
Vol.:(0123456789)1 3

Journal of Immigrant and Minority Health 
https://doi.org/10.1007/s10903-017-0669-2

ORIGINAL PAPER

An Innovative Mobile Health System to Improve and Standardize 
Antenatal Care Among Underserved Communities: A Feasibility Study 
in an Italian Hosting Center for Asylum Seekers

Lucia Borsari1  · Giovanna Stancanelli2 · Laura Guarenti3 · Teresa Grandi4 · Serena Leotta5 · Lucia Barcellini6 · 
Paola Borella1 · Anne Caroline Benski7

 
© Springer Science+Business Media, LLC 2017

Abstract
Innovative migrant-friendly tools are needed to assist health personnel manage the high number of pregnancies within recep-
tion centers. This study tests functionality and acceptability of a new mHealth system in providing antenatal care amongst 
migrants. The study, carried out between 2014 and 2016, involved 150 pregnant women residing in the largest European 
migrant reception center in Sicily. A ticket tracking system assessed the system’s functionality and a questionnaire assessed 
women’s acceptability. The system facilitated the collection of clinical data, enabling the creation of electronic patient records 
and identifying 10% of pregnancies as high-risk. The application’s digital format increased health providers’ adherence to 
antenatal-care recommendations, while the graphic interface facilitated women’s engagement and retention of the health 
education modules. The study recorded a 91.9% patient satisfaction rate. The system was efficient in providing comprehensive 
and high-quality antenatal care amongst migrants, facilitating the continuity of care for a population undergoing frequent 
relocations.
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Introduction

The number of migrants arriving in the European Union 
has been steadily increasing over the past few years, with 
over twice as many asylum applications recorded in 2015 

compared to 2014 [1]. In 2015, it was estimated that around 
100,000 people were housed in Italian reception centers, 
with women representing an average of 30% of the popula-
tion [2]. A large proportion of those arrivals are of reproduc-
tive age. To date, we are not aware of any official statistics 
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on the percentage of women who are pregnant upon arrival, 
or on the number who become pregnant during their stay in 
the Italian Hosting Centers for Asylum Seekers (CARA). 
However, two studies on the demographic and clinical fea-
tures of rescued sea migrants, recorded that the number of 
pregnant women averaged 14.0% [3, 4]. The results were 
similarly echoed in the 2016 UNHCR assessment, which 
recorded that out of 128 female arrivals at the Tebanovce 
camp in Macedonia, 16 were pregnant [5].

A complex combination of physical and psychological 
factors makes pregnant women a particularly vulnerable 
group of migrants, as the journey inherently presents a vari-
ety of biological and psychosocial risks and different envi-
ronments and lifestyles tend to accentuate one’s social vul-
nerability [6, 7]. A study highlighting lack of equity in the 
provision and access to antenatal care (ANC) in the United 
Kingdom, reported that asylum seekers have poor pregnancy 
and birth outcomes with up to a fourfold increase in risk of 
maternal and neonatal mortality [8]. In order to guarantee 
healthcare for all, health systems ought to take into consid-
eration the needs of migrants when planning and implement-
ing health services [9]. Italy, similarly to most European 
countries, does not currently have a standardized universal 
method for recording the number or the socio-demographic 
and clinic characteristics of pregnant women housed in the 
CARAs [10–13]. To receive ANC, migrants are required 
to register with the Italian health service, which may take 
several days. Upon registration, they are referred to the local 
health clinic where logistic obstacles often overlap with 
linguistic and cultural barriers, and the public service can-
not always guarantee the presence of cultural mediation or 
trained psychological support. Furthermore, comparing the 
increasing number of migrant arrivals to the Italian medical 

personnel available, there is an evident workforce shortage. 
This deficit compels the adoption of alternative healthcare 
services; for example, the employment of trained low-skilled 
personnel. These individuals, supported remotely by medical 
staff, could perform standardized visits within the reception 
centres.

To date, few initiatives have been developed in the USA 
and Europe, which aim to build “culturally competent” or 
“migrant friendly” health care institutions [14]. This article 
presents the results of a pilot study testing the functional-
ity and the feasibility and acceptance rate of mobile health 
(mHealth) system in providing ANC to a migrant population 
hosted inside the largest European reception center [15].

Methods

The Pregnancy and Newborn Diagnostic Assessment 
(PANDA) is an mHealth system developed to facilitate the 
provision of high-quality, standardized ANC in underserved 
settings according to the World Health Organization (WHO) 
recommendations [16, 17]. The data is collected by trained 
community health workers (CHWs) and sent to the referral 
hospital for follow-up (Fig. 1).

