estimates of missed opportunities for immunization among children.

points) had data available for quantitative and 57 for qualitative
analysis (Supplemental Table 2). Of the 61 data points available for
quantitative analysis, 48 had data from health services-based stud-
ies (including 46 based on exit interview and 2 on hospital record
surveys) while 13 were from population based studies (including 4
based on vaccination card review and 9 based on card review plus
interviews). The majority of studies reported data for children (51
out of 61 data points used for quantitative analysis) and for this
reason most analyses were performed only for studies with data
on children.

3.1. Quantitative results in children

For the 51 data points available for children, the prevalence
of MOIs ranged from 1.3% in a study in Turkey [4] to 82% in a
study in India [5]. The pooled MOI prevalence estimate was 32.2%
(26.8-37.7) (Fig. 2). MOI prevalence was modestly higher in the
Americas than in Africa and Southeast Asia (Fig. 3). Most of the
studies in the African, American, and Southeast Asian regions mea-
sured MOI prevalence using exit interviews (Fig. 4), following WHO
recommendations.

We did not identify any increase or decrease in MOIs over
the study period (Fig. 5). To control for potential confounding by
unmeasured factors that varied by country, we evaluated three
individual countries from three different WHO regions that had
at least six data points. While we found a slight increase in preva-
lence in South Africa [10,15,17,19-21] and India [5,8,41-45] and a
decrease in Brazil [31,34,35,39], none of these changes were statis-
tically significant.

Of 26 studies with information available on setting, 19
[5,9,11,12,14,15,18,20,22-24,31,34,38,39,42,44,46,47] measured
missed opportunities only in a curative setting, 4 studies only in a
preventive setting [13,33,35,45] and 3 in both settings [8,10,25].
The pooled prevalence estimated in the curative setting was 33.4%
(95% Cl: 23.8-43.0) and in the preventive setting was 17.8% (95% CI:
9.4-26.1). When considering only the three studies that measured
data in both settings, no difference in pooled prevalence was seen.

Eleven studies [15-17,20,22,25,34,43,45-47] reported MOI
prevalence by vaccine type (Table 1). Of these, six studies included
all of the following vaccines: BCG, DPT, measles and OPV. With the
exception of one study in India, BCG (recommended for use during
the newborn period) had the lowest prevalence while patterns for
other vaccines varied by study.
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Prevalence of missed opportunities for any immunization among persons
age <18 years in developing countries, over time
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Fig. 3. Prevalence of missed opportunities for any immunization among persons age 0-18 years in developing countries, over time.

3.2. Risk factor analysis in children

During bivariate analysis, there was an association (p<0.05)
between MOI prevalence and region of study, methodology, and age
group of the population. Age group categories, however, were not
mutually exclusive (that is, studies using differing and overlapping
age group categories) making it impossible to include this variable
in a multivariate analysis. In the final meta-regression, both study
methodology (p=0.089) and study region (p=0.048) were associ-
ated with MOI prevalence to approximately the same degree. The
final model R-square was 12%. A second model was created with
year of study entered as a dichotomous variable based on pre-2005
and post-2005, but this did not change results.

3.3. Women of reproductive age

Ten studies provided 10 data points for women of reproduc-
tive age. The pooled MOI prevalence was 46.9% (Cl: 29.7-64.0%)
and ranged from 11.6% in a study in Ethiopia [6] to 88% [7] in a
study in Swaziland. Six data points derived from the African region

100%

[6,7,18,23,29,30], two from the American region [31,40] and one
study each from the Southeast Asian [42] and European regions
[48]. Of the 10 data points, seven were collected using the exit
interview methodology.

3.4. Reasons for missed opportunities for immunization

We included 57 studies in the analysis of reasons for missed
opportunities. These studies reported 352 reasons for children
and women of reproductive age. These reasons were categorized
as related to service providers, the parents, and the immuniza-
tion system (Table 2). Among children, most reported reasons
were categorized as related to service providers and parents.
Lack of availability of vaccines and other logistic problems
were less commonly reported. Economic barriers were rarely
reported.

