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Summary
Background:  The  prevalence  of  childhood  vaccine-preventable  diseases  can  be
significantly  reduced  through  adherence  to  confirmed  vaccination  schedules.  How-
ever,  many  barriers  to  vaccination  compliance  exist,  including  a  lack  of  awareness
regarding  the  importance  of  vaccines,  missing  due  dates,  and  fear  of  complications
from  vaccinations.  The  aim  of  this  study  is  to  review  the  existing  tools  and  publi-
cations  regarding  vaccination  adherence,  and  to  propose  a  design  for  a  vaccination
adherence  application  (app)  for  smartphones.
Methods:  Android  and  iOS  apps  designed  for  vaccination  reminders  have  been
reviewed  to  examine  six  elements:  educational  factor;  customizing  features;
reminder  tools;  peer  education  facilitations;  feedback,  and  the  language  of  apps’
interface  and  content.  The  literature  from  PubMed  has  been  reviewed  for  studies
addressing  reminder  systems  or  tools  including  apps.
Results:  The  study  has  revealed  insufficient  (n  =  6)  technology-based  interventions
for  increasing  childhood  vaccination  rates  by  reminding  parents  in  comparison

to  the  fast  growth  in  technology,  out  of  which  are  two  publications  discussed
mobile  apps.  Ten  apps  have  been  found  in  apps  stores;  only  one  out  of  them  was
designed  for  the  Saudi  vaccination  schedule  in  Arabic  language  with  some  weak-

nesses.  The  study  proposed  a  design  for  a vaccination  reminder  app  that  includes
a  number  of  features  in  order  to  overcome  the  limitations  discussed  in  the  studied
reminders,  apps,  and  systems.  The  design  supports  the  Arabic  language  and  the  Saudi
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vaccination  schedule;  parental  education  including  peer  education;  a  variety  of
reminder  methods,  and  the  capability  to  track  vaccinations  and  refer  to  the  app  as  a
personal  health  record.
Conclusion:  The  study  discussed  a  design  for  a  vaccination  reminder  app  that  satisfies
the  specific  requirements  for  better  compliance  to  children’s  immunization  schedules
based  on  reviewing  the  existing  apps  and  publications.  The  proposed  design  includes
element  to  educate  parents  and  answer  their  concerns  about  vaccines.  It  involves

ourage  the  exchange  of  experiences  and  overcome  vaccine
ld  form  a  convenient  child  personal  health  record.
vier  Limited  on  behalf  of  King  Saud  Bin  Abdulaziz  University
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10th of  November  2015  for  literature  published
between 2005  and  2015  using  the  search  terms
‘‘vaccination  reminder’’,  ‘‘immunization  cover-
their  peers  and  can  enc
fears.  In  addition,  it  cou
©  2016  Published  by  Else
for  Health  Sciences.

Introduction

Adherence  to  national  immunization  schedules  for
children is  essential  to  protect  them  from  vaccine
preventable diseases  (VPD).  However,  the  World
Health  Organization  (WHO)  has  estimated  that  1.5
millions of  children  are  dying  annually  from  VPD  [1],
indicating that  compliance  to  the  recommended
vaccinations  schedule  is  a  challenge  for  health  care
systems. The  main  parental  barriers  to  vaccination
include confusion  and  difficulty  in  tracking  vacci-
nation  schedules;  lack  of  awareness  regarding  the
importance  of  vaccines,  missing  due  dates,  and
fear of  vaccinations’  complications  and  side  effects
[2—4]. In  addition,  it  has  been  revealed  that  32.9%
and 26.6%  of  the  reasons  of  infants  missing  vaccina-
tions were  due  to  prior  reminders  not  being  given
to parents,  and  parents’  forgetfulness  respectively
[5].  Several  proposed  solutions  to  these  problems
have been  discussed  in  the  literature  from  differ-
ent aspects  in  order  to  increase  the  immunization
coverage rate.  For  example,  it  has  been  found  that
patient  reminders  and  recall  systems  are  effective
in improving  immunization  rates  [6].  Many  stud-
ies have  considered  different  types  of  traditional
patient reminding  approaches,  such  as  mailing  and
nurse home  visits,  in  addition  to  discussing  some
strategies  for  educating  patients  about  vaccines
[2—4,7—13].