The system includes three components:
The PANDA app is a touchscreen application compat-

ible with Android smartphones and available in English and 
French. The adaptable and easy-to-use icon-based interface 
enables the provision of standardized ANC in a variety of 
settings, by guiding the CHWs through the four modules 
detailed in Table 1. Data capture can be performed by select-
ing the relevant icons and taking photos, in addition to the 
automatic wireless transmission of test results between the 

Fig. 1  The PANDA system 
structure
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Table 1  Details of PANDA phone application

Application module Information collected Technology used

Module 1
Personal Information

Informed consent Digital signature
Unique patient identification NFC
Patient identification document Picture
Picture of woman Picture
Age Icons
Languages spoken Icons
Location of the visit Icons and GPS
Woman’s address Writing of audio recording
Family sistuation (lives alone, with family or other) Icons
Contacts
Level of education Icons

Module 2
Medical History

Month of pregnancy Icons
Last period and EDD Calendar/icons
Previous pregnancies Icons
If yes
N. of previous pregnancies Icons
For each previous pregnancy
Outcome Icons
Date of abortion/miscarriage/childbirth Icons
Place of abortion/miscarriage/childbirth Icons
Assistance from medical staff or TBA Icons
Duration of the labour Icons
Type of delivery Icons
Gestational age at delivery Icons
Complication at birth Icons
Childbirth outcome Icons
Newborn weight Icons
Breastfeeding for the first 6 months Icons
Child mortality at 28th days or 5th birthday Icons
Smoking, alcohol and drug habits Icons
HIV status and treatment Icons
Tuberculosis status and treatment Icons
Malaria profilaxys and use of insecticides treted 

bednets
Icons

Tetanus toxoid immunization Icons
Any surgery or disease in the past Icons

Module 3
Screening

Height measure Electronic device connected to the app through 
bluetooth

Weight measure Electronic device connected to the app through NFC
Fetal movements Icons
Uterine height Icons
Blood pressure and pulse value Electronic device connected to the app through NFC
Temperature Electronic device connected to the app through 

bluetooth
Burning sensation while urinating in the previuos days Icons
Respiratory problems Icons
Rapid test for HIV, syphilis and malaria Picture of the results
Rapid test for glycaemia Electronic device connected to the app through NFC
Rapid test for haemoglobin Electronic device connected to the app through 

raspberry
Taking preventive medications for malaria and worms Icons
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smartphone and the diagnostic platform contained within the 
backpack. The app integrates a series of alert functions to 
notify users of abnormal clinical results, technical problems 
or missing patient information. At the end of each visit, the 
data is sent via network to the medical unit in the referral 
hospital.

The Point of Care (PoC) is a solar backpack containing 
a diagnostic platform comprising the following medical 
equipment: scale, thermometer, measuring tape, sphyg-
momanometer, urinary strips, glucometer, hemoglobinom-
eter, Pinard stetoshope, rapid tests to screen for HIV, syphi-
lis and malaria, and medical consumables such as gloves, 
disinfectants etc. We defined anemia as hemoglobin con-
centration < 110 g/l [18], hyperglycemia as fasting plasma 
glucose ≥ 7.0 mmol/l [19] and hypertension as two blood 
pressure measurements ≥ 140/90 mmHg [20]. The backpack, 
averaging a weight of 6 Kg, also enables CHWs to recharge 
the smartphone throughout the day.

The Medical Unit is a java-based software system hosted 
inside a referral hospital. The system receives all informa-
tion registered by the phone application, allowing clinical 
staff to monitor the data and provide relevant feedback to 
the CHWs.

Setting and study population

From July 2014 to December 2016, a team of ANC experts 
comprising two medical doctors, a community expert, 
a social worker and, upon request, a cultural mediator, 

conducted the pilot project within the Mineo CARA (Sic-
ily). The CARA social workers helped engage the migrant 
community in the center by informing and inviting pregnant 
women to participate in the voluntary based study, which ran 
in parallel with the standard ANC program managed by the 
Italian Red Cross. The criterion for inclusion was to be preg-
nant, regardless of age, ethnicity, religion, gestational age or 
other social determinants. ANC visits were performed 2 days 
per month for the duration of the study. During the first few 
months, two mHealth experts provided technical assistance.

The PANDA doctors were responsible for the Medical 
Unit, checking the completeness of the data collected and 
assigning a risk score to each woman. An ad hoc risk score 
was designed, based on Hobel et al., to identify high-risk 
pregnancies [21]. The score, ranging from 0 to 50, was 
attributed on the basis of socio-demographic characteris-
tics, medical history, diagnostic information and the results 
of the screening tests, categorizing participants as low (< 5), 
medium (5–15) and high risk (> 15).

