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Abstract

While the importance of mHealth scale-up has been broadly emphasized in the mHealth community, it is necessary to guide
scale up efforts and investment in ways to help achieve the mortality reduction targets set by global calls to action such as
the Millennium Development Goals, not merely to expand programs. We used the Lives Saved Tool (LiST)-an evidence-
based modeling software-to identify priority areas for maternal and neonatal health services, by formulating six individual
and combined interventions scenarios for two countries, Bangladesh and Uganda. Our findings show that skilled birth
attendance and increased facility delivery as targets for mHealth strategies are likely to provide the biggest mortality impact
relative to other intervention scenarios. Although further validation of this model is desirable, tools such as LiST can help us
leverage the benefit of mHealth by articulating the most appropriate delivery points in the continuum of care to save lives.

Citation: Jo Y, Labrique AB, Lefevre AE, Mehl G, Pfaff T, et al. (2014) Using the Lives Saved Tool (LiST) to Model mHealth Impact on Neonatal Survival in Resource-
Limited Settings. PLoS ONE 9(7): €102224. doi:10.1371/journal.pone.0102224

Editor: Eliana Jimenez-Soto, School of Population Health, The University of Queensland, Australia
Received December 18, 2013; Accepted June 16, 2014; Published July 11, 2014

Copyright: © 2014 Jo et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: Funding for this work was provided as part of a contract in support of the WHO mHealth Technical and Evidence Review Group (mTERG) and by the
Johns Hopkins University Global mHealth Initiative. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the

manuscript.

* Email: alabriqu@gmail.com

Competing Interests: The authors have declared that no competing interests exist.

Introduction

Globally, nearly 3.5 million babies die each year in their first
month of life, accounting for about 40-50% of under-five-child
deaths. [1,2] These deaths are from largely preventable or
treatable conditions such as birth asphyxia, prematurity and
neonatal infections. [3] While Millennium Development Goals
(MDGs) 4 has set country targets to reduce the under-five
mortality rates (USMR) by two thirds by 2015, governments are
seeking to identify promising ways to improve the delivery of
effective life-saving interventions, often within the context of
limited financial and human resources.

mHealth, the facilitation of improved healthcare services, health
outcomes and provision of information via mobile and wireless
technologies [4], has created a unique opportunity to transform
the way in which global health challenges can be tackled. At the
end of 2013, there were more than 6.8 billion mobile subscriptions
worldwide, with 89% of them in developing countries. [5] Most
people living on no more than USD 1 per day have access to these
ubiquitous mobile phones, which have leapfrogged the pace of
conventional landline infrastructure development. Numerous
organizations have recognized the potential of harnessing mobile
platforms [6] and have begun to explore ways to employ mHealth
innovations to improve the delivery of maternal and neonatal
health (MNH) interventions and practices. Sparse resources, vast
populations and numerous socio-cultural barriers have challenged
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continued progress towards the MDGs in many settings,
specifically MDGs 4 and 5, which are lagging behind. [7] Among
the persistent health system challenges to improving these key
maternal and newborn indicators are the lack of timely and
actionable disease surveillance, a shortage of professional health
workers, delays throughout the health delivery system, poor supply
chain management and use of counterfeit drugs. [8] Driving the
many experiments with mHealth is a belief that such strategies can
help to overcome the health system challenges through improved
access, transparency, and accountability while reducing costs and
time. [9] mHealth initiatives also show promise in reaching
underserved populations, particularly those in the developing
world, changing health behaviors and outcomes, and addressing a
wide variety of healthcare challenges. [10] The mobile platform
presents the unique capability to strengthen the role of community
health workers (CHWs) to deliver higher quality healthcare
services wherever people are—not just in healthcare facilities [11].

mHealth for community health workers on maternal and
newborn health services

Capitalizing on the ability of mobile technologies to facilitate
communication and remove barriers to healthcare, mHealth can
support critical interactions between CHWSs and families. [12,13]
A review of recent mHealth approaches and examples of MNH
interventions leveraging mobile technologies produced a number
of illustrative examples. [14] [File S1] Projects have been selected
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Table 1. Examples of mHealth programs on MNH services through CHWs.
mHealth benefit/impact evidence
Project Country Organization Interventions mHealth strategies on service provision
Wired Tanzania Danish (i) Family planning (i) Data “The mobile phone intervention was
Mothers International (i) Behavior collection and management associated with an increase in
Development changes through Information, (e.g. Risk assessment antenatal care attendance. In the
Cooperation, Education and Communication  and classification, intervention group 44% of the women
University of (IEC) (iii) Antenatal Vital events tracking, received four or more antenatal care
Copenhagen care(ANC)/Expanded adherence reminder) visits versus 31% in the control group
Program on (i) SMS texting for (odds ratio (OR), 2.39; 95% confidence
Immunization (EPI)/Postnatal health promotion and interval (Cl), 1.03-5.55). There was a
care(PNC) (iv) Skilled birth scheduled visits trend towards improved timing and
attendance(SBA)/Facility reminder quality of antenatal care services
delivery (with mobile phone voucher across all secondary outcome
(FD) components) measures although not statistically
significant.” [22]
“The mobile phone intervention was
associated with an increase in skilled
delivery attendance: 60% of the
women in the intervention group
versus 47% in the control group
delivered with skilled attendance. The
intervention produced a significant
increase in skilled delivery attendance
amongst urban women (OR, 5.73; 95%
Cl, 1.51-21.81), but did not reach rural
women.” [34]
“The perinatal mortality rate was
lower in the intervention clusters, 19
per 1000 births, than in the control
clusters, 36 per 1000 births. The
intervention was associated with a
significant reduction in perinatal
mortality with an OR of 0.50 (95% ClI
0.27-0.93). Other secondary outcomes
showed an insignificant reduction in
stillbirth (OR 0.65, 95% Cl 0.34-1.24)
and an insignificant reduction in death
within the first 42 days of life (OR 0.79,
95% Cl 0.36-1.74).” [40]
Maternal Ethiopia University (i) Family planning (i) SMS texting for “Women who had additionally
and Research Co., (i) Behavior changes health promotion and attended 2 or more CMNH meetings
Newborn LLC, Quality through IEC scheduled visits with family members and had access
Health in Improvement (iii) ANC/EPI/PNC reminder (e.g. to a health extension worker’s mobile
Ethiopia Advisor for promotion of phone number were 4.9 times more
Partnership the Maternal community maternal likely to have received postnatal care
(MaNHEP) and Newborn and newborn health (OR, 4.86; 95% Cl, 2.67-8.86; P _.001).”
Health in family meetings and [41] “Notification of health extension
Ethiopia labor and birth workers for labor and birth within 48
Partnership notification) hours was closely linked with receipt
of postnatal care. Women with any
antenatal care were 1.7 times more
likely to have had a postnatal care visit
(OR, 1.67; 95%; 95% Cl 1.10-2.54; P
_.001)." [41]
E-IMCl Tanzania D-Tree (i) ANC/EPI/PNC (i) Behavior (i) Point of care decision “For all ten critical IMCl items included
changes through IEC support through compliance in both systems, adherence to the
to IMCI protocols protocol was greater for eIMCI than
for pIMCI. The proportion assessed
under pIMCI ranged from 61% to 98%
compared to 92% to 100% under
elMCI (p<<0.05 for each of the ten
assessment items).” [25]
Project Zambia, UNICEF (i) HIV-antiretroviral (i) Data " SMS delivery of results can increase
Mwana Malawi therapy (ART) surveillance collection and management turnaround times by 50% on average,
and treatment (i) SMS texting for health with a greater positive impact in rural
promotion and scheduled facilities” [42]
visits reminder
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visits reminder
(iii) Emergency medical referral
(e.g. referral calling)

Project Country Organization Interventions mHealth strategies on service provision

Better Thailand- Mahidol (i) Family planning (i) Data “ANC/EPI coverage in the study area

Border Burma University, (i) ANC/EPI/PNC collection and management along the country border improved;

Healthcare Thailand (ii) SMS texting for health numbers of ANC and EPI visits on-time

Program promotion and as per schedule significantly increased;

scheduled visits reminder there was less delay of antenatal visits
and immunizations” [43]
RapidSMS-MCH  Uganda Ministry of (i) Family planning (i) Data Study reported “a 27% increase in
Health (i) Behavior changes collection and management facility based delivery from 72%
Uganda, through IEC (i) SMS texting for health twelve months before to 92% at the
UNICEF (iii) ANC/EPI/PNC promotion and end of the twelve months pilot
(iv) SBA/FD scheduled visits reminder phase.” [44]

Rural Extended Uganda Ministry of Health, (i) Behavior changes (i) Emergency medical referral “improved communication and

Services and UN Population through IEC (e.g. referral calling) with transportation links between the

Care for Fund and the (i) ANC/EPI/PNC transportation services Traditional Birth Attendants (TBAs)

Ultimate Uganda Population (i) -SBA/FD and the health posts resulted in

Emergency Secretariat increased and more timely referrals as

Relief (RESCUER) well as the improved delivery of

healthcare to a large number of
pregnant women”... “The increased
number of deliveries under trained
personnel and increased referrals to
health units led to a reduction of
about 50 percent in the maternal
mortality rate (MMR) in three years”
[45]
M4RH Kenya, USAID, FHI 360's (i) Family planning (i) Data User interviews reported various
Tanzania PROGRESS (i) Behavior changes collection and management positive responses including “the text