Of the 10 articles with information on women of childbear-
ing age, four had information exclusively on women (specifically,
for tetanus toxoid vaccine). The reasons mainly revolved around
healthcare practices of the providers and logistic problems.

1 V772 ]

90%

80%

70%

% Hospital record

60% +——

m Household survey

50% +——

without card

40% +——

m Household survey
with card

# Exit interviews

30% +——

20% +——

10% +——

0% T T T
Africa (n=25) Americas (n=23)

(n=8) (n=2)

Southeast Asia Western Pacific

T T ]
Europe (n=2) Eastern
Mediterranean
(n=1)

Fig. 4. Methodology used to assess missed opportunities for immunization for six World Health Organization Regions.
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Table 2

Reasons for missed opportunities for immunization among children and women of

reproductive age-group.

1. Children 317

—_

_ae e = =S NN NN WA N0 oW

Immunization cards not reviewed
Immunization history not reviewed
HCP reluctant to open vaccine vial
Immunization not offered

Delays

Referral to clinics or other services
Lack of interaction and communication
Negative attitude of HCP

No administration of vaccines simultaneously
No advice to vaccinate

Practices (not detailed)

Negative attitude from the HCP

Not following the new policy

Patients discharged

Reminder not given by the health staff
Wrong immunization history

‘

Immunization cards not available 1
Children did not report to the immunization staff

Forgetfulness in bringing the subjects to the vaccine providers
Maternal causes

No administration of vaccines simultaneously

Not following the new policy

Unavailable immunization card

_ o O

Not further detailed

Concurrent illness

Concurrent treatment for illness
Difficult birth

Low birth weight

Preterm birth

Underweight

Previous history of vaccine reaction

[ S <))

‘
_ e N WU

Concurrent sickness not otherwise specified 3
Concurrent infection

Not otherwise specified

Preterm birth

Concurrent treatment for illness

Under nutrition

‘ _N WO

Lack of time to perform immunizations given other provider duties 9
Lack of health staff 8
Long waiting time 7
Days designed for immunization limited 7
Need to separate preventive and curative services 4
Distance to center too far 3
Lack of orientation toward immunization 3
Poor communication about immunization 2
No schedule 2
Vaccination rooms not accessible 2
Lack of information 1
Lack of interaction 1
Lack of organization 1
Lack of physical space to perform immunizations 1
No days designated for immunization 1
Quality of health services 1
Schedules not communicated 1
Vaccination rooms far from consultation rooms 1

Lack of vaccines (out of stock, not accessible to curative services) 2
Logistical problems not otherwise specified

Closed room

Cold chain failures, poor stock control

Irregular vaccine supply

Lack of adequate material

Lack of electricity

Lack of water

_ o e )

6875

Table 2 (Continued)

W

Lack of health care provider knowledge and awareness
Vaccination not seen as necessary

—_

Vaccination not seen as necessary

Lack of awareness

Lack of information on vaccine availability

Lack of parental awareness

Many children

Vaccination not seen as necessary for older children

_ e N

—_

Beliefs about side effects
Fears

—_

Concern about vaccine safety
Cultural plus religious reasons
Cultural reasons

Fears (unspecified)

Fears about side effects

_ e

Knowledge on cold chain management
About prescription of vaccinations

—_

Lack of knowledge (not specified)

Lack of knowledge about expanded program on immunization
Calendars not known

Days designated for immunization not known

- NN W

Negative attitude

Refusal

Refusal to deliver multiple doses
Vaccination not seen necessary

_ e

Refusal

Negative attitude of parents
Forgetfulness

Delays

Refusal of several doses

Stress

Vaccination not seen necessary

Lack of money 5
Lack of transportation 2
Lost daily wages 1

Other

Older child age

Lower maternal education
Place of delivery

Maternal unemployment
Older maternal age

Young maternal age
Child’s death

Lower paternal education
Marital status of mothers

N S R )

w
(5

Women of reproductive age

Immunization cards not reviewed
Immunization history not reviewed
Immunization not offered