Functionality and Acceptability

The team evaluated the feasibility of the PANDA mHealth 
system, by exploring the functionality of the technologies 
and the acceptability of the system by the recipients. The 
functionality was assessed using the Redmine tool (http://
www.redmine.org), an open source project management web 
application with a ticket tracking system. The tickets repre-
sented messages automatically generated by the system in 

Table 1  (continued)
Application module Information collected Technology used
Module 4
Health education and birth plan

Nutrition Icons
Hygiene of the person and of the house Icons
Woman’s working activity Icons
Money savings Icons
Developing a birth plan Icons
Where to give birth Icons
Who accompanying woman Icons
Who could donate blood Icons
When to go to the hospital Icons
Who could take care of the house and other children Icons
What to bring to the hospital Icons
What to have in case of delivery at home Icons
Signs of labour Icons
Danger signs for mother and newborn Icons
Neonatal care Icons
Family planning Icons
Circumcision Icons
Domestic violence Icons

NFC near field communication technology
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the event of bugs, defects or system failures. Other tickets, 
the so-called “mock objects”, were created by the PANDA 
team in order to test the system’s performance. All tickets 
raised were discussed during the monthly PANDA meetings 
to analyze and improve the system’s efficiency.

The acceptability of the mHealth system was assessed 
using the actual time spent for each visit as indirect meas-
ure. According to WHO recommendations, the first visit 
should take 40 min and the subsequent visits 20 min [22]. 
The participants’ overall satisfaction was measured by ask-
ing women to respond “yes” or “no” to the following three 
questions:

If you get pregnant again, will you come back for a 
PANDA visit?,
Would you recommend the PANDA ANC visit to a 
relative or a friend?,
In general, how satisfied are you with the PANDA 
ANC visit?
In addition, a 15-item closed-ended questionnaire was 

administered at the end of each visit to assess women’s 
preference regarding the time spent with the caregiver, the 
completeness of the information received during the visit on 
women’s health, screening, risks during pregnancy, labor, 
breastfeeding and family planning. This was adapted from 
the standardized questionnaire proposed by WHO in 2002 
to assess the perceived quality of ANC [23]. The responses 
were collected using a four-point Likert scale. Finally, the 
study assessed the recipients’ acceptability of the PANDA 
icons, their usefulness in understanding and remembering 
information, and how much they thought the application 
could improve the relationship between the patients and 
CHWs.

Statistical Analysis

Means, standard deviations, and ranges were calculated 
for continuous variables, while categorical data was sum-
marized by frequency distribution. Comparisons between 
groups were performed by t-test and Chi square test or Fis-
cher’s exact test. Data collected was analyzed using STATA 
Software (release 14, StataCorp., College Station, TX, 
USA).

Ethical Considerations

The Ethics Review Committee of Catania University 
approved the study in April 2014. Written, informed con-
sent was obtained from all eligible women before enroll-
ment. Participants had the right to withdraw from the study 
at any time. In order to assure confidentiality and anonymity, 
all women enrolled were assigned a random ID number, to 
which their clinical data and test results were linked.

Results

The study involved 150 pregnant women, whose socio-
demographic and clinical characteristics are summarized 
in Table 2. Overall, the team performed 293 ANC visits 
(150 first visits and 143 subsequent visits). Participants 
were primarily from Sub Saharan countries (97%) with a 
registered mean age of 25.2 ± 4.1 years old (range 18–35). 
Approximately 53% of participants only received one ANC 
visit because of the advanced stage of pregnancy at the time 
of arrival or due to early relocation, with 47.3% receiving 
subsequent visits for up to a maximum of seven visits. In 
terms of socio-demographic results, the study found that 
the majority of women were able to communicate in either 
English or French with a good overall level of literacy, as 
less than 20% of participants were illiterate and required 
the presence of a cultural mediator. Furthermore, the study 
found that 30% of women were unaccompanied and 85% 
owned a mobile phone. Clinical results found that 10% of 
pregnant women had moderate/severe anemia and 6.7% had 
high blood sugar levels. Hypertension was found in 10.0% 
of the women, three of whom were hospitalized for pre-
eclampsia. The rapid tests detected 2 cases of malaria and 
3 positive HIV results. The three women who tested posi-
tive for HIV had been victims of sexual violence in Libya. 
One in three women reported having experienced some form 
of violence whilst on the move, with 38% bearing female 
genital mutilations. The medical unit risk score assigned by 
the doctors to each woman categorized 57.3% of the study 
population as low risk, 32.7% as medium risk, and 10.0% as 
high risk. The latter were referred to the hospital for confir-
mation and further treatment.