(Program Research through IEC (i) SMS texting for health messaging service was perceived as

for Strengthening promotion and scheduled being private, convenient, and cost-

Services) visits reminder effective.” [33]

PREVEN Peru Cell-Preven (i) Sexual and (i) Data Lessons include “Two-way
reproductive health collection and management information systems are more than
surveillance and (ii) SMS texting for just collecting data. They provide
service delivery health promotion and feedback and support to health care

scheduled visits reminder workers in the field. Many times, only
managers have information that
allows them to monitor and evaluate
data but these systems do not prove
any aggregate value to health care
workers in the field. A well-designed
information system has to support
and enhance the performance of all
user levels in a secure environment.”
[30] “Prahalad (2005) has reported
that health workers in some
developing countries spend as much
as 40% of their time filling out forms,
compiling and copying data from
different pro-grams (e.g., tuberculosis,
malaria, HIV/AIDS, etc.). By choosing
the most appropriate information
technology, we can avoid duplication
and deploy different devices-i.e., cell
phones, Internet-to report from each
public health program.” [30]
Aceh Besar Indonesia UNICEF, UNFPA, (i) Behavior changes (i) Data collection “Findings from the project indicate
Midwives and through IEC and management that the mobile phone has proven to
World Vision (i) ANC/EPI/PNC (ii) SMS texting for health be an effective and efficient device for
(iii) SBA/FD promotion and scheduled facilitating smoother communication,

and allowing speedier emergency
response. The system also aids in
gathering and disseminating health-
related information to midwives, who
in turn convey this knowledge to the
patient community.” [13]
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Project Country Organization Interventions mHealth strategies on service provision
MAMA Bangladesh, mHealth (i) Family planning (i) Data collection MAMA Bangladesh Aponjon project
India, and Alliance (i) Behavior changes and management represented “a 37% increase over a
South Africa through IEC (ii) SMS texting for health 2011 national baseline of 26%
promotion attending four ANC visits. It is also
and scheduled important to note that 45% of the
visits reminder Aponjon subscribers went to a facility
for delivery and 32% chose safe
delivery at home” [32]
MOTECH Ghana Grameen (i) Family planning (i) Data collection Comprehensive observational studies
Foundation (i) Behavior changes and management demonstrated lessons learned and key
through IEC (ii) SMS texting for health future implications. [28] Evaluation is
(iii) ANC/EPI/PNC promotion on-going with Grameen Foundation,
(iv) SBA/FD and scheduled visits reminder Healthcare Innovation Technology

LAB (HITLAB), and Ghana’s School of
Public Health. [29]

(i) Emergency medical referral
(e.g. referral calling)

SOURCE: Compiled from references [13,22,25,28-29,30-34,40-45].
doi:10.1371/journal.pone.0102224.t001

based on demonstrated lessons, benefit or impact evidence in
coverage improvements; these illustrative examples of strategies
used across the MNH continuum have been summarized in
Table 1.

Numerous mHealth strategies for CHWs leverage mobile phone
connectivity and computing capacity to enable task shifting,
bolster core skills, enhance outreach and facilitate referral, while
mmproving data collection and transmission. [15] [16] Key
examples of mHealth platforms, engaging CHWSs delivering
MNH interventions, involve data collection and management
(e.g. risk assessment and classification, vital event tracking) [17]
[18] [19], Short Message Service (SMS) texting for health
promotion and scheduled visits reminder [20] [21] [22], emer-
gency medical referral [23] and point of care support [24] [25],
often through two simple functions, voice communication [26] and
texting [27], and sometimes with customized applications, linked
to more complex back-end, or server-side, messaging and
information services. To help CHWs register and identify women
and newborns in their area who need healthcare services, Mobile
Technology for Community Health (MOTECH) [28] [29] and
Cell-PREVEN [30] use electronic handheld devices for texting or
data collection and management through mobile phones or
personalized digital assistants (PDA), automating the process of
tracking patients who have received care. During the maternal
postpartum/neonatal postnatal period, Mobile Alliance for
Maternal Action (MAMA) [27,31] [32] and Mobile for Repro-
ductive Health (m4RH) [33] use voice communication and SMS
texting to remind scheduled antenatal care (ANC) or postnatal
care (PNC) visits and to promote behavior change and commu-
nication messages (BCC) in the antenatal/early pregnancy period.
At birth, Wired Mother uses SMS reminder and mobile phone
voucher component to promote facility delivery. [34] In this way,
these programs help improve health-seeking and preventative
behaviors of pregnant women, new mothers and their families,
such as skilled birth attendance, immediate exclusive breast
feeding, wrapping of the newborn, clean postnatal practices, and
danger sign recognition. To improve child health and reduce
childhood mortality and morbidity, Interactive Research and
Development (IRD) [35] and mTikka [36] use text messaging
systems with cash incentives to facilitate routine immunization
programs, sending reminders to registered parents when their
child is due for immunization and/or to provide health promotion
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notifications for immunization campaign days. These mHealth
applications, such as Electronic Integrated Management of
Childhood Illness (eIMCI), have also been utilized to guide point
of care support in which CHWs adhere step by step to Integrated
Management of Childhood Illness (IMCI) protocols, a standard-
ized strategy developed by the World Health Organization
(WHO) and UNICEF to reduce mortality and morbidity among
children younger than 5 years of age [37] [38].

While there has been a growing body of evidence that has
documented the benefit of mHealth as exploratory or observa-
tional studies, few studies systematically demonstrated effectiveness
of mHealth strategies to promote MNH service delivery. Free et al
conducted a comprehensive systematic review and meta-analysis
on the effectiveness of mobile health technologies to improve
health care service delivery processes. The findings demonstrated
that the pooled effect on appointment attendance using SMS
reminders vs no reminder was increased, with a relative risk (RR)
of 1.06 (95% confidence interval (CI), 1.05-1.07). [39] Wired
Mothers, based on a clustered randomized controlled trial in
Tanzania, recently demonstrated a positive effectiveness of
mHealth in improving ANC attendance (odds ratio (OR), 2.39;
95% CI, 1.03-5.55) [22], skilled birth attendance (SBA) utilization
(OR, 5.73; 95% CI, 1.51-21.81) [34], and perinatal mortality
reduction (OR, 0.50; 95% CI, 0.27-0.93). [40] Maternal and
Newborn Health in Ethiopia Partnership (MaNHEP) stated,
“Women who had additionally attended 2 or more community
MNH meetings with family members and had access to a health
extension worker’s mobile phone number were 4.9 times more
likely to have received postnatal care (OR, 4.86; 95% CI, 2.67
8.86).” and “Notification of health extension workers for labor and
birth within 48 hours was closely linked with receipt of postnatal
care. Women with any antenatal care were 1.7 times more likely to
have had a postnatal care visit (OR, 1.67; 95% CI, 1.10-
2.54).”[41] Project Mwana, using mobile phones to improve early
infant diagnosis of HIV and postnatal follow-up and care, reported
that “SMS delivery of results can increase turnaround times by
50% on average, with a greater positive impact in rural
facilities.”’[42] The Better Border Health Program on the Thai-
land-Myanmar border combined web-based and mobile technol-
ogy to generate Antenatal Care/Expanded Program on Immuni-
zation (ANC/EPI) visit schedule dates and update scheduling
status, showing “ANC/EPI coverage in the study area along the
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Figure 1. mHealth Health Service Coverage Increase Impact Model. SOURCE: Authors.

doi:10.1371/journal.pone.0102224.g001

country border improved; numbers of ANC and EPI visits on-time
as per schedule significantly increased; there was less delay of
antenatal visits and immunizations.” [43] In Uganda, RapidSMS-
Maternal and Child Health reported a 27% increase in facility
based delivery from 72% to 92% at the end of the twelve months
pilot phase. [44] Also, the Rural Extended Services and Care for
Ultimate Emergency Relief (RESCUER) Project demonstrated
that improved communication and transportation links between
traditional birth attendants and health posts resulted in increased
and more proximate referrals as well as the improved delivery of
healthcare to a large number of pregnant women. A notable
impact of the project was that, “the increased number of deliveries
under trained personnel and increased referrals to health units led
to a reduction of about 50 percent in the maternal mortality rate
(MMR) in three years,” [45] although this reduction was not
exclusively attributed to the mHealth intervention.

The mechanisms by which mHealth promotes service delivery
can be explained through an impact logic model. Figure 1
demonstrates how mHealth systems can contribute to increased
uptake of health services, including ANC, Skilled Birth Atten-
dance/Facility Delivery (SBA/FD), Breastfeeding (BF), and PNC.
The simple yet powerful functions of mobile phones such as data
registration/management and texting/calling could facilitate
health service delivery in low resource settings by promoting both
demand and supply. First, in terms of demand promotion,
mHealth can send SMS reminder messages to mothers in order
to enhance knowledge and promote timely and appropriate care-
seeking and therefore enhance utilization of health services.

PLOS ONE | www.plosone.org

Second, in terms of supply promotion, mHealth can promote
supply management which can reduce the risk of stock-outs and
facilitate referrals between CHWSs and doctors. [46] mHealth also
can enhance performance productivity or efficiency through real-
time task monitoring or decision support tools. [38] When
appropriate, mHealth could help task shifting through education
and training, where limited numbers of skilled health workers are
available [47].

