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Maternal deaths 

273 500  

 

Neonatal deaths 

3.072.000 

 

Stillbirths 

2.650.000 

 

 

 

 

 

MATERNAL AND NEONATAL HEALTH 

Sources: *Lozano et al. Progress towards Millennium Development Goals 4 and 5 on maternal and child 
mortality: an updated systematic analysis. Lanet 2011 
** Lui et al. Global, regional, and national causes of child mortality: an updated systematic analysis for 2010 with 
time trends since 2000. Lancet 2012 



99% attend one time ANC 

 

51% institutional delivery 

 

MMR [2006]: 528 / 100,000  

 

NMR: 28 / 1,000 

 

Stillbirths ???? 

 

 

 

 

MATERNAL AND NEONATAL HEALTH IN ZANZIBAR 

Sources: Tanzania Demographic and Health Service 2010 
Zanzibar Ministry of Health. Annual Health Bulletin 2010 
Lund et al. Facility Based Maternal Mortality in Zanzibar 2005-2007  
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AFRICAS MOBILE REVOLUTION 

Sources: GSMA African Mobile Observatory 2011 
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Data and Image Transfer Using Mobile 
Phones 

 

Images sent by mobile internet  

 

Feedback to sender by text message 

 

Strengthen Microscopy-Based 
Diagnostics such as malaria, tb, 
bacterial vaginosis, stool parasites and 
eggs 

 

 

mHEALTH 

care. Several initiatives have shown previously that mobile phones

can be used to take pictures through a microscope [8,12–14] or be

modified to serve asa microscope [15,16]. The next logical step is
to send the captured imagesvia mobile networks, for example to a

reference laboratory for confirmation of diagnosis by an expert.

For this study, we developed a system of mobile phone-based
imaging in combination with a data transfer and response
platform. We piloted the performance of this system in Uganda

and discussed itsacceptability and potential applications with local
stakeholders.

Methods

Ethics Statement
Ethicsapproval or written informed consent wasnot required as

this isa methodology proof of concept paper. Our focuswasfirstly

on capturing a microscopy image of sufficient quality and then on
the Information Technology (IT) part to send the captured image

using the mobile phone. Patients’ personal information or any
samples ID’s that might allow tracing of patients was not used.

Informed consent for discussions with colleagues at the health

centers was obtained verbally prior to site visits.

Location
In Uganda the health system is based on a referral system

consisting of different levels, I indicating the lowest and IV the
highest level; at higher levels more facilities and expertise are

available [17]. The image capture wascarried out by a laboratory
technologist at the National Tuberculosis (TB) Reference Labo-

ratory (NTRL) in Kampala district, two laboratory technicians,
two assistants and a student at Nkozi Hospital laboratory in Nkozi,

Mpigi district and five laboratory assistants at several level III and
IV health centers from both these districts. The data transfer

system was tested by a laboratory technologist and a doctor at the
International Hospital of Kampala (IHK) and by IT specialists
from a local IT company in Kampala.

Materials used
Laboratory samplesfrom theday before, or set aside for training

purposesor external quality control of the health center were used

in our study. These could not be linked to patients in any way.
Samples were initially collected as part of the routine activities

of the laboratories and either made anonymous, or -in the case of
blood slides for blood parasites- an unlabelled duplicate slide was

sometimes used. In the case of urine we used a drop of urine that
was placed on an unlabelled slide and put under the microscope

for examination.

Slide preparation
At NTRL and the TB health centres the slides selected for this

study were sputum slides for TB training purposesor QC, samples

were stained with Ziehl Neelsen. Blood slidesfor malaria that were
used at Nkozi hospital and the health centres in the other sites

were stained with Giemsa staining technique. Urine and stool
slides were unstained direct wet preparations. Auramine staining

was used for the detection of TB in sputum by fluorescent
microscopy. Staining of samples was performed in a European

laboratory.

Image capture system
The system is composed of a traditional light microscope

connected via a connector used as a positioning device, to a Java-
enabled mobile phone with camera, see Figure 1. The connector

prototype was designed prior to this feasibility study [8]. For this

study we used the 406 and the 1006 oil immersion objectives of
the Olympus CX 21, Olympus CX31, Olympus CX41 and

Humascope (Human) light microscopes and the 406 objectives of
the Olympus CX21 FluoLED, Olympus BX41 and Nikon AFX-

IIA fluorescent microscopes. Different camera phones were used,
mainly Nokia candy bar models, see Table 1 for an overview. The

image resolution varied from 0.3 megapixels (MP) to 5MP. On
some occasions the digital zoom of the mobile phone camera was

used to enlarge a specific area of the microscopy field and magnify
the micro-organism to be identified.