Technology  and  the  new  media  could  be  effec-
tively utilized  to  achieve  better  compliance  with
children  immunization  schedules.  In  fact,  it  has
been found  that  one  in  four  parents  prefer
using new  technologies  for  vaccination  reminders
[14]. However,  insufficient  evidence  is  available
on the  use  of  social  networks,  email  commu-
nication and  smartphone  applications  to  support

adherence  to  children  vaccination.  This  has  been
indicated  by  a  systemic  review  study  published  in
2015 that  reviewed  nineteen  interventions  apply-
ing new  media  for  increasing  vaccine  uptake  and
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mmunization  coverage  [15]. The  review  study
overed  studies  that  investigated  the  role  of:
ext messaging,  smart-phone  applications,  YouTube
ideos, Facebook,  targeted  websites  and  portals,
oftware  for  physicians  and  health  professionals,
nd email  communication.  The  included  studies
ere summarized  and  critically  appraised  on  the
ffectiveness  of  the  interventions  to  promote  vac-
ination uptake  and  increase  vaccination  coverage.
t is  evident  from  the  results  of  this  study  that
ext messaging,  immunization  campaign  websites,
atient-held  web-based  portals,  and  computerized
eminders increase  immunization  rates.  On  the
ther hand,  not  enough  evidence  was  found  for
sing smartphone  applications  in  this  field.

The aim  of  this  study  is to  review  the  exist-
ng tools  and  publications  regarding  vaccinations
dherence, and  to  propose  a  design  for  vaccinations
dherence application  (app)  for  smartphones.

ethodology

he  online  app  marketplaces  for  the  two  most  com-
only used  smartphone  operating  systems  (Android

nd iOS)  were  searched  using  the  search  terms
‘vaccine’’, ‘‘vaccination  reminder’’,  ‘‘vaccine
eminder’’  and  ‘‘immunization  reminder’’.  The
earch was  conducted  between  the  14th  and  20th
f October  2015.  The  apps  were  included  in  the
resent  review  if  they  were  designed  for  parents’
se to  remember  and  adhere  to  the  children’s  main
accination  schedule.

PubMed  was  searched  between  the  5th  and
ge rate’’,  ‘‘vaccine  reminder’’,  ‘‘immunization
eminder’’. The  search  was  for  publications  in  the
ast ten  years  because  the  evolution  of  social  media
nd apps  almost  started  during  this  period.  Articles
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were  included  in  the  review  if  they  considered  using
any form  of  technology  to  enhance  the  immuniza-
tion coverage  rate  against  any  type  of  vaccine,  and
should be  intended  to  remind  parents  or  patients  to
have the  vaccines.

Based on  reviewing  the  literature  and  the  apps,
the design  for  the  vaccination  reminder  application
was proposed.

Analysis

The  selected  apps  that  met  the  inclusion  criteria
were downloaded  and  reviewed  to  examine  six  ele-
ments, which  are  explained  in  Table  1.  Some  of
the elements  were  specified  based  on  reviewing
the literature  and  others  based  on  personal  knowl-
edge  and  experience.  As  mentioned  earlier,  family
education  and  reminders  could  contribute  towards
better  vaccination  adherence.  Also,  a  peer  educa-
tion environment  is  desirable  in  such  apps  where
users can  exchange  information  with  others.  The
elements  of  customization  as  well  as  language  are
essential  for  fulfilling  the  user’s  preference  and
attracting  the  user  to  the  app.  Moreover,  it  is  neces-
sary as  a  service  provider  to  communicate  with  the
clients and  derive  feedback  to  improve  the  app.

We found  that  the  included  articles  can  be  clas-
sified into  three  categories  for  further  analysis:
review articles;  articles  that  addressed  using  and

Table  1  The  elements  to  be  examined  in  the
reviewed  apps.

Element  Explanation

Educational
factor

The  app  provides  education  on
vaccines.  In  order  to  ease  the
assessment  of  the  app  regarding
this  aspect,  the  coding  in  Table  A1,
in  the  appendix,  was  used

Customizing
feature

The  app  can  be  customized  to  the
Saudi  national  vaccination  schedule

Reminding
methods

The  methods  used  by  the  app  to
remind  users  about  their  children’s
due  vaccines

Peer
education

The  app  provides  social  support
and  offers  peer’s  education
through,  for  example,  a  chatting
tool  where  users  can  exchange
information  and  learn  from  each
other’s  experience

Feedback  The  app  provides  a  method  for
obtaining  direct  comments  from
users

Language  Language  of  app’s  interface  and
content

Table  2  Aspects  to  be  specified  in  the  reviewed  stud-
ies  addressing  new  reminder  systems.