Despite these promised results, many projects in developing
countries have not established comprehensive quantitative evi-
dence demonstrating the extent to which SMS reminders or calls
contribute to improving coverage or changing mortality related to
the MNH interventions. Mechael proposed that “the important
next step is that key mHealth stakeholders consider focusing on
catalyzing the testing and scale up of interventions that show
promise in achieving key health outcomes as laid out by the
Millennium Development Goals (MDGs) for health.”[48] In the
absence of more comprehensive evidence, however, conclusions
on priorities and mHealth potential remain merely presumptive.

What is LiST?

The Lives Saved Tool (LeS7, www.lvessavediool.org) is a software
that can be used to identify priority areas for maternal, child and
neonatal health investment by allowing users to analyze multiple
scenarios to estimate the potential health impact associated with
improvements in coverage of interventions of known efficacy. [49—
54] LiST, based in the Spectrum software, was initially developed

5 July 2014 | Volume 9 | Issue 7 | e102224


www.livessavedtool.org

by the Child Health Epidemiology Reference Group (CHERG)
for the WHO and UNICEF with technical content presently
managed by the Johns Hopkins Bloomberg School of Public
Health’s Institute for International Programs. It combines current
mortality rates and health intervention coverage changes over time
with evidence of effectiveness to model changes in numbers of
maternal, neonatal, child (1-59 month) deaths and stillbirths as
well as rates/ratios. Impact can be categorized by (a) year of
implementation; (b) population sub-group (e.g. mothers, new-
borns, children under 5 years); (c) cause of death and/or (d)
intervention. [55-59] LiST marries data on the effectiveness of
critical MNH interventions with estimates of service delivery
coverage to estimate the impact of implementing a given service/
intervention as part of a larger package or as a stand-alone
endeavor. Users can modify coverage rates based upon external
assumptions about the intensity of support provided (including
level and duration of financial support), status of the health
infrastructure, quality of program implementation, and other
relevant contextual factors. The impact of implementing MNH
services as part of a larger continuum of care can then be modeled.
[52] Ultimately, a measure of impact emerges in terms of deaths
averted. [60] Many studies have demonstrated considerable
validity of its modeled results. [50,52,53] More specific methods
and assumptions behind the L:57 modeling have been published
[56,61].

Why LiST

In a recent review of mHealth strategies, [11] we proposed that
a reframing of mHealth should be encouraged, viewing mobile
technologies as a mechanism to improve the coverage of
interventions of known efficacy (e.g. Vaccines, Antenatal Care,
Skilled Birth Attendance). This approach facilitates the measure-
ment of the estimated impact of mHealth investments, focusing on
coverage and process indicators, instead of distal survival
outcomes. In this respect, we explore the use of LiST as a tool
for planning and prioritizing strategic guidelines for mHealth-
based strategies targeting interventions delivered by CHWs, aimed
at reducing maternal, newborn and child mortalities. Three
prominent features of ST allow it to be a useful modeling tool for
estimating the potential effect of mHealth. First, ZiST uses coverage
as an input parameter, determining the level of health service
coverage increases from the present time toward a target year, to
model the mortality impact of scaling up a specific maternal,
newborn and child health intervention. As noted above, given the
nature of mHealth facilitating health service provision of proven
intervention, coverage—defined as a percent of a population in
need who received a particular health intervention—is often
regarded as an important health service outcome indicator in
mHealth program evaluation, reflecting measures of access and
quality of health provision. Second, LiS7 models the effects of
changes in individual-level interventions such as exclusive breastfeeding
of a newborn or Oral Rehydration Solution (ORS) treatment of a
child with diarrhea. This is applicable to the characteristics and
benefits of mHealth with its capacity in connecting and linking
health services for individuals. Third, Z:ST modeling can be used
as a tool to investigate not only single interventions, but also a set
of specific interventions, which may be combined into packages. This
approach can mimic mHealth programming, which often
promotes an integrated approach across different health interven-
tions through a common service delivery platform. For example,
text messaging can be used to distribute various behavior change
messages, reminders of services for ANC visits, breastfeeding
promotion, and vaccination scheduling. More importantly, LiST
systematically calculates the mortality impact of individual or
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combined interventions based on the evidence pool embedded into
the system. This cross-cutting approach can not only improve the
potential value of mHealth investments, but could create synergy
and improve efficiency in implementing several interventions at
the same time. Rather than creates new silos of health innovation,
mHealth optimizes a standardized service delivery protocol to
connect resources across health system programs. In this respect,
this study explores the use of LiST to model mHealth strategies in
two countries, Bangladesh and Uganda, estimating the neonatal
mortality averted from different scenarios involving maternal and
newborn health program interventions.

Methods

Bangladesh and Uganda were selected in particular due to their
relatively high neonatal mortalities (27 and 26 per 1,000 live births
respectively, as of 2010) and the fact that mHealth programs have
been positively recognized by their governments and actively
implemented on the ground. The baseline data sources, embedded
in LuS7, draw from multiple academic publications and statistics
from Demographic and Health Surveys (DHS), Multiple Indicator
Cluster Survey (MICS), UNICEF, and the World Bank. Among
the inputs in LiS7, four key interventions—Antenatal care (ANC),
Skilled birth attendance and/or Facility delivery (SBA/FD),
Breastfeeding promotion (BF), and Postnatal care (PNC) —were
identified as representative core health services across the
continuum of care for MNH. Specific definitions and the
components of the interventions applied in the LiS7T are explained
in Table 2 and File S2. Using 2015 as the target year, scenarios
were created examining various coverage increase targets and the
impacts of bundling packages of interventions.

Three analyses were conducted for each of the countries to
determine the estimated impact of different intervention packages
on neonatal mortality. The first analysis modeled improving
coverage of four key MINH imnterventions, ANC, SBA/FD, BF and
PNC to three different target coverage levels—10%, 30%, and
50%. The target coverage in 2015 was defined in a relative manner
by multiplying the baseline coverage of each intervention in 2011
by 110%, 130% and 150%. We do not have enough evidence to
set particular absolute target coverage numbers for any interven-
tion. These hypothetical coverage increase scenarios can be
considered as a fairly feasible and conservative approach, given the
practices and evidence, as discussed above. We assumed a linear
growth in coverage, from the baseline year 2011 to the target year
2015. The mortality impact outcomes were compared across
different coverage increase scenarios, and health interventions
scenarios. (Table 2).

The second analysis focused on bundled packages of interven-
tions based on common mHealth strategies, as mHealth strategies
can facilitate integrated interventions through a common com-
munication channel or service delivery pathway. For this analysis,
we compared the impact of increasing coverage of combined
interventions (“BF & PNC” and “ANC, SBA/FD, BF & PNC”,
called All-combined) at the same target coverage levels (10%, 30%
and 50%, respectively). The bundling of key MNH interventions
centered on data collection/registration and SMS reminder for
scheduled visits (ANC), referral calling and emergency medical
referral (SBA/FD), and healthy behavior promotion via text
messages (BF & PNC).

The final analysis was created to identify the optimal mix of
services and tradeoffs in coverage by comparing four individual
and two bundled interventions scenarios: 1) ANC, 2) SBA/FD, 3)
BF, 4) PNC, 5) BF & PNC, and 6) All-combined. While
vaccination is one of the key interventions in the MNH continuum

July 2014 | Volume 9 | Issue 7 | e102224



mHealth Mortality Impact Modeling on Neonatal Health Service Delivery

200¥+72z0L0"3uod jewnol/L Z€1°01:10p

YuIg JO sAep Z UIYLIM 1ISIA/1DBIU0D Yijeay |ejeulsod e ylm SIUBjUl JO 1UI3d (DNd) @4ed |ejeulsod aanejusanaid

‘(SUIWBYIA pUe ‘S9UIDDBA ‘Uolledipaw snjd) Pooy 1oy 3|Iw 1sealq AJuo BUIAIDIBN SYIUOW | |—Q UIP|IYD JO U :(49) Bulpasjiseasq aAIsnpx3

1eAB DOWID 10 DHOWIG dArY saldueubald 9531 JO SUOU 1Y) SWINSSe P1IJ[DS DJED [BIIUDSSD UM SSLIDAIRP JO Juad4ad 2y 0§ “AIaAIp Jejndiied 1ey) Joj 3|gejieAe S| 1ey) 21ed JO [9A9] 1534 BIY Yl Swinsse paisi| san|eA 8yl 1ey) 310N
"0500L UBY) 310W OU 9q I1SNW S|9A3| AISAIISP DAl ||B JO WINS Y| "SINJeA 353Y] JO A1JUS 10911p MO||e 01 AISAIISP JO [9A3] pue 3de|d 91ejNdJeD 01 [§IT MO||Y, XOg a1 }2aydun Ajdwis Aq 1S/7 9y) ul suondwnsse ay) jo Aue abueyd ued siasn -
‘Awoyoisids pue [013u0d UoNd3UI [B216INS ‘dOAHIN ‘21n1ebi| suusIn ‘apeuodwe) uoojjeq ‘AwololsiydwiAs ‘AWo1a1915AY ‘UOIIS UeLesaRD ‘Uoisnysuel) poolq ‘Awodabuidies ‘Awololede| ‘UoidNpuUI ‘SISSIUSDOP|ND ‘PUNOSEIYN :DPN[PUI SPOYIDW
Jeuonippe ‘a1eD) 2u1R1sqQ Aduabiawig diseg ul suoiULAIRIUI [|e Bulpnjdul 01 uonIppe uj “suonedljdwod JL1R1SqOo 1D3IP JO JudWwabeurw dSED SISA0D pue [eldsoy e 18 SSUSAIRP JO JURdIRd (218D dU1R1sqQ Adusbiaw aalsusyaidwod) HowI) -
's1onpoud paulelas pue ejuadeld Syl JO [BAOWSI [eNUBW Pue AISAIIBP [eIUSWINIISUL ‘SPIN Al DGV ‘o114 uled ‘Juswabeuew %20ys :9pnjdul SPOYIS|A UOIDSJUl 919A3S pue abeyiiowsy wnued-1sod ‘Joge| pa1dniisqo/pabuojoid
‘abeyiowsay wnyed-ajue Jo Juswabeuew dseD :S9PNJOUI UOIUSAIRIUI 9] SUOILD]|dWod 113150 193.IP JO JUSWSBBURW 9SBD SISA0D PUE J91USD U[eay B 1e SSLISAISP JO JUIIDJ (248D d1191sqQ Adusbiawg diseg) HowIg -
‘Bumnd pi1od uespd pue aied [ewiay) J0) buiddeim d1eipawiwl 4O 19BIU0D UIS-01-upjs ‘Bulkip aleipawwi :buipnppul sadndeid aied aunnos