Data transfer system
End user and server software of the image transfer system were

designed. A draft form for use on the mobile phone wasdeveloped

for the end user to record ID, sample type, health center data, and
upload images from the mobile phone.

An end user version of this software, including mobile Internet,
waspre-installed asan extra application on a Java enabled mobile

phone. A server version of this image transfer system was installed
locally in Kampala, Uganda. We used Orange as our mobile

internet provider as they cover both Mpigi and Kampala districts
[18]. The end user recorded fictional information on the draft

form, took the required picture(s), and pressed ‘‘send’’. The image
was then sent automatically via the pre-installed mobile Internet
connection of the mobile phone, stored in the database of the

central server and a confirmation text message that the image had
been received was sent to the end user. Anyone with access to the
central server could log on via an Internet page to this server and

examine the received image, store it elsewhere, or give instant
feedback via a text message or voice call, to the end user’sphone.

Additionally, the image could be enlarged on the computer screen
using the digital zoom function of the computer in order to

magnify areas of interest.

Testing procedures
1 a. Captur e of image without connector . Laboratory staff

members at Nkozi hospital, NTRL and the health centres were

Figure 1. The prototype connector which attaches a mobile
phone to a microscope. The prototype connector was designed by
TU Delft and TNO. The connector is adjustable to fit all sizes of candy
bar phones and some slide phones. It also consists of adjustable screws
to fit most regular light microscopes.
doi:10.1371/journal.pone.0028348.g001
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Sources: Tuijn et al. Data and Image Transfer Using Mobile Phones to Strengthen Microscopy-
Based Diagnostic Services in Low and Middle Income Country Laboratories. PLOS December 2011   
  



Very few studies of sufficient 
quality 

  

Limited evidence of actual and 
wide-scale impacts/outcomes 

 

Even less from developing 
countries 
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Sources: Noordam et al. Improvement of maternal health servcies through the use of mobile phones, Trop Med Int 
Health, 2011 
Tamrat et al. An Analysis of mHealth in Maternal and Newborn Health Programs and Their Outcomes Around the 
World. Matern Child Health J 2011  

 



To link pregnant women to the 
health care system through 
mobile phones 

 

To improve attendance to 
antenatal and postnatal care 

 

To improve attendance to 
skilled delivery attendance 

 

To improve access to 
emergency obstetric care 

WIRED MOTHERS OBJECTIVES 



Jina - a wired mother 



WIRED MOTHERS 
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METHODOLOGY 

 
Cluster randomised-controlled trial 
 
24 health facilities, 2550 women 
 
Randomisation at facility level  
  
Participants women attending 1st ANC 
visit 
 
Followed until 42 days after delivery 
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SOCIO-ECONOMIC SUBGROUPS 

Source: Lund S et al Mobile phones as a health communication tool to improve skilled attendance 
at delivery in Zanzibar: a cluster-randomised controlled trial. BJOG 2012; DOI: 10.1111/j.1471-
0528.2012.03413.x.  
 



SKILLED DELIVERY ATTENDANCE 

Source: Lund S et al Mobile phones as a health communication tool to improve skilled attendance 
at delivery in Zanzibar: a cluster-randomised controlled trial. BJOG 2012; DOI: 10.1111/j.1471-
0528.2012.03413.x.  
 
  



CONTINUITY OF CARE 
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ANTENATAL CARE 
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VOICE CALLS 

 

• Bleedings before and 
after delivery 

 

• Eclampsia 

 

• Obstructed labor 

 

• Abortion 

 

• Abdominal pain 

 

• In labour 

 

• Medicines 

 

• PV discharge 

 

 39% called their midwife 

 3% emergency referrals 



STILLBIRTHS 

Source: Lund S et al. Preliminary analyses. 
  



MORTALITY 

Source: Lund S et al. Preliminary analyses. 
  



 

Urban women more than 5 times likely to 
delivery with SBA in intervention group  

 

Increased antenatal care attendance and 
adherence to procedures 

 

Reduction in stillbirths 

 

Intervention widely accepted amongst 
health workers and women 

 

 

 

CONCLUSIONS 



 

 

 Mobile phone solutions may contribute 
to saving women’s and newborn lives 
and towards achievement of MDG 4 
and 5  

 

 mHealth solutions should be 
considered by maternal health policy 
makers in developing countries 

 

 

 

POLICY IMPLICATIONS 




