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Background:  Demand-side  strategies  could  contribute  to achieving  high  and  timely vaccine  coverage
in  rural  Africa,  but require  platforms  to deliver  either  messages  or  conditional  cash  transfers  (CCTs).
We  studied  the  feasibility  of  using  short  message  services  (SMS)  reminders  and  mobile  phone-based
conditional  cash transfers  (CCTs)  to  reach  parents  in  rural  Western  Kenya.
Methods:  In a Health  and  Demographic  Surveillance  System  (HDSS),  mothers  with  children  aged  0–3
weeks  old  were  approached  to determine  who  had  access  to  a mobile  phone.  SMS reminders  were  sent
three days  prior  to  and  on the  scheduled  day  of  immunization  for 1st  (age  6 weeks)  and  2nd  doses  (age 10
weeks)  of  DTP-HepB-Hib  (Pentavalent)  vaccine,  using  open-source  Rapid  SMS  software.  Approximately
$2.00  USD  was  sent  as  cash  using  mPESA,  a  mobile  money  transfer  platform  (2/3  of mothers),  or  airtime
(1/3  of  mothers)  via  phone  if  the  child  was  vaccinated  within  4 weeks  of the  scheduled  date.  Follow-up
surveys  were  done  when  children  reached  14 weeks  of  age.
Results:  We  approached  77  mothers;  72  were  enrolled  into  the  study  (26%  owned  a  phone  and  74%  used
someone  else’s).  Of the  63  children  with  known  vaccination  status  at 14  weeks  of  age,  57  (90%)  received
pentavalent1  and  54 (86%)  received  pentavalent2  within  4  weeks  of  their  scheduled  date.  Of the  61
mothers  with  follow-up  surveys  administered  at 14  weeks  of age,  55 (90%)  reported  having  received
SMS  reminders.  Of the 54  women  who  reported  having  received  SMS  reminders  and  answered  the  CCT
questions  on  the  survey,  45  (83%)  reported  receiving  their  CCT.  Most  (89%)  of  mothers  in  the  mPESA  group

obtained their cash  within  3 days  of  being  sent  their  credit  via  mobile  phone.  All  mothers  stated  they
preferred  CCTs  as  cash  via  mobile  phone  rather  than  airtime.  Of the  9 participants  who  did  not  vaccinate
their  children  at the designated  clinic  2(22%)  cited  refusals  by husbands  to participate  in  the  study.
Conclusion:  The  data  show  that  in rural  Western  Kenya  mobile  phone-based  strategies  are  a  poten-
tially  useful  platform  to deliver  reminders  and  cash  transfers.  Follow-up  studies  are  needed  that  provide
evidence  for  the  effectiveness  of  these  strategies  in  improving  vaccine  coverage  and  timeliness.
Abbreviations: CCT, conditional cash transfer; KEMRI/CDC, Kenya Medical
esearch Institute/Centers for Disease Control and Prevention’s Health; HDSS,
ealth and demographic surveillance system; DTP-HepB-Hib, diphtheria, hepati-
is B, haemophilus influenzae type B; SMS, short message service; M-money,

obile money services; VR, village reporters; M-Health, mobile-health; Ksh, Kenya
hillings.
� The findings and conclusions are those of the authors and do not necessarily
epresent the views of the Centers for Disease Control and Prevention.
∗ Corresponding author at: 855N. Wolfe St., Suite 600, Baltimore, MD 21205,
nited States.
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1. Introduction

Despite clear evidence that immunization is an efficient and
cost-effective intervention for improving child survival [1],  chil-
dren in many parts of the world, including much of sub-Saharan
Africa, are either unvaccinated or vaccinated late [2]. Much of
the efforts to augment immunization over the past decade have
improved vaccine supply-side issues (e.g., cold chain, transporta-
tion, procurement, and staff training). As coverage improves,
lingering deficits and barriers remain to achieving optimal immu-

nization status, many of which cannot be overcome with more
supply-side interventions. In particular, demand-side barriers,
such as lack of knowledge, forgetfulness, prohibitive transport
cost, and competing priorities come to play a more prominent

dx.doi.org/10.1016/j.vaccine.2012.11.093
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
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ole in impoverished populations with persistently low vaccine
ptake.