SapNDUl SIY1 ‘91eUOSU dY] 104 "Papadu J ‘d|gejieAe si Awololsid] ‘AISAISp ue3|d e eIA |041U0D UOIId3JUl pue suonedldwod jo uondalep ‘ydeiboued e yum ssaiboid Joge| Burionuow Buipnpul S3LSAIIDP JO 1USID :D1eD [BIIUSST -
‘9WOY 3yl Ul Juepualle pa||ifs B YIM SSLISAISP JO 1USDI9d :DWOY 1B SILISAIIRP PaisIssy -

‘9WOY 3Y] Ul ddUepudlle PI||BS INOYUM SILIDAIIDP

JO U213 :SDLIDAIRP PIISISSEUN "UOIINUISUI UB Ul UIOQ UIP|IYD JO 1UdIDd :(ad) A1aA1jap Aujided ‘sadnoeid yiig uesjd Japun paianod si [0J1U0D UOIDS)U| "papadu Ji ‘d|qe|ieAe si Awoioisid] ‘suoneddwod 1919p pue ydeiboued
e yum ssaiboid Joge| JojluoOW 0) PIPIJU SANI|IDE) pue A) e} B Ul ygS Uy "Aousbisaws Jo ased ul A)[1de) e 0] [B4I9)94 JO 11J2US] INOYUM SWOY 1. JUBJUI S SSLISAIRP
OUYM JUePUSNIE YUIG PI[|YS B SB PAULSP SI SWOY Y] Ul YgS UY "SWoy 1o A1ijIde) B Ul -SSAIMPIW ‘$9SINU ‘S10100p Bulpn|dul ‘9duepuslie paj|s e Agq papualle aie OYM Ulog UIP|IYd JO 1USDISd :(VdS) @duepuaiiy Yyiiig pa|Ins
*'SOIW/SHQ Wouy S1 DNV JO 924n0s ele@ "PIde d1j04-UoJl 9pN|dul 10U S0P SisAjeue siy] ‘(Juswabeuew pue UoNDAIDP UONDUISAI YImoib [e194) 1oyl ‘(eisdweda-aid jo Juswabeuepy ‘sa1agelq) Juswabeuew ase) ‘(uonejuswslddns
wnid[ed) [eUOLINN ‘(Juswieal) pue uoldalap sijiydAs ‘dld| ‘11) aunnoy sapnjpul uonuaAIdlul ay] “Adueubaid J1ayl Buunp SUSIA 91D [P1RUSIUE 7 1SED| 1B YUM UdWOoM Jueubaid Jo 1uadIRd :(+F DNV) 24ed [ejeusjuy
‘swyloble pappaquil £S/7 aY) Woy

paAuap aie bulpasjisealq |eiued pue ‘Buipasjisealq ueuiwopaid ‘buipasisealq SAISNPXD (DOWID ‘“DOWIG ‘91ed [e1IUSSSD) SILIDAIRP Al|IDR) ‘(BWOY 18 SILIDAIIDP POISISSe ‘SOLIDAIDP PIISISSEUN) SILIDAIIDP SWOY JO SUOIRWIIST .y
'swyioble pappaquil [§/7 UO paseq d4e SaLBAIRP Al|IDe) pue SaLIDAIIRP

awoy Jo sabejuadiad pue SHIN/SHA WOy S| 4 Pue ygs JO 35in0d eleq "9%0S PUe ‘9%0€ ‘%01 Se Ajsnoauelnwis g4 pue ygs Joj asealdul 9beisnod psjepow am snyj "d4 JO 2inseaw 96eI9A0D sapnpdul ¥gS JO ainseaw 96eIano),
(9007 'ysape|bueg :¢ punoy SDIN) A3AINS J21sn|) Joledlpu|

aidnny ‘(L L0z ‘ysape|bueg pue epuebn :SHQ) sASAINS YyijeaH pue diydesbowsg wouy pajidwod a1am elep a6e1anod suldseq:[£9] [L995] saja1ue paysiignd pue sjenuew |17 935 ‘S92IN0S B1ep pue SUOIlIULSP Pa|Ie1ap 104 :SI0N
1S!7 :3054N0S

(9d210e4d [ereulsod ues|) ‘aled |ewssyy)

(474 9'¢ L€ 8'C 14774 '8¢ 9ce 9'6C 2Jed |ejeulsod aAULARI] ELNEVETR|
Sy 8Y 0's ) S8 06 76 96 x«DUIP9R)ISERIq [RILIRY
a4 Ly 67 0's s S'S s 6'G #«DUIP3J1se3Iq WEUIWOP3ld
0'L6 906 L'06 668 €98 968 618 S8 #xDUIP33)1sERIG 3AISNIX]
(Yauow |>)
9oudjeaasd pue uonowoid
TS TSy €8¢ 8vE SPS T 66 €9¢ Buipaasjiseaiq Jo uonowoid Buipsajpiseaig
LS 2474 6'LE vve 98 S'L €9 6'C #xJ0W3ID
6L Ll S'6 9'8 €l [N S6 00 *xJ0W3g
ST 98l gsl £yl 9Lz L8l gsl 6'ST %491€D [R1JUSSST  (SDLBAIIIP [[2 JO 9)xxSOUBAIDP K
«xPwoy 1e
60 80 L0 90 (2% g€ I'e 6T SOUDAIPP PaASISSY
o€l 9T [4°]3 oty ¥'es 8'8S s9 €89  xxSOUIAIBP P31SISSRUN  (SSHSAIISP |[B JO %) xxSSUSAIISP SWOH
1’98 VL 1'€9 v'LS [434 vLe L'LE 8'8¢ (leudsoH pue du|d) LAianiap Aujioed
0'/8 ATA 8'€9 0'8S 9Ly Cly 8Ye L'LE «2Uepusne yuiq paj|ms yuigpiyd
viL 619 'S 9Ly €8¢ cee 18T (74 (+¥ DNV) 2Jed |ejeusiuy Aoueubaid
%0S %0€ %0L %0S %0¢€ %0L
(S102) aseanul abesanod payafold (L102) duldsed (g g7) aseasdul abeianod paydafosqy (L 1OT) duljeseq
epuebn ysope|Bueg (p3129]3s) suonuanIu| /S/7

*(SL0Z ul 1eak 19bue) pue |0z ul Jeak auldseq jo sis1dwesed 1ndul) epuebn pue ysape|bueg ul SOLBUSIS SSBIIDU| S6RIDAOD pue SUOIIUSAISIU| SIT T dgel

July 2014 | Volume 9 | Issue 7 | e102224

PLOS ONE | www.plosone.org



mHealth Mortality Impact Modeling on Neonatal Health Service Delivery

€00Y'4Z7Z010"3u0d |[euInol/| L£1°0L10p

'SLOZ 03 10T Ul duljdseq wioly YN Ul dbueyd a6euadiad e si () 910N

“1S!7:324N0S
(S£°0) 6€8L L¥8S ¥/8¢ vz6l (#£°0) 96¥6 [4°144 ve6y [4574 %0S
(9£°0) v18¥ 695€ 1234 09LL (#£°0) 1S69 86CS £8G€ 0z8L %0€
(Bujed |ewsyas “H9) [eLIyRI [EIIPAW Adusbiawg
Jspulwal
SUSIA paINpayds pue uonowoid yiesy oy bunxal SIS
‘(Japulwal duaIdype ‘bupdesy
SJUDAD [B1I ‘UONIEDYISSE|D PUB JUDWISSASSE YSIY 69)
(9£°0) 6€91 80CL 06/ 88¢ (¥£°0) SOy ovee 85T A4} %01 juswabeuew pue uoid3|0d eled DNd?® 48 ‘4/¥4S DNV :paulquiod-||y
(£0) 8LL 98 9S JA4 (¥£°0) 8961 871 666 [ %0S
(9£°0) 89 0S [43 9L (r£0) €811 768 009 [4}3 %0€
(Ispurwal S1SIA paNpayds pue)
(6£°0) ¥ 8l L S (#£°0) 66€ LO€E [4u4 <ol %0L uonowoud yjeay oy bunxal SINS ONd ® 49
(1) €8 ¥S 9C 0 (#£°0) 8881 LTyl 856 [4:14 %0S
(1) v 0€ Sl 0 (#£°0) SELL 858 9LS 06T %0€
(J9purwial SUSIA PaINPaYds pue)
(1) 21 48 9 0 (¥£0) €8€ 68¢ 6l 86 %01 uonowoud yyjeay oy bunxal SINS ONd
(£L°0) s€ 9C 9l 8 (s£°0) 08 19 34 0C %0S
(¢20) 81 vl 8 S (sz'0) 8t 9¢ 14 cl %0€
(VA S € C (sz0) oL 4} 8 v %01 uonowoid yjedy 1oy bunxel SWS 48
(SL°0) vLLL €945 L18€ 681 (wL0) L1LL 788S ¥86¢ Leoz %0$
(9£°0) 8€LY clse clee A48 (¥L°0) ££8S (VA4% Lcoe 0gsL %0€
(Buyjje> [esssyas 6°9)
(9£°0) L19L L811 9LL 18€ (¥£°0) 9L0¥ 8¥0¢ §S0C 8¢0L %01 dw Ausbiawy ad/ves
(8£°0) €T Ll L S e 4 L 0 %05
(6£°0) ¥L oL L € (N} L L 0 %0¢€
JSpuIWaL SUSIA P3INPAYIS
pue uonowoud yyesy Joy bunxsl SNS
‘(1apulwal dduaIBYpe ‘bunjdell SJUSAS [eUA
‘UONIBDNISSE[D PUR JUBWISSSSE YsiY '63)
(80) S € [4 L xxx(1) O 0 0 0 %01 JuswWabeuew pue uond3||od eleq DNV
sLoT riLoT €10T (41114 sLoT rLoT €10C [4¥14
epuebn ysape|bueg
paAes saA1] [E3RUOBU JO JaqWINU Pa3dafold s1L0zZ Aq sa1bajesis yijeaqw aanensn||| suonuaAIRU|