Aspects  Explanation

Model  The  study  represents  a  model  for  a
tool

Application  The  study  signifies  a  functioning
tool

Study  The  study  addresses  evaluation  of  a
tool

Educational
factor

The  tool  addressed  in  the  study
provides  education  on  vaccines.  In
order  to  ease  the  assessment  of  the
tool  regarding  this  aspect,  the
coding  in  Table  A1, in  the
appendix,  was  used

Reminding
methods

The  methods  used  by  the  tool  to
remind  users  about  their  children’s
due  vaccines

Follow  up  The  tool  facilitates  tracking  the
vaccines  schedule

Peer
education

The  tool  provides  social  support
and  offers  peer’s  education
through,  for  example,  a  chatting
tool  where  users  can  exchange
information  and  learn  from  each
other’s  experience

Language  Language  of  tool’s  interface  and
content

Intended  for The  tool  is  intended  for  children’s
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children main  vaccination  schedule
reminders

ssessing  basic  reminder  systems  or  tools  such  as
hort message  (SMS),  phone  calls  or  e-mails;  and
tudies that  have  addressed  a new  reminder  system
r tools.  Studies  in  the  latter  group  were  further
nalyzed to  specify  a  number  of  aspects  detailed  in
able  2.

esults

nly  ten  apps  from  both  Apple’s  apps  store  and
oogle  play  store  met  the  identified  criteria  and
ave been  included  in  the  review.  Table  3 shows  the
esults of  evaluating  the  six  elements,  explained  in
able  1, in  the  selected  ten  apps.  These  results  are
ummarized  in  Fig.  1.

The literature  search  yielded  214  abstracts.  Ini-
ially, 72  abstracts  were  selected  based  on  the
nclusion  criteria  and  reviewed  in  detail.  A  total  of
4 articles  were  excluded  as  they  address  clinical
eminders at  the  point  of  care  (n  =  11),  or surveys

nd reminding  strategies  (n  =  23).  The  remaining
8 articles  were  analyzed  into  the  three  cate-
ories mentioned  earlier  as  follow:  7  studies  focus
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Table  3  Results  of  reviewing  the  selected  apps.

Application
Reference

Educational
factor

Customizing
feature

Reminding
methods

Peer
education

Feedback  Language

[16]  C  &  F  No  •  SMS
• Email
• Push
notifications
• Phone  alerts

No Yes  English

[17]  D  No  Email  No  Yes  English
[18]  B  No  No  No  No  Arabic  and

English
[19]  A  Yes  SMS  No  No  Arabic  and

English
[20]  A  No  Push

notifications
No No  English

[21]  A  Yesa No  No  No  English
[22]  A  No  Push

notifications
No Yes  Arabic  and

English
[23]  C  &  E  Yesa •  Push

notifications
• Calendar
alert

No No  English

[24]  A  Yesa Push
notifications

No No  English

[25]  D  No  •  SMS
• Email

No Yes  English

requi

r
t
c
a
s

a The user can design the schedule manually by adding the 

number of shots for each vaccine.

on  reviewing  the  literature  [3,26—31];  25  stud-
ies addressed  using  and  assessing  basic  reminder
tools; 6  studies  have  implemented  a  new  reminder
tools. The  distribution  of  the  basic  reminder  tools
throughout  the  25  studies,  noticing  that  some  stud-

ies discussed  more  than  one  reminder  tool,  is  as
follows:  16  text  messages  reminders  [32—47], 5
reminders  e-mails  [34,35,48—50]  and  10  telephone

v
r

Table  4  Result  of  reviewing  studies  addressed  reminder  sy

Reference  Model  Application  Study  Educational
factor

Remind
method

[57]  No  Yes  (app)  Yes  C  SMS  

[58]  No  Yes  Yes  A  System
prompt

[59]  No  Yes  (app)  No  B  Calend
alert

[60]  No  Yes  Yes  B  Push
notifica

[61]  No  Yes  Yes  B  Push
notifica

[62]  No  Yes  Yes  A  SMS  
red vaccines, identifying the duration between them and the

eminders  [34,35,49—56]. Out  of  which  are  only
hree studies  examined  using  text  messages  for
hildren’s  vaccination  reminding  [42,43,45]. The
nalysis of  the  six  studies  addressing  new  reminder
ystems is  shown  in  Table  4.
Fig.  2  demonstrates  our  proposed  design  for  the
accination  reminder  app  based  on  analyzing  the
esults of  reviewing  the  selected  apps  and  studies.