The access and ownership of mobile phones in Africa is rapidly
ising [3].  Mobile phones are increasingly being used for health
pplications (mHealth) and mobile money services (mMoney)
4–8]. We  believe some of these new applications, could potentially
e harnessed to administer interventions to achieve high, timely
nd sustainable immunization coverage. Short message services
SMSs) have been successfully employed for various health applica-
ions, such as promoting adherence to drug treatments for chronic
iseases [9–11], uptake of screening tests [12–15],  immunization
overage [16–18],  clinical appointment attendance [19,20], and
raining health workers in malaria treatment [21].

mMoney refers to the technology that facilitates cash transfers
hrough mobile phones. In many developing countries, mMoney
rovides an opportunity to reach rural and/or low-income popula-
ion with limited access to formal financial institutions. In Kenya,
he mPESA system is a leader in offering mobile financial services,
urrently claiming 14 million users [22], approximately 30–35% of
he total population (43 million) [23].

Economic incentives targeting both health care providers [24]
nd the general population have been used to improve health out-
omes by encouraging use of various health services, including
mmunizations [25–27].  A specific type of incentive is conditional
ash transfers (CCTs), which are the provision of money (or other
aluable goods) upon completion of a particular health behavior
26–29].

Evidence is needed before scaling up mobile-phone based
trategies for immunization. We  undertook a feasibility study of
sing automated SMS  reminders and mobile-phone based CCTs for
imely immunization among mothers in rural Western Kenya.

. Methods

.1. Study site

The study was conducted in the Kenya Medical Research
nstitute/Centers for Disease Control and Prevention’s Health
KEMRI/CDC) and Demographic surveillance system (HDSS) in rural
iaya district, Western Kenya [30]. Within the HDSS, this pilot study
as conducted in 30 villages located within 5 km radius of the

overnment operated Ting’Wan’i health center. In the HDSS area,
alaria is holoendemic [31,32] and HIV prevalence is high (17%

n adults ≥18 years in 2008) [33]. The under-5 mortality rate was
12 per 1000 live births in 2008 [31]. Immunization coverage with
he third dose of pentavalent vaccine was 54% by 24 weeks of
ge (scheduled to be given at 14 weeks) and 83% by ages 12–23
onths in 2010. As part of the HDSS, births and deaths are iden-

ified by village reporters (VRs), who are residents of each village
30]. Immunization status of children, collected by field workers
uring home visits done three times per year, is determined pri-
arily by vaccination card, and if not available, by verbal report.
accinations are also documented in Ting’Wan’i health center by
DSS-employed health facility recorders. The Kenyan Expanded
rogram on Immunization (EPI) guidelines call for vaccination with
he primary series at 6, 10 and 14 weeks of age and measles at 9

onths of age [34].

.2. Enrolment into the pilot study

We enrolled mothers of children 0–3 weeks of age, randomly

istributed in a 2:1 mMoney:airtime ratio. This number was  cho-
en, without statistical considerations, to enroll enough mothers
n each group to encounter most of the main contingencies and
roblems that might occur with the process. For enrolment, VRs
 31 (2013) 987– 993

approached mothers of newborns at the time of the birth noti-
fication visit, as well as children up to 4 weeks of age in their
villages. Mothers were informed that they would receive 150 Ksh.
(∼US$2.00 in 2011) in mMoney or equivalent in airtime if they
brought their child in on time, defined as within 4 weeks, for their
first and second pentavalent vaccines. The CCT amount was  chosen
as it was the standard transport reimbursement given for all studies
conducted in the HDSS, representing the average cost of round-trip
transportation to the clinic for HDSS residents. After consenting
to participate, mothers were asked to provide a phone number of a
mobile phone from which they could receive SMS  messages related
to this study. We  defined mobile phone access as owning a phone
or readily being able to receive messages from a phone owned by
someone living in their compound, a neighbor or a friend.