aseaJldul wmm._0>°U

"SLOZ ul epuebn pue ysape|bueg ul solleusds abeISA0) pue SuonUSAINUl HNW snouep Aq s1oedwy) Aljenioly [eleuos| € ajqel

July 2014 | Volume 9 | Issue 7 | e102224

PLOS ONE | www.plosone.org



mHealth Mortality Impact Modeling on Neonatal Health Service Delivery

Bangladesh Uganda
10000
9500
@ 9000
w 8500
£ 8000 -
Pl
g 7500 > 7
2 7000 7 7
£ 5 6500 — 7
c S 6000
o / - /
o 5 5500 d -~ /
5 g 5000 / T 7
2 g 4500 7 - S -
% S 4000 - — -
> / P d Leo® / P
<< 2 3500 / P TN / >
s 3000 - et -
000 Z, T s -
g 1500 ' Y L // - < cosee®” At
Z 1000 / N -
S [ e
0
2012 2013 2014 2015 2012 2013 2014 2015
ANC 10% ANC 30% ANC 50%
~~~~~~~~ SBA/FD 10% - --SBA/FD 30% ——SBA/FD 50%
-------- BF 10% - --BF 30% —BF50%
-------- PNC 10% - --PNC 30% —PNC 50%
10000
9500
@ 9000 //
w8500 7
= 8000
8 7500 / e
2 7000 / “
£ & 6500 // o //
€ 3 6000 -,
° > / 2 /
= ~
@ g 4500 v > — =
5 B 4000 — - e — —-
Z S 3500 - R, -
% 3000 v ~ e
[5) P L 7z P
5 2500 — 7 =
o 2000 rd A / o — -
£ dso | T =7
Z 1000 T T el
500 Rl -o:--o-o.oo-o---.o.ooo-ooo LR A aesst?
O I..l.......l.
2012 2013 2014 2015 2012 2013 2014 2015
cweees BF+PNC 10% - — BF+PNC 30% ——BF+PNC 50%
------ All-combined 10% = = All-combined 30% ——All-combined 50%

Figure 2. Neonatal Mortality Impacts by Various MNH Interventions and Coverage Scenarios in Bangladesh and Uganda in 2015.

SOURCE: LiST.
doi:10.1371/journal.pone.0102224.g002

of care, it was not included in these analyses due to the already
high baseline coverage levels reported for both countries, 86% in
Uganda and 95% in Bangladesh in 2011.

Results

Coverage values modeled for Bangladesh and Uganda for each
selected intervention at target year 2015 are presented in Table 2.
Modeled numbers of neonatal deaths averted in 2015 are
presented in Table 3. Comparisons of the mortality impact of

PLOS ONE | www.plosone.org 9

the four individual and two bundled interventions scenarios at all
three coverage levels are presented by country in Figure 2.
Comparing single interventions, SBA/FD provided the biggest
mortality impact relative to other intervention scenarios with
PNC, BF, and ANC, across both countries. For example, at 50%
coverage target scenario, SBA/FD was estimated to save 7717
neonates in Bangladesh and 7714 neonates in Uganda. Next, PNC
was estimated as the second biggest mortality impact in
Bangladesh with 1888 lives saved, while only 83 lives saved in
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Uganda. In fact, PNC lead to fairly limited mortality reduction
impact in Uganda because the baseline coverage was very low as
only 2.8%, compared to 29.6% for Bangladesh. BI' promotion also
lead to fairly limited impact to both countries as 80 lives saved in
Bangladesh with and 35 lives saved in Uganda. Examining the
ANC scenario, the least mortality impact was estimated to both
countries with 23 saved lives in Uganda and only 2 saved lives of
neonates in Bangladesh.

For the bundled interventions, All-combined interventions at
50% coverage scenario demonstrated, not surprisingly, the largest
impact in terms of neonatal mortality; the number of neonatal
deaths averted was higher for Bangladesh with 9496 saved lives
than 7839 in Uganda. Next, the bundled packages of BF & PNC
(with 50% coverage scenario) produced considerable impact with
1968 lives saved in Bangladesh, while only 118 lives saved in
Uganda. The difference is mainly driven by the considerable
mortality impact from PNC intervention in Bangladesh compared
to Uganda. However, overall it is important to consider that initial
baseline coverage of each intervention and mortality level differed
by country.

Discussion

Given that SBA/FD emerged as the most effective intervention
in terms of mortality impact in both countries, a possible
recommendation based on this modeling experiment would be
for a strategic focus on childbirth related interventions. Accord-
ingly, this analysis supports the implementation of mHealth
strategies such as facilitating emergency medical referrals for
childbirth-associated interventions during intrapartum crises. The
findings further highlight that despite a low baseline coverage of
SBA/FD in Bangladesh in 2011-almost two times lower (31.7%)
than (58%) in Uganda—Bangladesh demonstrates considerable
potential to reduce neonatal mortality by focusing on SBA/FD
interventions or combining SBA/FD with other interventions into
bundled packages, at the 50% increased coverage level. Further,
given the relatively greater mortality impact with bundled
packages of BF & PNC in Bangladesh, one cross-cutting
recommendation would be to use SMS text messaging to
encourage health promotion and behavior change, leveraging
the benefits of combined interventions, focusing on Information,
Education, and Communication (IEC) strategies. With the ability
to promote health service delivery, mHealth interventions may
offer the opportunity to increase coverage more effectively and
rapidly than standard methods.

In this early application of LiS7 on modeling the potential
impact of mHealth strategies, it is also important to note some
similarities and distinctions between general assumptions of LuST
based on standard healthcare delivery and the unique character-
istics of mHealth strategies. In addition, careful consideration of
major limitations and caveats in this approach is necessary to
correctly interpret the mortality impact and suggest appropriate
conclusions from the findings.

First, the level of mortality impact is influenced by the reported
initial baseline coverage level and evidence from standard care
practices. [File S2] For example, the baseline PNC coverage is
only 2.8% in Uganda and therefore the target coverage was set as
4.2% in the case of a 50% coverage increase. Accordingly, the
modeling resulted in a limited mortality reduction as well. In case
of BF promotion (with 50% increase scenario), the LiS7 modeling
algorithm assigned a mere 1-2% increase in BF prevalence of
exclusive breastfeeding based on the embedded country specific
evidence in Bangladesh and Uganda. mHealth interventions,
however, could potentially enhance BF prevalence significantly
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through individualized, timely, and targeted interventions for
behavior change, compared to a standard BF promotion
mtervention. On the other hand, in case of SBA/FD delivery
(with 50% increase scenario), the coverage projection of CEmOC
in Uganda is estimated as 86% by 2015, based on the baseline
coverage as 51.7% in 2011. mHealth referrals alone, however,
does not guarantee such a high coverage uptake without well-
prepared and organized health systems including transportation
access, medical commodities/equipment and skilled health pro-
fessionals.

Despite these caveats, this analysis adopted a relative target
coverage approach, evenly distributed across each year, instead of
setting an absolute target coverage number for 2015 or allowing
for a fixed incremental coverage increase in each year through
2015. As current mHealth studies have seldom presented
information pertaining to targets set for coverage nor measured
coverage over time precisely, it was challenging to base these
growth projections on actual field-based performance. Yet, the
relative target coverage modeling approach, using the existing
modeling algorithms based on standard care practices, allows for a
more consistent and conservative estimation across various
interventions and combinations of interventions. Here, we
assumed that the baseline coverage status reflects the level of the
health system capacity in scaling up a given intervention and thus
can be used to determine approximate target coverage for 2015.

Second, like many other modeling tools, the analysis (and LiST)
does not systematically consider health systems constraints in
achieving the target coverage. Even for well-known effective
interventions, the process of making real impact involves
understanding the substantial constraints or obstacles within the
broader context of the health systems. On one hand, mHealth
strategies may leverage economies of scale and thus increase the
coverage in some exponential fashion, as experience and efficiency
with the system improve. On the other hand, they are more likely
involve dis-economies of scale at the same time and increase
marginal costs when the intervention faces a number of health
systems constraints and challenges in remote areas or resource
limited settings. For simplicity, our analyses assume linear trends
over time, but acknowledge that complex health systems and
bottlenecks in expanding programs are likely to lead to a non-
linear adoption in intervention coverage.

Accordingly, the analysis (and LiST) does not explain how the
target coverage can be achieved. As noted, considering the
multifaceted complexity and logistic challenges to scaling up
health services,[62].

mHealth strategies, like any health system strengthening
innovation, requires well-trained health care providers, sound
supply chain management and stable technological platforms
which are often critical challenges in many resource-limited
settings. [63] As discussed earlier, while useful functions of