stems  or  tools  (n  =  6).

ing
s

Follow-up  Peer
education

Language  Intended
for
children

No  Yes  English
and
Spanish

No

’s Yes  No  English  No

ar Yes  No  English  Yes

tions
Yes  No  English  No

tions
Yes  Yes  English  Yes

Yes  No  Thai  Yes
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Figure  1  Summarized  results  of  reviewing  the  selected
apps.
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with similar  concerns  [30]. Fulfilling  this  preference
igure  2  Proposed  design  for  the  vaccination  reminder
pp.

iscussion

t  has  been  observed  that  two  main  causes  of  miss-
ng children’s  vaccinations  were  prior  reminders  not
eing sufficient  to  parents  (32.9%),  and  parents’
orgetfulness (26.6%)  [5].  A  review  study  has  indi-
ated that  vaccination  reminders,  in  all  their  forms,
re effective  in  increasing  immunization  rates  in  33
ut of  41  studies  [63].  In  2011,  one  in  four  parents
referred using  new  technologies  for  childhood  vac-
ination  reminders  [14]. This  proportion  is  expected
o rise  due  to  the  witnessed  increasing  and  con-
inuous usage  of  smart  devices’  apps  and  social
edia. Statistics  in  2016  revealed  that  31%  and  27%

f the  total  global  population  (7.395  billion)  are
ctive social  media  users  and  active  mobile  social
sers  respectively.  This  is  with  estimated  growth  of
10% in  active  social  media  users  and  +17%  in  active
obile  social  users  since  2015.  In  Saudi  Arabia,  the

ctive social  media  users  and  the  active  mobile

ocial users  represent  35%  and  31%  respectively
rom the  total  population  estimated  in  2016.  Com-
aring to  the  statistics  of  2015,  the  growth  in  usage

f
a
e

785

s  significant  (+20%  and  25%  respectively)  [64].  In
pite of  these  facts,  the  current  study  found  insuf-
cient vaccination  reminders  utilizing  the  advanced
eatures  in  mobile  phones’  applications  and  social
edia. In the  same  respect,  a  study  reviewed  the

sed technologies  for  improving  vaccination  cov-
rage and  revealed  that  integrating  technology
nto immunization  interventions  targeting  parents
s uncommon  [30].  As  shown  in  Tables  3  and  4,  we
ound only  ten  vaccination  reminder  apps  in  apps’
tores and  only  six  out  of  38  of  the  selected  stud-
es involved  implementation  of  new  reminder  tools.
nly two  out  of  the  six  studies  addressed  vaccina-
ion reminder  mobile  apps,  whereas  one  only  was
esigned  to  help  parents  to  remember  their  chil-
ren’s  vaccines.  The  vaccine  reminders,  found  in
pps stores  and  literature,  have  some  limitations
ased on  the  reviewed  elements.

Reviewing  the  included  vaccination  reminder
ndicated that  there  is  not  enough  focus  on  edu-
ating  parents  about  vaccinations.  In  fact,  parental
eminders  and  education  have  been  proven  to
e effective  in  increasing  children’s  vaccina-
ion uptake.  A  number  of  review  studies  that
ddressed reminders  and  educational  interventions
o improve  immunization  uptake,  reported  that
roviding  parents  with  immunization  education  and
ny other  form  of  reminder  interventions  has  a
ignificant  effect  on  increasing  children’s  immu-
ization  rates  [27,28,31]. On  the  other  hand,  the
urrent study  found  only  14%  of  the  educational
actor is functional  in  the  included  apps  from  apps’
tores as  indicted  in  Fig.  1. Two  of  the  apps  provide
rief  information  about  vaccinations  such  as  the
ames of  diseases  related  to  the  vaccines  [16,23].
uch information  does  not  seem  adequate  enough
o answer  the  parents’  concerns  about  vaccina-
ions. Information  can  be  valuable  if  it  helps  parents
o understand  their  child’s  risk  from  a  vaccine-
reventable disease,  to  know  that  their  child  is
n need  of  the  vaccination,  and  recognize  vac-
ine efficacy  and  safety  [30]. There  are  three  apps
17,18,25]  that  provide  such  information  in  dif-
erent ways.  In  terms  of  studies  addressed  new
eminders’ tools,  some  of  the  studies  integrated
accine education  into  their  reminders  by  either
roviding referral  links  to  educational  websites
n = 3)  [59—61]  or  providing  general  information
bout vaccines  (n  =  1)  [57].