No advice to vaccinate

Referrals

_ e m NN

Immunization cards not available 1
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Table 2 (Continued)

—_

Immunization not seen as a priority

Lack of motivation 3
Negative attitude of health care provider 1
2. Parents/recipients 2
Carelessness 1
Fear of being vaccinated during pregnancy 1

—_

1. Awareness: health care providers
Lack of awareness/knowledge

—_ -

2. Awareness: parents/recipients
Lack of awareness/knowledge 1

3. Beliefs: health care providers
Vaccination not seen necessary

—_ -

N

4. Knowledge: health care providers
Lack of knowledge
Schedules for immunization not known

—_ -

5. Knowledge: parents/recipients
Lack of knowledge (purpose, schedules)
Lack of knowledge about number of doses

[N

Days designed for immunization limited
Lack of information

Lack of time

Lack of communication

Lack of productivity

- = NN

Concern for the safety of women during early pregnancy 1
Menstruation 1

—_

Inefficient immunization record keeping system
Lack of vaccines 1

Lack of money 1

Pregnant and no previous children or only one child 1

Total 352

There were 173 reasons for MOIs cited before 2005 and 179
after 2005 (total =352). Reasons remained fairly constant over time
except that before 2005, 27% (n=173) of identified reasons were
related to health care provider practices whereas after 2005, this
number decreased to 11% (n=179). In the African region, 30%
of cited reasons were categorized as perceived contraindications
whereas in the Americas, this reason accounted for 11%. Among all
cited reasons in a curative setting, 24% were related to health care
provider practices; among all cited reasons in a preventive setting,
were related to parental perceived contraindications.

3.5. Quality assessment

Ofthe 61 data points, the mean quality assessment score was 6.0
out of a possible 8: three data points (5%) came from studies with
a score of 2 or 3; 15 (23%) had a score of 4 or 5; 32 (52%) a score
of 6 or 7; and 11 (18%) a score of 8. The mean score for children
was 6.1 (range 2-8) and for women of reproductive age 5.2 (range
3-7). The mean score for data points in Africa was 5.4 (range 4-8)
compared to 6.8 (range 4-8) for the Americas and 6.0 (range 2-8)
for Southeast Asia. Three of our data assessment score categories
evaluated bias; when considering only these three categories, the
mean score was 5.3 out of a possible 6 (range, 3-6). The remaining
score category measured precision; the mean score for this single
category was 0.7 out of a possible 2.
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Fig. 5. Scatter plot showing trend in the prevalence of missed opportunities for
immunization over time since 1991 (line shows fitted value).

4. Discussion

During 1993, WHO released its first report on missed immuniza-
tion opportunities globally, which identified a median prevalence
of 41% (range; 0-99%) in developing countries [2]. Several strate-
gies then were adopted to address this issue. In 2005, WHO and
UNICEF together published the Global Immunization Vision and
Strategy (GIVS) for the decade 2006-2015 [65]. According to this,
there was an increase in quantities of WHO prequalified vaccines
offered to UNICEF after 2003. However, assessment of individual
vaccine procurement by UNICEF shows a varying picture. Since
2003, the DTP procurement per year has been steadily falling and
in 2013, there was a reported shortage of 5 million doses which
was requested to be supplied [66]. By contrast the procurement of
Haemophilus influenzae type b conjugate and hepatitis B vaccines
from WHO increased since 2003 [67]. Also, by mid-2005, 53 coun-
tries, mostly in Asia and Africa, had begun implementing the RED
(Reaching Every District) strategy, which takes the district as its
primary focus and aims to improve equity in access to immuniza-
tion by targeting difficult-to-reach populations [65]. This strategy
focused on training for good immunization practices, timely collec-
tion of data on vaccine coverage and other vaccine-related activities
(logistics, supply, and surveillance), proper supervision of immu-
nization health workers, and involvement of communities in the
planning and delivery of immunization services.