mHealth are expected to overcome health systems gaps and
obstacles, in reality, the success of well-functioning mHealth
system is significantly dependent upon the level of capacity and
readiness of the given health system. For instance, while our
findings present the considerable impact on SBA/FD, if SBA/FD
1s significantly constraint by geographical inaccessibility or lack of
skilled health professionals, then mHealth is likely to have limited
impact. Alternatively, if SBA/FD is available, accessible and
affordable but under-utilized, then mHealth may have a significant
role in increasing the coverage. In this respect, some successful
mHealth strategies may incorporate additional incentive mecha-
nisms (ex. conditional cash transfer, voucher programs) or access
mobilization strategies (ex. ambulance services) together to
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promote care-seeking practice or facility delivery for pregnant
women living in remote areas [34—-36,64].

Third, this analysis does not consider effective coverage [65]—
comprehensive sub-components of a given intervention package.
While Li:ST allows the user to control coverage inputs for sub-
components of some service interventions, this modeling did not
incorporate specific performance scenarios of sub-components.
For example, under ANC, there are several subcomponents such
as tetanus toxoid vaccination (I'l), intermittent preventive
treatment of pregnant women for malaria (IPTp), calcium
supplementation, multiple micronutrient supplementation, hyper-
tension disease management, diabetes case management, malaria
case management, and management of pre-eclampsia (MgSO4).
In this modeling study, we used a basic indicator of ANC—defined
as “percent of pregnant women who go to 4 or more antenatal
care visits during the pregnancy (ANC4+)”—with automatically
calculated components based on standard assumptions from the
current status of practice in the country. However, further
mortality reductions would likely be observed if mHealth
strategies, such as e-IMCI, delivering improvements in ANC
coverage were also accompanied by improvements in the quality
and comprehensiveness of the necessary sub-components of that
service. In this respect, the LiST results provide a conservative
estimate of the potential impact of mHealth strategies in this study.
In other words, future studies may develop scenarios that illustrate
how effective coverage-based models are expected to deliver
differences in mortality reduction associated with an intervention,
either crudely, or by accounting for specific sub-components of the
intervention, as needed.

Beyond modeling, prospective impact evaluation research
would be useful to validate these models and provide more
informed projections on potential coverage change associated with
various mHealth solutions across different contexts over time. For
instance, prospectively obtained data on coverage could also be
manually added to a LiST model, allowing estimates of associated
likely mortality reductions. Notably, this approach highlights the
potential of coverage indicators to serve as the primary metrics of
an evaluation strategy. Further, when possible, for even more
precise estimations for a specific program, the program may also
try to obtain available regional data on measures of health status
(e.g. levels of risk factors and population exposures, baseline cause-
specific mortality estimates etc.) to modify ZiST modeling inputs.
These indicators are often a less expensive (and time-consuming)
endeavor to measure than the mortality endpoints of impact
studies, yet can serve well for decision-makers seeking to
understand the potential — or actual — health benefit of different
investments into mHealth strategies.

In summary, with a special focus on coverage as a primary
measure of mHealth impact, L:S7T allows incorporation of two
potentially advantageous aspects of mHealth: accelerated coverage
“uptake” and improved coverage “quality”. For example, in terms
of the uptake, if an intervention (not limited to mHealth) protocol
and sub-components are similar to the defined intervention
criteria in the £iS7, different coverage increase rate among
various interventions can be used to compare the mortality impact.
In terms of the quality, if an intervention promotes comprehen-
siveness or compliance of service provision of an intervention
package, users can control some available sub-components in the
LiST to estimate the different mortality impact. In addition, when
appropriate, programs may set certain target coverage based on
relevant evidence from policy goals or resource constraints—instead
of relative target scenarios based on baseline coverage—to estimate
potential mortality impact. In this way, LiST can promote a
greater allocative efficiency in a societal perspective, to evaluate
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performance of health service provision across various interven-
tions, using coverage indicators. Further, this functional merit
allows itself to be a benchmarking tool by examining different
Impact estimates across various types of Intervention strategies or
between estimated target impact and observed real impact. The
gaps may allow researchers and implementers to infer potential
bottlenecks in the given health system or discuss priority
Intervention strategies.

Finally, while country-level impact estimation from ZLiST
modeling scenarios may be extremely useful in setting priorities
for mHealth (and even conventional public health) strategies, it is
important to ensure that the findings serve as ingredients for
informed discussion-making and not drive the selection of
strategies in a vacuum. Although our findings suggest the most
effective intervention to be SBA/FD coverage improvements,
based on the mortality impact estimations, LiST does not account
for the cost implications of increases in coverage or other health
systems constraints. As noted, mHealth solutions often require
additional funding and efforts to establish or connect to existing
back-end health information systems, equip staff with mobile
devices, conduct research to ensure effective deployment, advo-
cacy activities to raise awareness about the program and
improvements, and mechanisms to support and supervise health
workers. [66] Moreover, various cultural, social, and political
contextual factors mediate adoption and adaptation of new
mHealth systems. Thus, decisions on where to focus resources
and investments will have to be determined after taking into
consideration the feasibilities of interventions and the existing
health systems’ strengths and limitations in any particular context.

Conclusions

This analysis explored an application of the LiST tool for
planning and prioritization of mHealth strategies which could
improve coverage in four key MNH intervention areas: ANC,
SBA/FD, BF promotion, and PNC at three different target
coverage level improvements—10%, 30%, and 50%. Models were
run to estimate and compare the mortality impact of four key
individual and two combined MNH interventions in the two
countries examined, Bangladesh and Uganda. The model clearly
identifies the potential expected benefits associated with some
strategies and not others, while establishing possible ‘aspirational’
targets for projects in these focal areas. In the context of
Bangladesh and Uganda, the greatest benefits would likely be
associated with mHealth strategies targeting MNH interventions
at childbirth facilitating SBA/FD services. Moreover, Bangladesh
would see the positive benefit through a bundled interventions
approach leveraging a combination of BF promotion & PNC.

Although further validation of this model is needed, this study
represents to our knowledge, the first use of LiST as a strategy to
identify, for innovators and governments, priority areas for
mHealth strategic focus and investment. Our study may not only
serve to improve the scope and quality of the assumptions in LiST,
but also highlight areas where further research is needed on
effectiveness of interventions. Many of the interventions, where
insufficient data exist to estimate impact, are being used and/or
promoted in countries. Clearly if better health policy decisions are
to be made, additional efforts to collect data on the efficacy and
effectiveness of these interventions need to be prioritized.

We have described how the £iS7 tool would also allow existing
projects in these domains to review their progress in terms of
intervention coverage. This would enable projects to set bench-
marks and monitor progress against projected targets, while
providing information derived from rigorous, efficacy-trial driven
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expectations. The importance of mHealth scale-up has been
broadly emphasized in the mHealth community, but it is necessary
to guide such scale up efforts and investment in ways that are most
likely to achieve the mortality reduction targets set by national
goals and global calls to action such as the MDGs, not merely to
expand programs. The results of this analysis can contribute to