It has  been  reported  that  a  quarter  of  Internet
sers who  search  for  specific  health  concerns  pre-
er to  connect  with  others  in  similar  situations  and
or reminder  systems  and  apps  through  facilitating
 connection,  in  any  form,  between  participants  to
xchange information  could  potentially  contribute
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786  

towards  improving  vaccination  coverage  and  reach-
ing the  optimal  goal  of  such  tools.  However,  there
was no  emphasis  on  peer  education  in  both  included
apps and  studies.  Only  two  out  of  the  six  studies
deployed this  feature  in  their  reminder  systems  by
enabling users  to  exchange  information  and  expe-
riences  [57,61]. While  none  of  the  apps  provided  a
tool for  peer  education.

Offering  at  least  one  reminder  method  in  vaccine
reminder apps  or  systems  is  essential  for  fulfill-
ing the  aim  of  such  a  tool.  The  results  of  the
present study  indicate  that  one  reminder  method
was applied  in  each  reminder  system  addressed  by
the six  studies;  as  shown  in  Table  4.  However,  it
has been  found  that  applying  multiple  methods  for
notifying  patients  of  the  need  to  vaccinate,  may
contribute  towards  better  vaccine  compliance  [31].
About 80%  of  the  included  apps  from  apps’  stores
apply  at  least  one  reminding  method  (Fig.  1), yet
only about  37%  of  them  provide  more  than  one
method to  choose  from  [16,23,25].  Interestingly,
push notifications  method  is  used  in  almost  62%  of
the apps,  as  indicated  in  Table  3.

Five  of  the  reminder  systems  addressed  by  the  six
studies focus  on  providing  follow  up  mechanisms  for
the patients,  as  shown  in  Table  4.  In  other  words,
the vaccine  uptake  can  be  tracked  in  addition  to  the
vaccines’  due  dates  being  recognized.  This  aspect
has been  found,  according  to  a  review  study,  to  be
one of  the  immunization  information  systems’  fea-
tures that  contribute  towards  the  success  of  these
systems  in  increasing  vaccination  rates  [28].

The language  used  for  the  interface  and  contents
of the  reviewed  vaccination  reminders  was  mainly
English  (Tables  3 and  4).  Only  30%  of  the  apps  from
apps’  stores  [18,19,22]  were  multi-language  and
support the  Arabic  language  as  shown  in  Table  3  and
Fig.  1. Furthermore,  only  one  (33%)  out  of  these
apps was  designed  for  the  Saudi  national  vacci-
nation schedule  [19].  However,  it  has  no  form  of
educational  elements,  only  one  reminder  method,
and  no  feedback  tool.  This  emphasizes  the  need
for functional  Arabic  apps  addressing  vaccination
reminders for  parents  in  Saudi  Arabia  and  other
parents in  the  Arabic  world.

The literature  review  reveals  that  the  current
study is  the  first  review  of  the  available  evidence
on the  use  of  child  vaccine  reminder  apps  and
technologies in  general.  The  study  has  found  that
the trend  of  studies  (n  =  25)  to  address  vaccine
reminders is  to  examine  the  effectiveness  of  the
available  basic  tools  as  vaccine  reminders  includ-

ing SMS,  email,  or  phone  calls.  Text  messages
(n =  16)  are  the  leading  studied  vaccine  reminder
tool. Moreover,  only  three  of  these  studies  discuss
the effectiveness  of  basic  reminder  tools  involving
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ext  messages  intended  for  children’s  main  vacci-
ation schedule  reminders  [42,43,45].  In  fact,  it
as been  recognized  that  text  messaging  has  a  sig-
ificant effect  on  71%  of  non-vaccination  related
nterventions for  the  paediatric  and  adolescent
opulation [65].  Interestingly,  the  field  of  text  mes-
aging for  vaccination  reminders  has  been  found  to
e successful  in  this  population  [30].  Text  messages
re considered  effective  vaccination  reminders  for