Given these substantial efforts, it would have been reason-
able to expect a substantial decrease in the number of missed
opportunities. However, the median prevalence for missed oppor-
tunities among children in our review was 32%, which is only
modestly lower than the 1993 estimates. Moreover, no improve-
ment could be documented over the 22-year time horizon of the
current study. While studies from 2005 and later showed some
decrease compared to earlier studies, methodological differences
make conclusions difficult. This point is emphasized by the evalu-
ation of individual countries, which show no evidence of declining
MOI prevalence.

Additionally, efforts to increase immunization coverage do not
equate with efforts to reduce MOIs because these are in part
separate issues. For example, at the extreme, an area with high
curative care use combined with high but delayed coverage deliv-
ered entirely in preventive settings could lead to both high MOI
prevalence and high coverage.

We found higher MOI prevalence in the Americas than Africa,
despite the much greater level of economic advancement and
immunization infrastructure in the former area. The main reasons
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for missed opportunities were immunization services practices,
organization, and logistical barriers; all of these in theory should
drive prevalence higher in more disadvantaged African settings.
Methodological issues could explain some of the observed differ-
ence. For example, studies in the Americas were more likely to
use exit interviews; additionally, studies only included persons
who presented to health care facilities and thus by definition had
enough resources for health care access. However, it may also be
that missed opportunities do not occur primarily for economic rea-
sons in lower income settings where most persons receive vaccines
free of charge through national immunization programs, even if
other cost barriers to attending an immunization clinic exist. Con-
sistent with this observation, individual financial constraints were
rarely reported as a cause of MOlIs.

While studies evaluated missed opportunities in preventive and
curative services, only three studies simultaneously evaluated both,
and these studies found no difference by setting [8-10]. Neverthe-
less, we found different categories of reasons in the two settings,
suggesting that intervention strategies will need to be tailored.
Additionally, while the prevalence of missed opportunities may
be similar in each setting, the bulk of immunizations are deliv-
ered in preventive settings and the barriers to implementing more
complete immunization should be less in settings designed for
this purpose. Finally, if immunization delivery in preventive set-
tings functioned perfectly at all levels, no reason would exist to
deliver immunization in curative settings. Consequently, we think
the bulk of intervention efforts should focus on immunization
clinics.

While some reasons for missed opportunities were more com-
mon than others, no single reason, or even category of reason,
accounted for more than 25% of the total. This indicates that efforts
to decrease missed opportunities must be multifaceted. Efforts to
increase card retention would be useful and some strategies have
been successful [68]; alternatively, new technologies such as rapid
detection of biomarkers may identify children in need of vaccina-
tion [69,70]. Prefilled syringes or single-dose vials can overcome
reluctance to open multi-dose vials [71]. Social messaging and
provider training may address perceived contraindications. How-
ever, in settings with high mortality, not vaccinating children with
serious acute or chronic illness may do more good for the immu-
nization program as a whole even if it does not serve the interests
of the individual child; this is because deaths temporally but not
causally related to immunization nevertheless may be perceived
as causally related by parents or community members. Opportu-
nities exist to design better immunization systems that facilitate
immunization delivery both for providers and recipients. Examples
include SMS messaging [72], improved outreach strategies [73],
and better organization of immunization sessions with adequate
staff, time, and immunization rooms. For eligible countries, the
GAVI Alliance financing window for health system strengthening
could be used to support some of these activities. While we did not
identify large differences in categories of reasons between Africa
and Asia, it is likely that specific issues will be heavily influenced
by the local cultural context, especially with regards to attitudes
and beliefs.