2.3. SMS  reminders

We  customized RapidSMS, a free and open source system
designed to leverage SMS  mobile phone technologies [35]. At the
time of enrollment, VRs sent a message to the RapidSMS server at
KEMRI/CDC offices, located approximately 50 km from Ting’Wan’i,
using the following syntax: name, date of birth, phone number
(Fig. 1). At this point, the phone was automatically registered by
the server, which was programmed to send the first SMS  immu-
nization reminder three days before the child reached six weeks of
age based on the indicated date of birth in the enrollment SMS. The
first reminder SMS  read“[Baby’s name] is due for Pentavalent1 vac-
cination in three days (e.g., Wednesday) 13/7/2011 at Ting’Wan’i.
You will get Ksh. 150 by mPESA(or airtime) if baby is vaccinated on
time.” On the day the baby was  exactly six weeks old, the mother
was sent a second SMS  with a similar message that emphasized that
vaccination was due on that day. If the child had come for vaccina-
tion at Ting’Wan’i for the first dose, SMS  reminders were next sent
three days prior to and on the day that the second pentavalent dose
was due. If the child did not get vaccinated at Ting’Wan’i exactly at
six weeks for the first vaccination, then the SMS  reminders were
reprogrammed to occur four weeks after first dose. Of note, if
the first dose was not given at the designated vaccination clinic,
Ting’Wan’i, then the system was not aware that the first dose was
given and no SMS  reminders were sent for the second dose. All the
SMS reminders were sent in the local language (Dholuo).

2.4. Immunizations and CCTs

A study-employed health facility recorder was based at
Ting’Wan’i to record immunization visits of enrolled children
(Fig. 1). Every Monday, the recorder was provided with a list of
expected immunization visits by enrolled children for that week.
When a child was  brought in for immunization, the health facility
recorder verified from the list that the child was a study participant
and then notified the server via an SMS  of the child’s visit. The server
sent simultaneous SMSs to the participant’s phone, congratulating
her on vaccinating her child on time, and to the study coordina-
tor, notifying her that child was  vaccinated on time. For children
who were brought in for vaccination after 4 weeks, a SMS  was sent
by the server to the mother congratulating her on vaccinating her
child, but indicated that it was not done within a timeframe that
entitled her to receive the CCT.

Mothers were randomized to one of the two  CCT groups, either
mMoney or airtime. Any of the four mMoney systems registered
in Kenya could be used for CCTs, based on the mother’s prefer-

ence. For mothers who vaccinated their child on time, CCTs were
sent to the mother’s registered mobile phone. For those random-
ized to get the CCT via mMoney, we  sent a credit worth Ksh.150 to
each participant’s registered mobile phone. For those participants
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Fig. 1. Flow diagram of short message service (SMS’s) for mobi

andomized to receive airtime, we directly transferred Ksh.150
orth of airtime credit that could be used instantly.

.5. Follow-up visits

All enrolled mothers were followed-up at home 4 weeks after
heir second scheduled vaccination visit. A field worker adminis-
ered a questionnaire to evaluate if the mother received the SMS
eminders, if she brought her child in for immunization, and if
he received the CCT. For those who answered in the negative
o these questions, we inquired about the reasons. We  also asked
bout which factors motivated the mother to bring the child in for
accination and what factors they thought would motivate other
others in their community to bring their children in for timely

accination.

.6. Data collection and analysis

Data was collected at enrollment, at the clinic and during the
ollow-up home visits using scannable questionnaires (Cardiff Soft-
are Inc., Vista, CA). Scanned data were processed and stored

n Microsoft Corporation SQL Server 2008 R2 ® database at the
EMRI/CDC data center. Frequencies of responses to questions
ere calculated using SAS, version 9.2 © 2002–2008 by SAS Institute
nc., Cary, NC, USA. Comparisons of demographic characteristics
etween mobile phone owners and sharers were made using Fisher
xact Test for categorical variables and Student’s T-Test for contin-
ous variables.
ne-based intervention to improve immunization, Kenya 2011.

2.7. Ethical review

The study protocol was reviewed and approved by institutional
review boards of CDC (Atlanta, GA) and KEMRI (Nairobi, Kenya).
Informed written consent for participation was  obtained from par-
ticipants.