Functionality Assessment

The Redmine application registered 824 tickets during the 
study period, of which 27 (3.3%) were automatically gener-
ated by the system and 797 (96.7%) were manually recorded 
by the PANDA users. All tickets generated by the system 
were automatically resolved by the application and no sys-
tem crashes occurred during the pilot visits. Out of the man-
ually generated tickets, which were created to improve the 
performance and functionality of the system, 132 (16.5%) 
were related to the application’s functionality, 46 (5.7%) to 
the icons, 98 (12.2%) to issues with the data transmission, 
and 521 (65.6%) concerned the medical unit. Almost all tick-
ets (88%) were registered in the first 10 months of the pilot 
test. The updates introduced during this period ensured the 
stability of the system, and no tickets were generated during 
the last 6 months of the study.
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Acceptability Assessment

The mean time spent for each visit was 31.9 ± 12.6 min 
(range 10–58), with significant differences between the 
mean time of the first visit (mean 40.9 ± 7.9, range 27–58) 
and the subsequent visits (mean 24.0 ± 10.5, range 10–54). 
We found that the mean time of the first visit was longer 
amongst patients with high risk scores compared to those 
with medium–low risk score (42.3 vs. 39.2 min) and among 
patients with lower levels of literacy (40.5 vs. 37.4 min), 
although none of these associations resulted as statistically 
significant.

The questionnaires administered showed that 90% of 
women considered the time of the visit to be adequate. As 
for the completeness of information received, all women 
were satisfied with the quality of the health education pro-
vided on nutrition, personal hygiene and family planning. In 
contrast, participants found the information related to child-
birth more difficult to understand and retain; in particular, 
21.2% of women revealed that they needed more explana-
tions on the signs of labour and the danger signs that require 
immediate hospitalization. 14.3% of women asked for addi-
tional information on breastfeeding and postnatal care.

The second part of the questionnaire, which measured the 
effectiveness of the icon-based application in understanding 
and retaining the information received, showed that 76.5% of 
participants replied ‘absolutely yes’ and the remaining ‘yes, 
a bit’. Finally, the overall satisfaction index was > 9 (“very 
satisfied”) for 91.9% of women and 7–9 (“partially satis-
fied”) for the remaining 8.1%. None of the women involved 
in the project indicated dissatisfaction.

The study did not perform a statistical evaluation of car-
egivers’ satisfaction due to the low number of people within 
the PANDA team. However, both the personnel working 
inside the referral hospital and within the Mineo CARA 
expressed satisfaction with the system during the monthly 
PANDA meetings, and recognized its potential to improve 
the organization of health services as well as the timeliness 
of intervention.

Table 2  Socio-demographic and clinical characteristics of asylum 
seeker pregnant women hosted at CARA in Mineo in the period July 
2014-December 2016

Pregnant women
n (%)

Age
 18–24 88 (58.6)
 25–30 49 (32.7)
 >30 13 (8.7)

Gestational age at first visit
 First trimester 68 (45.3)
 Second trimester 49 (32.7)
 Third trimester 33 (22.0)

Nationality
 Nigeria 84 (56.0)
 Eritrea 25 (16.6)
 Somalia 12 (8.0)
 Costa d’Avorio 6 (4.0)
 Camerun 5 (3.2)
 Etiopia 4 (2.7)
 Ghana 4 (2.7)
 Gambia 3 (2.0)
 Pakistan 3 (2.0)
 Benin 1 (0.7)
 Kenya 1 (0.7)
 Mali 1 (0.7)
 Sudan 1 (0.7)

N. of ANC visits
 1 visit 79 (52.7)
 2 visits 32 (21.3)
 3 visits 20 (13.3)
 ≥ 4 visits 19 (12.7)

Education
 Illiterate 43 (28.7)
 Literate 107 (71.3)

Cultural mediator intervention
 No 122 (81.3)
 Yes 28 (18.7)

Clinical conditions that could complicate pregnancy
 No 84 (56.0)
 Yes 66 (44.0)
  Underweight (BMI < 18.5) 9 (6.0)
  Overweight (BMI > 25.0) 10 (6.7)
  Anemia 16 (10.7)
  High glycaemia levels 10 (6.7)
  Hypertension 15 (10.0)
  HIV 3 (2.0)
  Malaria 2 (1.3)
  No fetal movements 1 (0.7)

Risk score
 Low 86 (57.3)
 Medium 49 (32.7)

Table 2  (continued)
Pregnant women
n (%)

 High 15 (10.0)
Total 150 (100.0)
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Discussion

The study provided the opportunity to create a bespoke 
system that meets the requirements of a mobile and multi-
ethnic population, and proved that PANDA is an efficient 
and adequate tool for providing standardized ANC to the 
women residing within the Mineo CARA.