discussions about how such plans can be formulated, emphasizing
the likely highest-impact interventions for prioritization, consider-
ing the unique potential for synergy across multiple areas that
mHealth solutions typically allow. As the deadline for achieving
the MDGs quickly approaches, use of available tools such as LuST
can help us further leverage the benefit of mHealth by articulating
the most appropriate delivery points in the continuum of care to
save lives.

References

1. Lawn JE, Kerber K, Enweronu-Laryea C, Cousens S (2010) 3.6 million neonatal
deaths—what is progressing and what is not? Semin Perinatol 34: 371-386.

2. Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I, et al. (2010) Global,
regional, and national causes of child mortality in 2008: a systematic analysis.
Lancet Jun 5;375(9730): 1969-87.

3. Baqui AH, El-Arifeen S, Darmstadt GL, Ahmed S, Williams EK, et al. (2008)
“Effect of community-based newborn-care intervention package implemented
through two service-delivery strategies in Sylhet district, Bangladesh: a cluster-
randomised controlled trial” Lancet; 371 (9628): 1936-44.

4. United States Agency for International Development (USAID). mHealth
Compendium. Available: http://www.mhealthworkinggroup.org/resources/
mhealth-compendium. Accessed 14 April 2014.

5. International Telecommunication Union (ITU). The World in 2013: ICT Facts
and Figures. Available: http://www.itu.int/en/ITU-D/Statistics/ Documents/
facts/ICTFactsFigures2013-e.pdf. Accessed 14 April 2014.

6. Labrique AB, Vasudevan L, Chang LW, Mehl G (2013) H_pe for mHealth:
More "y" or "o" on the horizon? Int ] Med Inform 82: 467-469.

7. United Nations (2012) The Millennium Development Goals Report. Available:
http://www.un.org/millenniumgoals/pdf/ MDG %20Report%202012.pdf. Ac-
cessed 14 April 2014.

8. Peters DH, Garg A, Bloom G, Walker DG, Brieger WR, et al. (2008) Poverty
and access to health care in developing countries. Ann N'Y Acad Sci 1136: 161
171

9. Fiordelli M, Diviani N, Schulz PJ (2013) Mapping mHealth Research: A Decade
of Evolution. J Med Internet Res 15: €95.

10. World Health Organization (2011) mHealth New Horizons for Health Through
Mobile Technologies. Available: http://www.who.int/goe/publications/goe_
mhealth_web.pdf. Accessed 14 April 2014.

11. Labrique AB, Vasudevan L, Kochi E, Fabricant R, Mehl G (2013) mHealth
innovations as health system strengthening tools: 12 common applications and a
visual framework. Global Health: Science and Practice 1: 160-171.

12. DeRenzi B, Borriello G, Jackson J, Kumar VS, Parikh TS, et al. (2011) Mobile
phone tools for field-based health care workers in low-income countries. Mount
Sinai Journal of Medicine 78: 406-418.

13. Chib A (2010) The Aceh Besar midwives with mobile phones project: Design
and evaluation perspectives using the information and communication
technologies for healthcare development model. Journal of Computer-Mediated
Communication 15: 500-525.

14. Philbrick WC (2013) mHealth and MNCH: State of Evidence. mHealth
Alliance, UN Foundation.

15. Ahmed Z, Khoja S, Suha Tirmizi S (2012) Antenatal care and the occurrence of
Low Birth Weight delivery among women in remote mountainous region of
Chitral, Pakistan. Pakistan Journal of Medical Sciences 28: 800-805.

16. UNICEF. Mobile Technologies & Community Case Management: Solving the
Last Mile in Health Care Delivery. Available: http://mobilemandate.frogdesign.
com/pdf/ UNICEF_playbook.pdf. Accessed 14 April 2014.

17. Hsich SH, Hsich SL, Chien YH, Weng YC, Hsu KP, et al. (2010) Newborn
screening healthcare information system based on service-oriented architecture.
Journal of Medical Systems 34: 519-530.

18. UNICEF. Uganda: Innovations. Available: http://www.unicef.org/uganda/
9903.html. Accessed 14 April 2014.

19. RapidSMS. Available: http://www.rapidsms.org. Accessed 14 April 2014.

20. Li M, Jiang H, Yang D, He G, Wen L, et al. (2012) Text message to promote
breastfeeding and obesity-protective eating behaviours in young children:
Feasibility and acceptability. Obesity Research and Clinical Practice 6: 55.

21. Mobile Alliance for Maternal Action (MAMA). What is MAMA? Available:
http://www.healthunbound.org/mama/what-is-mama. Accessed 14 April 2014.

22. Lund S, Nielsen BB, Hemed M, Boas IM, Said A (2014) Mobile phones improve
antenatal care attendance in Zanzibar: A cluster randomized controlled trial.

BMC Pregnancy and Childbirth 14(29): 29.

PLOS ONE | www.plosone.org

mHealth Mortality Impact Modeling on Neonatal Health Service Delivery

Supporting Information

File S1 Systematic Review Protocol on mHealth for
Community Health Workers on Maternal and Newborn
Health Service Delivery in Low and Middle Income
Countries.

(DOCX)

File S2 LiST Data Sources for the Modeling Analyses.
(XLSX)

Author Contributions

Conceived and designed the experiments: ABL Y]] AEL IKF. Performed
the experiments: Y]J. Analyzed the data: Y]J IKF. Contributed reagents/
materials/analysis tools: ABL NW GM. Wrote the paper: Y]JJ ABL IKF
AEL TP GM.

23. Al-Abdullah T, Plint AC, Shaw A, Correll R, Gaboury I, et al. (2009) The
appropriateness of referrals to a pediatric emergency department via a telephone
health line. Canadian Journal of Emergency Medicine 11: 139-148.

24. Fairbrother G, Simpson LA (2009) It is time! Accelerating the use of child health
information systems to improve child health. Pediatrics 123: S61-S63.

25. Mitchell M, Hedt-Gauthier BL, Msellemu D, Nkaka M, Lesh N (2013) "Using
electronic technology to improve clinical care — results from a before-after cluster
trial to evaluate assessment and classification of sick children according to
Integrated Management of Childhood Illness (IMCI) protocol in Tanzania"
BMC Medical Informatics and Decision Making. 13: 95.

26. DeRenzi B, Sims C, Jackson J, Borriello G, Lesh N (2011) A framework for case-
based community health information systems. 377-382.

27. mHealth Alliance (2012) Mobile Alliance for Maternal Action (MAMA): Global
Monitoring and Evaluation Framework. Available: http:/ /www.mobilemamaalliance.
org/sites/ default/files/ MAMA_Global_MEPlan_FINAL_all.pdf Accessed 14 April
2014.

28. Mobile Technology for Community Health in Ghana (MOTECH) (2011) What
it is and what grameen foundation has learned so far. Available: http://
wwweswashingtonedu/ education/courses/cse490d/12sp/docs/MOTECHpdf
Accessed 14 April 2014.

29. Healthcare Innovation Technology (2013) Evaluating MOTECH: Researching
the impact of mHealth on patient outcomes, behavior and attitudes toward
health services. Available: http://www.hitlab.org/healthy-innovations/2013/9/
25/evaluating-motech-researching-the-impact-of-mhealth-on-patient-outcomes-
behavior-and-attitudes-toward-health-services. (A pilot report is available:
http://ghsmotech.files.wordpress.com/2011/06/motech-end-of-pilot-durbar-
report.pdf). Accessed 14 April 2014.

30. Curioso WH, Karras BT, Campos PE, Buendia C, Holmes KK, et al. (2005)
Design and implementation of Cell-PREVEN: a real-time surveillance system
for adverse events using cell phones in Peru. American Medical Informatics
Association.

31. Coleman J (2013) Monitoring MAMA: Gauging the Impact of MAMA South
Africa. Journal of Mobile Technology in Medicine 2: 9-9.

32. Ahsan A, Raihan A (2013) Understanding mHealth impact among Aponjon
(MAMA Bangladesh) subscribers through a phone survey in Bangladesh. ICTD
’13 Proceedings of the Sixth International Conference on Information and
Communications Technologies and Development: Notes - Volume 2. Available:
http://dl.acm.org/citation.cfm?id = 2517920&dl = ACM&coll = DL&CFID =
462649559&CFTOKEN = 87893547. Accessed 14 April 2014.

33. Engle KL, Vadhat H. Mobile Phone Interventions for Reproductive Health
(m4RH): Testing the Feasibility of Text Messaging to Improve Family Planning.:
Auvailable: http://www.c-hubonline.org/sites/default/files/resources/main/
M4RH%20Formative%20Results.pdf. Accessed 14 April 2014.

34. Lund S, Hemed M, Nielsen BB, Said A, Said K, et al. (2012) Mobile phones as a
health communication tool to improve skilled attendance at delivery in
Zanzibar: a cluster-randomised controlled trial. BJOG 119: 1256-1264.

35. WHO, mHealth Alliance (2013) Small incentives improve vaccine coverage in
Pakistan: IRD’s Interactive Alerts. WHO/RHR/1316 http://www.who.int/
reproductivehealth/publications/mhealth/vaccine_coverage_pakistan/en/.

36. mTikka-a virtual i, mobile-phone based "Immunization Record" to improve
vaccination rates in rural Bangladesh. Available: http://www.jhumhealth.org/
sites/gmi.k4health.org/files/mtikka_summary_v2.pdf Accessed 14 April 2014.

37. DeRenzi B, Lesh N, Parikh T, Sims C, Mitchell M, et al. (2008) e-IMCI:
Improving Pediatric Health Care in Low-Income Countries. Healthcare in the
Developing World.

38. Mitchell M, Getchell M, Nkaka M, Msellemu D, Van Esch J, et al. (2012)
Perceived improvement in integrated management of childhood illness
implementation through use of mobile technology: qualitative evidence from a
pilot study in Tanzania. J] Health Commun 17 Suppl 1: 118-127.

12 July 2014 | Volume 9 | Issue 7 | e102224


http://www.mhealthworkinggroup.org/resources/mhealth-compendium