3. Results

3.1. Enrolment and vaccination status

Among 77 mothers of newborn children approached for
enrollment, 72 (94%) were enrolled; only two mothers refused
participation (Fig. 2). The characteristics of enrolled mothers are
shown in Table 1. Amongst the enrolled mothers 9 (13%) did not
bring their children to the designated clinic for vaccination, most
of them 2 (22%) had migrated from the study area and 2 (22%) cited
refusals by their husbands to participate among other reasons. Of
the 72 enrolled mothers, 9 were lost to follow-up by the end of the
study and their children’s vaccination status was  not known. Of
the 63 children with known vaccination status, 57 (90%) received
pentavalent1 and 54 (86%) received pentavalent2 by 14 weeks of
age (Figs. 2 and 3). Fifty children (91%) who received pentavalent1
and 47 (75%) who received pentavalent2 were vaccinated at the

designated referral clinic, Ting’Wan’i health center.

The reasons reported by 8 mothers for not vaccinating their chil-
dren were the following: forgot to take the child for vaccination,
the vaccine was  not available at Ting’Wan’i, was away at the time
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77 Iden�fied 

69(96%) Se nt SMS 
rem inders 

2-Refusal                                      
3-Wrong details 

72 Enrolled

3(4%) Not sent 
SMS rem inders 

2-Wrong details              
1- Not enrolled 
by RapidSMS

6(9%) 
Unknown 

48(70%) 
Vaccinated 
Ting’wang’i

7(10%)
Vaccinated 
other 
health 
facili� es 

8(12%) Not 
Vaccinated

37(77%) Mpesa 11(23%) Ai r�me

2(67%) 
Vaccinated
Ting’wang’i

1(33%)

Unknown

1(50%) Mpesa 1(50%) Air�me

Fig. 2. Pentavalent1 vaccination results.

T
C

able  1
haracteristics of enrolled participants by mobile phone ownership status, Western Keny

Characteristic Owns mobile phone
(N = 19)

Does not own m
phone (N = 53)

N % N 

Infant age at enrolment
<7 Days 6 31.6% 11 

8–13  4 21.0% 14 

14–20 3 15.8% 16 

21–27  6 31.6% 12

Maternal age (years)
<20 0 0.0% 6 

20–29 6 46.1% 23 

>29  7 53.9% 9 

Maternal education
Some primary 8 66.7% 16 

Completed primary 3 25.0% 16 

Some secondary 1 8.3% 5 

Ability to read english
Not at all 0 0% 1 

With  difficulty 7 58.3% 18 

Easily 5 41.7% 18 

Ability to speak english
Not at all 1 8.3% 1 

With  difficulty 8 66.7% 17 

Easily 3 25.0% 19 

Ability to write english
Not at all 1 8.3% 2 

With  difficulty 7 58.3% 18 

Easily 4 33.3% 17 

#  of people in houseb 3.7 1.7 4.4 

SESc

Bottom 2 quintiles 2 25.0% 6 

Upper 3 quintiles 6 75.0% 14 

a Different denominators due to missing HDSS data.
b Mean and STD.
c Calculated using multiple components analysis from all households in HDSS area.
a, 2011.

obile Totala P value comparing
those who  own and do
not own phone

% N %

20.8% 17 23.6% 0.494
26.4% 18 25.0%
30.2% 19 26.4%
22.6% 18 25.0%

15.8% 6 11.8% 0.108
60.5% 29 56.9%
23.7% 16 31.4%

43.2% 24 50.0% 0.469
43.2% 19 38.8%
13.5% 6 12.2%

2.7% 1 2.0% 0.806
48.7% 25 51.0%
48.7% 23 47.0%

2.7% 2 4.0% 0.182
46.0% 25 51.1%
51.4% 22 44.9%

5.4% 3 6.1% 0.579
48.7% 25 51.0%
46.0% 21 42.9%

2.1 4.2 2.0 0.268

30.0% 8 28.6% 1.0
70.0% 20 71.4%
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44(62%) Se nt SMS rem inders 

1 child  died

27(38%) Not se nt 
SMS rem inders 

2-Wrong  details              
1- Not en rolled  by 
RapidSMS
21- pe nt1 not gi ven  
at Tin g’wan g’I
4- pe nt1 missed  by 
recorder at 
Ting’wan g’i