The assessment found no correlation between women’s 
socio-demographic characteristics and their level of satis-
faction with the visits, revealing the tool’s adaptability to 
varying ages, languages, levels of education and countries of 
origin. The acceptability assessment demonstrated that the 
majority of women were ‘very satisfied’ with the ANC visit 
provided and considered duration of the visit to be adequate.

From a clinical perspective, the PANDA system facili-
tated the detection of a variety of conditions that could have 
proven dangerous if left untreated, therefore fundamentally 
improving the quality of care received by the participants. 
Results showed a higher prevalence of hypertension and 
hyperglycemia (10 and 6.7%, respectively) than that found 
in a study involving all migrants hosted in another CARA 
in Sicily (0.7 and 0.5%, respectively) [24], indicating a pos-
sible correlation between pregnancy and the occurrence of 
such conditions. The prevalence of HIV (2.0%) found in the 
study sample also deserves particular attention, as it was sig-
nificantly higher than that of the general Italian population 
(0.16%) [25], and when compared to the results of a study 
conducted among asylum seekers in Malta (0.24%) [4]. We 
also found a high prevalence of female genital mutilation 
(38%), echoing the results of the study performed in Malta 
[4].

The study also confirmed that the PANDA system pre-
sents significant advantages for healthcare providers. The 
mHealth and ICT Framework designed by Lambrique et al. 
[26] has been used to illustrate the PANDA system’s capa-
bility to overcome several health system constraints that 
currently limit the provision of ANC (Fig. 2). Firstly, the 
easy-to-use and easy-to-understand graphic interface of 
the application facilitated the communication between the 
CHWs and the pregnant women, overcoming most lan-
guage and literacy barriers. Previous studies have indi-
cated that effective interpersonal communication is one of 
the key elements to increasing patients’ acceptability and 
satisfaction, highlighting the link between health literacy 
information, knowledge and awareness [27]. Furthermore, 
language barriers and passive flow of information from 
providers to patients have been identified as some of the 
major obstacles to effective communication in maternity 
care [28]. The PANDA Health Education Module is there-
fore specifically structured to facilitate women’s engage-
ment and the digital format of the application enabled 
caregivers to follow a structured guideline of ANC rec-
ommendations, devoting adequate time to all sections, like 
for example the counseling, which tends to receive less 
attention [29]. The results confirmed that the icon-based 
system facilitated women’s retention of the health educa-
tion received, as it improved communication by breaking 
down barriers between the patients and the caregivers. In 
addition, the system offers the possibility of task-shifting, 
or in other words, transferring certain tasks from special-
ized workers to less specialized health providers, saving 
costs without compromising the quality of care, which is 
further guaranteed by staff monitoring the medical unit 
within the referral hospital [30, 31]. This is particularly 

Fig. 2  Application of the mHealth framework proposed by Lambrique et al. [25] to the PANDA system
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valuable in a low-resource setting like for example the 
CARAs in Italy, where the shortage of trained medical per-
sonnel has hindered the provision of adequate healthcare 
to the growing number of people in need.

The PANDA system can also be a useful tool for public 
health policy-makers and planners, as it offers the possibility 
of collecting socio-demographic and clinical data that was 
previously unavailable. This lack of data represents a critical 
issue in designing and implementing insightful health and 
social services for migrants, particularly those concerning 
maternal healthcare [10]. The obligation to fill this gap in 
data collection has been outlined in the 2008 WHO resolu-
tion on the health of migrants [32], in the European Union 
level consultation on “Migration Health–Better Health 
for All” in 2009 [33], and by the Council of Europe [34]. 
PANDA therefore represents a feasible tool for the collection 
of data at community level and for the subsequent creation 
of an electronic health database to record demographic and 
clinical trends amongst migrant populations, facilitating 
the continuity of care for a dynamic population undergo-
ing frequent relocations. Aggregate data can be also used 
to create health profiles to guide public health interventions 
and facilitate culturally informed healthcare delivery [35].

Although the PANDA study sample could not represent 
the entire pregnant population housed in the CARA during 
the study period, the number of women involved appeared 
sufficient to test the feasibility of the mHealth system and to 
estimate the burden of diseases on pregnant women within 
Italian refugee camps.
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