http://www.mhealthworkinggroup.org/resources/mhealth-compendium
http://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2013-e.pdf
http://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2013-e.pdf
http://www.un.org/millenniumgoals/pdf/MDG%20Report%202012.pdf
http://www.who.int/goe/publications/goe_mhealth_web.pdf
http://www.who.int/goe/publications/goe_mhealth_web.pdf
http://mobilemandate.frogdesign.com/pdf/UNICEF_playbook.pdf
http://mobilemandate.frogdesign.com/pdf/UNICEF_playbook.pdf
http://www.unicef.org/uganda/9903.html
http://www.unicef.org/uganda/9903.html
http://www.rapidsms.org
http://www.healthunbound.org/mama/what-is-mama
http://www.mobilemamaalliance.org/sites/default/files/MAMA_Global_MEPlan_FINAL_all.pdf
http://www.mobilemamaalliance.org/sites/default/files/MAMA_Global_MEPlan_FINAL_all.pdf
http://wwwcswashingtonedu/education/courses/cse490d/12sp/docs/MOTECHpdf
http://wwwcswashingtonedu/education/courses/cse490d/12sp/docs/MOTECHpdf
http://www.hitlab.org/healthy-innovations/2013/9/25/evaluating-motech-researching-the-impact-of-mhealth-on-patient-outcomes-behavior-and-attitudes-toward-health-services
http://www.hitlab.org/healthy-innovations/2013/9/25/evaluating-motech-researching-the-impact-of-mhealth-on-patient-outcomes-behavior-and-attitudes-toward-health-services
http://www.hitlab.org/healthy-innovations/2013/9/25/evaluating-motech-researching-the-impact-of-mhealth-on-patient-outcomes-behavior-and-attitudes-toward-health-services
http://ghsmotech.files.wordpress.com/2011/06/motech-end-of-pilot-durbar-report.pdf
http://ghsmotech.files.wordpress.com/2011/06/motech-end-of-pilot-durbar-report.pdf
http://dl.acm.org/citation.cfm?id=2517920&dl=ACM&coll=DL&CFID=462649559&CFTOKEN=87893547
http://dl.acm.org/citation.cfm?id=2517920&dl=ACM&coll=DL&CFID=462649559&CFTOKEN=87893547
http://www.c-hubonline.org/sites/default/files/resources/main/M4RH%20Formative%20Results.pdf
http://www.c-hubonline.org/sites/default/files/resources/main/M4RH%20Formative%20Results.pdf
http://www.who.int/reproductivehealth/publications/mhealth/vaccine_coverage_pakistan/en/
http://www.who.int/reproductivehealth/publications/mhealth/vaccine_coverage_pakistan/en/
http://www.jhumhealth.org/sites/gmi.k4health.org/files/mtikka_summary_v2.pdf
http://www.jhumhealth.org/sites/gmi.k4health.org/files/mtikka_summary_v2.pdf

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

51.

52.

Free C, Phillips G, Watson L, Galli L, Felix L, et al. (2013) The effectiveness of
mobile-health technologies to improve health care service delivery processes: a
systematic review and meta-analysis. PLoS Med 10: e1001363.

Lund S, Rasch V, Hemed M, Boas IM, Said A, et al. (2014) Mobile Phone
Intervention Reduces Perinatal Mortality in Zanzibar: Secondary Outcomes of a
Cluster Randomized Controlled Trial. JMIR mhealth and uhealth 2: el5.
Tesfaye S, Barry D, Gobezayehu AG, Frew AH, Stover KE, et al. (2014)
Improving coverage of postnatal care in rural Ethiopia using a community-
based, collaborative quality improvement approach. Journal of Midwifery and
Women’s Health 59: S55-S64.

UNICEF. Project MWANA. Available: http://www.unicefinnovation.org/
projects/project-mwana Accessed 14 April 2014.

Kaewkungwal J, Singhasivanon P, Khamsiriwatchara A, Sawang S, Meankaew
P, et al. (2010) Application of smart phone in "Better Border Healthcare
Program": a module for mother and child care. BMC medical informatics and
decision making 10: 69.

Ngabo F, Nguimfack J, Nwaigwe F, Mugeni C, Muhoza D, et al. (2012)
Designing and Implementing an Innovative SMS-based alert system (Ra-
pidSMS-MCH) to monitor pregnancy and reduce maternal and child deaths in
Rwanda. The Pan African medical journal 13: 31.

. Musoke M (2002) Maternal health care in rural Uganda leveraging traditional

and modern knowledge systems. Indigenous Knowledge Notes 1-4.

Speciale AM, Freytsis M (2013) mHealth for midwives: a call to action.
J Midwifery Womens Health 58: 76-82.

Chang LW, Kagaayi J, Arem H, Nakigozi G, Ssempijja V, et al. (2011) Impact
of a mHealth intervention for peer health workers on AIDS care in rural
Uganda: a mixed methods evaluation of a cluster-randomized trial. AIDS Behav
15: 1776-1784.

Mechael PN (2008) In Search of Scalable mHealth Solutions. Available: http://
www.w3.0rg/2008/10/MW4D_WS/papers/mechael.pdf. Accessed14 April
2014.

Fischer Walker CL, Friberg IK, Binkin N, Young M, Walker N, et al. (2011)
Scaling up diarrhea prevention and treatment interventions: a Lives Saved Tool
analysis. PLoS Med 8: ¢1000428.

. Hazel E, Gilroy K, Friberg I, Black RE, Bryce ], et al. (2010) Comparing

modelled to measured mortality reductions: applying the Lives Saved Tool to
evaluation data from the Accelerated Child Survival Programme in West Africa.
Int J Epidemiol 39 Suppl 1: i32-39.

Friberg IK, Kinney MV, Lawn JE, Kerber KJ, Odubanjo MO, et al. (2010) Sub-
Saharan Africa’s mothers, newborns, and children: how many lives could be
saved with targeted health interventions? PLoS Med 7: e1000295.

Friberg IK, Bhutta ZA, Darmstadt GL, Bang A, Cousens S, et al. (2010)
Comparing modelled predictions of neonatal mortality impacts using LiST with
observed results of community-based intervention trials in South Asia.
Int J Epidemiol 39 Suppl 1: i11-20.

PLOS ONE | www.plosone.org

mHealth Mortality Impact Modeling on Neonatal Health Service Delivery

13

53.

54.

57.

58.

59.

60.

61.

62.

63.

64.

66.

67.

Amouzou A, Richard SA, Friberg IK, Bryce J, Baqui AH, et al. (2010) How well
does LiST capture mortality by wealth quintile? A comparison of measured
versus modelled mortality rates among children under-five in Bangladesh.
Int J Epidemiol 39 Suppl 1: i186-192.

Walker N, Yenokyan G, Friberg IK, Bryce J (2013) Patterns in coverage of
maternal, newborn, and child health interventions: projections of neonatal and
under-5 mortality to 2035. The Lancet 382: 1029-1038.

. Boschi-Pinto C, Young M, Black RE (2010) The Child Health Epidemiology

Reference Group reviews of the effectiveness of interventions to reduce
maternal, neonatal and child mortality. Int J Epidemiol 39 Suppl 1: i3-6.

. Fox M]J, Martorell R, van den Brock N, Walker N (2011) Assumptions and

methods in the Lives Saved Tool (LiST). Introduction. BMC Public Health 11
Suppl 3: I1.

Stover J, McKinnon R, Winfrey B (2010) Spectrum: a model platform for linking
maternal and child survival interventions with AIDS, family planning and
demographic projections. Int J Epidemiol 39 Suppl 1: i7-10.

Walker N, Tam Y, Friberg IK (2013) Overview of the Lives Saved Tool (LiST).
BMC Public Health 13: S1.

Liu L, Johnson HL, Cousens S, Perin J, Scott S, et al. (2012) Global, regional,
and national causes of child mortality: an updated systematic analysis for 2010
with time trends since 2000. The Lancet 379: 2151-2161.

Bryce J, Friberg IK, Kraushaar D, Nsona H, Afenyadu GY, et al. (2010) LiST as
a catalyst in program planning: experiences from Burkina Faso, Ghana and
Malawi. Int J Epidemiol 39 Suppl 1: i40-47.

Winfrey W, McKinnon R, Stover J (2011) Methods used in the Lives Saved Tool
(LiST). BMC Public Health 11 Suppl 3: S32.

Travis P, Bennett S, Haines A, Pang T, Bhutta Z, et al. (2004) Overcoming
health-systems constraints to achieve the Millennium Development Goals. The
Lancet 364: 900-906.

Hugq NL, Koehlmoos TL, Azmi AJ, Quaiyum MA, Mahmud A, et al. (2012) Use
of Mobile Phone: Commnication Barriers in Maternal and Neonatal
Emergencies in Rural Bangladesh. International Journal of Sociology and
Anthropology Vol. 4(8), pp. 226-237.

Krasovec K (2004) Auxiliary technologies related to transport and communi-
cation for obstetric emergencies. Int ] Gynaecol Obstet 85 Suppl 1: S14-23.

. World Health Organization (2001) Draft Report of Technical Consultation on

Effective Coverage in Health Systems. 27-29 August 2001, Rio De Janeiro,
Brazil.

The Earth Institute, Columbia University (2010) Barriers and Gaps Affecting
mHealth in Low and Middle Income Countries A Policy White Paper. Available:
http://cghed.ei.columbia.edu/sitefiles/file/mHealthBarriersWhite PaperFINAL.
pdf.Accessed 14 April 2014.

USAID. LiST Manual. Available: http://www.jhsph.edu/departments/
international-health/centers-and-institutes/institute-for-international-
programs/_documents/manuals/list_manual.pdf. Accessed 14 April 2014.

July 2014 | Volume 9 | Issue 7 | e102224


http://www.unicefinnovation.org/projects/project-mwana
http://www.unicefinnovation.org/projects/project-mwana
http://www.w3.org/2008/10/MW4D_WS/papers/mechael.pdf
http://www.w3.org/2008/10/MW4D_WS/papers/mechael.pdf
http://cghed.ei.columbia.edu/sitefiles/file/mHealthBarriersWhitePaperFINAL.pdf
http://cghed.ei.columbia.edu/sitefiles/file/mHealthBarriersWhitePaperFINAL.pdf
http://www.jhsph.edu/departments/international-health/centers-and-institutes/institute-for-international-programs/_documents/manuals/list_manual.pdf
http://www.jhsph.edu/departments/international-health/centers-and-institutes/institute-for-international-programs/_documents/manuals/list_manual.pdf
http://www.jhsph.edu/departments/international-health/centers-and-institutes/institute-for-international-programs/_documents/manuals/list_manual.pdf