7(26%) 
vaccin ated 
Ting’wan g’i

40(91%) 
Vaccin ated 
Ting’wan g’i

2(5%) 
Vaccin ated 
other he alth 
facili�es 

2(5%) 
Unknown

27(68%)Mpesa 13(33%)Air�me

5(19%) 
Vaccin ated 
other 
health 
facili�es 

8(30%) 
Not 

Vaccin ated

6(86%)Mpesa 1(14%)Ai r�me

72 Enrolled

7(26%)

Unknown

t2 vaccination results.

w
u
i
p
w
d

3

p
e
a
p
p
u

3

f
d
t
t
r
m
v
t
p
t
o

(
r
t
t
r
f
(
t

Fig. 3. Pentavalen

hen the child was due for vaccination, child died before the sched-
led vaccination date, her church is against vaccination, was not

nformed of any SMS  reminder by the neighbor whom the mobile
hone belonged to, was taking care of a sick person when the child
as due for vaccination, and was sick at the time the child was to
ue for vaccination [one (13%) mother for each reason].

.2. Phone ownership

All 77 mothers approached for enrollment identified a mobile
hone on which they thought they could receive SMSs. Of the 72
nrolled mothers, 19 (26%) had their own phones and 53 (74%) had
ccess to someone else’s phone – 20 (38%) used their husbands’
hones, 20 (38%) used their neighbors’ phones, 12 (22%) used the
hone of someone within their compound or household, and 1 (2%)
sed the VR’s phone.

.3. SMS  reminders

Of the 72 enrolled mothers, 69 (96%) were sent SMS  reminders
or their first routine EPI visit at 6 weeks of age; 2 of the children’s
ates of birth were entered incorrectly in the enrollment SMS  by
he VR sent and 1 child did not have an enrollment SMS  sent by
he VR (Fig. 2). Of the 72 enrolled mothers, 44 (61%) were sent SMS
eminders for the second scheduled EPI vaccinations. Twenty-one
others who did not visit Ting’Wan’i for their children’s first EPI

isit were not sent SMS  reminders for their second EPI visit, as per
he coding algorithm of the rapid SMS  system. Of the 111 doses of
entavalent1 and pentavalent2 that were given, 57% were given on
he scheduled day of vaccination and 88% were given within 3 days
f the scheduled date (Fig. 4).

Of the 61 mothers with follow-up surveys administered, 55
90%) reported having received SMS  reminders. Three mothers
eported that the SMS  never appeared on the designated phone and
hree mothers who were using another person’s phone reported
hat the SMS’s were not conveyed to them. Among the 55 who

eceived SMS  reminders, the number who reported having received
our, three, two and one SMS  reminders was 22 (44%), 7 (13%), 18
33%) and 8 (14%), respectively. Forty-nine (91%) mothers reported
hat the SMS  reminders influenced their decision to come in for
Fig. 4. Time of vaccination of study participants in relationship to scheduled date,
Western Kenya, 2011.

vaccination and 51 (94%) said the number of SMS reminders they
received did not bother them.

3.4. CCTs

Among enrolled women, 48 (67%) were randomly assigned to
the mMoney group and 24 (33%) to the airtime group (Fig. 2). All
participants in the mMoney group chose to use mPESA as their
preferred mMoney network. Of the 54 women who reported having
received SMS  reminders and completed the follow-up interview, 45
(83%) reported receiving their CCT – 6 in the mMoney group and
3 in the airtime group reported not having received it. Of the 47
mothers in the mMoney group, 37 (77%) completed the follow-up
questionnaire. Of these, 23 (62%) received the cash on the same
day the mPESA credit was sent to them, 10 (27%) within 3 days,
and 4 (11%) more than a week later. Eight (22%) mothers traveled
less than a half kilometer and 23 (62%) less than 2 km to get their
cash at the mPESA agent. Only 1 (3%) had to travel more than 5 km.
Thirty-two (86%) of mothers in the mMoney group were already
registered in mPESA and 35 (95%) had used mPESA previously.

All 54 mothers who completed the follow-up survey stated they

would prefer mMoney payments over airtime. Thirty-three (61%)
claimed mMoney was “worth more”, 16 (30%) said it was “better
to have cash than airtime” and 5 (9%) said it was “easier.” All 54
mothers said they thought paying mothers would influence their
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ecision to get their children vaccinated on time. However, when
sked what factor most influenced their own decision to get their
hild vaccinated, 21(47%) said the SMS  reminder, 16 (36%) said nei-
her the SMS  reminder nor the CCT, 2 (4%) said the CCT, 2 (4%) said
oth, and 3 (7%) said “other”. When asked “What is the least amount
f payment that would encourage you to bring your child into vac-
ination?” 22 (40%) said at least 150 Ksh. ($2.00), 20 (37%) said at
east 200 Ksh. ($2.66) and 12 (22%) said more than 200 Ksh.