While much overlap existed in reasons for missed opportunities
between the current review and that conducted during 1993 [2],
differences also were found. In particular, the 1993 review found
that a substantial proportion of missed opportunities resulted from
failure to administer vaccines simultaneously or patient refusal
while more recent studies rarely reported these reasons. Polyva-
lent vaccines could have contributed to a decline in the former,
as could better training of health care providers. Vaccine refusal
or hesitancy has been attributed to various factors and the rea-
sons range from individual or personal beliefs to contextual factors
like wars to vaccine specific adverse events. WHO has addressed

vaccine refusal over the last decade, which might have resulted in
studies infrequently citing patient refusal as a reason for MOI in
our study [74]. Regardless, the decline in two major reasons for
missed opportunities combined with little evidence of an over-
all decrease in missed opportunities prevalence emphasizes the
dynamic nature of this phenomenon. Consequently, decreasing
missed opportunities is likely to require ongoing monitoring for
new causes, particularly with the advent of social media, which can
greatly amplify the speed and penetration of concerns related to
immunization.

The main limitation of the current review was the highly
varied methodology. Identified studies varied in the definition
of missed opportunities, sample size, method of measurement,
population, location, and other features. The lack of a gold stan-
dard methodology for conducting such studies also made it
difficult to assess the degree to which methodology impacted
differences between studies. Many studies reported reasons for
missed opportunities as isolated events, whereas it is likely that
in most cases missed opportunities resulted from a dynamic web
of interrelated processes including system integration, communi-
cation between actors, culturally based concepts of immunization,
differing health and economic priorities, and other issues. We
identified a relatively small number of studies, which prevented
more robust comparisons by region, age, and study method-
ology. We do not know the representativeness of studies we
evaluated for other regions; in particular, studies tend to be con-
ducted in urban centers or countries with a richer history of
research.

Studies also were subject to a variety of biases. Selection bias
occurred in the selection of the study population and the selection
of cases within this population. For the former, studies frequently
used populations that were easily accessible even if they were not
representative of the underlying population. Across the studies, the
age group of the children that were studied varied considerably.
None of the groups were mutually exclusive. Cases selected for
inclusion varied by the definition used. While most studies used
the WHO definition (55 out of 61 data points), others used their
own definitions. For example, according to the standard MOI case
definition, persons who refused vaccination should be excluded,
but this was not done consistently across studies.

Information bias occurred in studies using different methods to
ascertain immunization receipt including immunization cards or
other written records as well as verbal histories. Within studies
relying on verbal histories, different persons provided this infor-
mation, which may have influenced data accuracy.

Lastly, despite our efforts to identify all relevant papers, a sys-
tematic review is inherently an imperfect process due toissues such
as differences in language use, something that likely is accentuated
with a non-standardized outcome such as missed opportunities for
immunization.

5. Conclusions and recommendations

Our data leads to several conclusions and recommendations.
Implementation of standardized methodology would facilitate
greatly comparison over space and time. Standardization should
include the study setting, population, and interview methodol-
ogy; the case definition should address explicitly issues such as
whether patient refusal is considered part of the definition; and
valid versus perceived contraindications should be identified. The
Pan American Health Organization released an implementation
manual [75] which gave a detailed definition of an eligible child,
vaccines to be considered, vaccination schedule, study design, sam-
ple size and study population. The manual might be improved
through inclusion of information on valid contraindications and
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a clear position on whether patient refusal is considered a MOI.
Finally, to be effective the manual needs to be implemented
widely.

More studies are needed to determine if specific vaccines or
presentation characteristics lead to more or fewer missed opportu-
nities. As public immunization programs expand outside of infancy
and pregnancy, studies will be needed on new target groups such
as toddlers, adolescents, and the elderly. Because of the great vari-
ety of reasons contributing to missed opportunities, immunization
professionals should identify interventions that could address vari-
ousissues simultaneously. Additionally, identification of a reported
reason for a missed opportunity does not necessarily mean that this
reason was a necessary condition and thus that appropriate inter-
vention would have eliminated the missed opportunity; to make
this link, a need exists for well-designed intervention research
including randomized trials [8,11].
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