 number  of  reasons  that  can  be  summarized
ccording to  their  main  attraction  —  they  reach
he intended  patients  and  can  be  used  as  ref-
rence information  [30].  This  might  explain  why
arents prefer  them  compared  to  postal  or  phone
eminders,  as  found  in  a study  that  has  explored
arents’ preferences  for  traditional  immunization
eminders [66].

pp proposed design

ased  on  reviewing  the  existing  apps  and  publi-
ations  regarding  vaccinations  adherence  and  for
etter compliance  to  children  immunization  sched-
les, our  design  for  the  childhood  vaccination
eminders app  includes  a  number  of  features  as
ndicated  in  Fig.  2. Theses  features  overcome  the
imitations  discussed  in  the  studied  reminders  apps
nd systems.  The  design  provides  elements  to
ducate  parents  and  answer  their  concerns  about
accines.  This  includes  adequate  information  about
accination  and  the  required  care  for  prior  and
fter vaccination.  Moreover,  the  design  involves
eer education  by  providing  a tool  for  social
edia encouraging  parents  to  exchange  experi-

nces and  overcome  vaccine  fears.  In  addition,  the
esign contributes  towards  solving  problems  asso-
iated with  forgetfulness  and  postponement  of  due
accines by  offering  a  variety  of  reminder  tools
ncluding SMS,  email  and  others.  It could  provide

 tool  for  tracking  the  vaccines  schedule  and  form
 convenient  child  personal  health  record  for  future
se. The  design  of  the  app  considers  supporting  the
rabic language  and  the  Saudi  vaccination  schedule
ith customization  features.  This  should  fulfil  the
eed for  a functional  children  vaccination  reminder
or parents  in  Saudi  Arabia  and  others  who  follow
imilar  vaccination  scheme  in  other  countries.  Fur-
hermore, the  design  offers  a feedback  tool  to
nable users  to  communicate  with  the  developer
egarding improving  the  app.
uture consideration

he  design  of  the  vaccination  reminder  app  could
e improved  in  future  to  consider  interconnection
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accination  adherence  

ith  the  healthcare  systems.  This  will  contribute
nto managing  the  immunization  coverage  rate
round  the  country  and  building  a  database  for
accinated  children.  In  addition,  the  app  with
nterconnection  aspect  will  facilitate  for  parents
anaging issues  related  to  booking  appointments

or their  children  vaccination.

onclusion

he  prevalence  of  childhood  vaccine  preventable
iseases can  be  significantly  reduced  through
dherence to  confirmed  vaccinations  schedules.
owever, many  barriers  to  vaccinations  compli-
nce  exist,  including  lack  of  awareness  regarding
he importance  of  vaccines,  missing  due  dates,
nd fear  of  vaccinations  complications.  The  current
tudy reviewed  the  existing  tools  and  publications
egarding vaccinations  adherence,  and  proposed  a
esign for  vaccination  adherence  app  for  smart-
hones. We  proposed  a  design  for  vaccination
eminder app  that  overcomes  limitations  discussed
n the  studied  vaccine  reminder  apps  and  systems.
he design  considers  supporting  parental  educa-
ion including  peer  education;  a  variety  of  reminder
ethods,  and  the  capability  to  track  vaccinations

nd refer  to  the  app  as  a  personal  health  record.
he proposed  design  is  tailored  for  parents  in
audi Arabia  and  others  who  follow  similar  vaccina-
ion  scheme  in  other  countries.  The  design  should
ontribute  towards  better  compliance  to  children
mmunization schedules.
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Table  A1  Coding  for  assessing  educational  factor.

Code  Educational  factor

A  No  education
B  Referral  link  to  an  educational  website
C  General  and  brief  information  about

vaccines
D  Detailed  information  about  vaccines  such

as  number  of  doses,  appropriate  age  and
period  between  doses

E  Frequently  asked  questions  about
immunizations

F  Information  about  tracking  the  child’s
health  in  general
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