. Discussion

The results of our pilot study show evidence of the feasibility of
etting up an integrated mobile phone-based system to remind and
ncentivize mothers to vaccinate their children in rural Kenya. We
dentified mothers of newborn infants and enrolled them before the
ate of their child’s first EPI visit. We  trained VRs, a group of women
ith minimal formal education, to register mothers using mobile
hone technology. We  set up an automated program to deliver SMS
eminders at designated times to enrolled mothers. We  successfully
elivered CCTs to mothers using a paperless remuneration strategy
ith mPESA, which minimized the logistical challenges and poten-

ial for fraud inherent in delivering cash or tangible goods as CCTs.
astly, the strategy was well-accepted by mothers, who  expressed
ostly positive impressions of their experience at the end of the

tudy.
Despite moderate levels of mobile phone ownership among

others, access to mobile phones within the participant’s imme-
iate circle was high with every woman approached being able to

dentify someone’s phone to receive SMSs. Only a few women who
ere using someone else’s phone did not have the reminders deliv-

red to them. We  hypothesized that the CCT would foster ingenuity
n the “local economy” so that mothers without phones would find

ays to get messages and receive the small CCTs. This seemed to be
orne out by our findings, although we did not inquire if mothers
hared their CCTs with the owners of the phones.

The small sample size and lack of a comparison group prevents
rawing conclusions about the effectiveness of SMS  reminders and
CTs to improve vaccine coverage and timeliness. However, pen-
avalent2 coverage was 95% for the 42 participants who  received
MS  reminders and whose vaccination status could be ascertained.
his is in contrast to 60% pentavalent2 coverage for the 20 indi-
iduals who did not receive SMS  reminders and whose vaccine
tatus was ascertained. Studies conducted in low-income, minority,
opulations in New York City found that SMS  reminders improve
overage from 4% to 17%, depending on the vaccine [18]. Addition-
lly, CCTs or other incentives, have increased vaccine coverage by
.8–13.6% in other parts of the world [24–28,36–38].

The pilot study identified several problems with the current sys-
em. Despite its automation, the system was still subject to human
rror. In several instances, VRs entered date of birth or mobile
hone numbers incorrectly, which resulted in SMSs being sent at
he wrong time or to the wrong phone. More training of the impor-
ance of entering correct data is needed. Second, the SMS  reminder
lgorithm was programmed on the assumption that all participants
ould use the Ting’Wan’i health facility for vaccination. If a mother

rought her child to another clinic for pentavalent1, the system
onsidered that child unvaccinated for pentavalent1 and did not
end a SMS  reminder for pentavalent2. This programming glitch
hould be addressed for future interventions. Third, in a few cases
fter a mother enrolled, her husband did not approve of the study or
uspected that the vaccines being given were experimental. More

xtensive engagement of husbands in the community is important
ince this strategy extends beyond the traditional mother-child pair
argeted for most immunization-related interventions. Fourth, we
nly designated one health facility where children’s vaccination

[
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status could be verified. The distance-decay effect posits that as
one’s distance from a health facility increases, the likelihood of uti-
lization decreases [39]. In this study, mothers who live the farthest
from the designated clinic might have preferred bringing their child
to a clinic closer to their home for vaccination, despite receipt of
remuneration at the designated facility.

Using the lessons learned in the pilot study in establishing a
mobile phone-based system to send SMSs and deliver CCTs, we  plan
to investigate the impact of this intervention on timely vaccination
in a larger randomized trial. Although there is a great deal of interest
and excitement surrounding mHealth and CCT programs in Africa,
there are very few randomized controlled trials assessing their
effectiveness, none of which focus on immunization [26,40–42].
Such evidence will serve as a basis of the investment, time, and
effort that will be necessary to introduce and, then, potentially
scale-up these programs.
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