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Abstract. Poor healthcare infrastructure is the main barrier for providing quality
healthcare services to rural communities in developing countries. Thus, these
populations remain unreached, and there is a need to establish a method for ensuring
the provision of appropriate and adequate healthcare services to these individuals.
The portable health clinic (PHC) system has been developed as an effective
telemedicine system to meet this objective. A trained village health worker can use
this simple system for collecting vital information of the patient, upload the data to
the online server, and connect village patients with a remote doctor to enable the
provision of online consultancy using video conferencing. Although the PHC was
initially developed to ensure primary healthcare service with a focus on non-
communicable diseases, a major cause of death, gradually, tele-pathology, tele-eye
care, maternal and child health care, and COVID-19 care modules have been added
to provide special treatment in these areas as per local needs. The modular PHC
system will continue to grow with the addition of novel features that aim to address
the local needs. The low-cost and easy operation of the PHC system make it ideal
for ensuring global health coverage in communities where inadequate medical
facilities and poor-quality healthcare resources remain major issues.
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1. Introduction

Although healthcare service is a basic right of every human being, most individuals who
live in rural areas of developing countries are deprived of this service. The main reason
for this is the lack of adequate and appropriate healthcare facilities and resources,
including doctors, nurses, and medical assistants. Several initiatives have been
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undertaken for improving the existing healthcare facilities worldwide [1-3]. However,
for unreached communities of developing countries, there is a need for technically simple,
usable, sustainable, and inexpensive healthcare service systems. The portable health
clinic (PHC) system has been developed with this target in mind in Bangladesh under
the joint collaboration of the Kyushu University of Japan and Grameen Communications
of Bangladesh [4-5]. This system can serve as a model for developing countries because
the resource availability and conditions in most such countries are similar to those in
Bangladesh.

As shown in Figure 1 (left-hand image), the basic model of the PHC system includes
the following four major components: (1) a set of medical sensors to be used for
collecting patients’ health data, (2) an online server system for data storage and sharing
with remote doctors, (3) remote doctors for providing telemedicine service, and (4) a
health worker (paramedics with 1-3 years diploma certificate) who collects the patients’
health data and coordinate with remote doctors for tele-consultancy when required.

GramHealth: Portable Health Clinic

Figure 1. The ‘portable health clinic’ system box and prescription

In the case of service delivery mechanism, the PHC system has adopted the
philosophy that the clients are the most important factor that contributes to the
sustainability of any business and the service provider should go to the client with the
service as a sign of respect. Therefore, the PHC system has been designed to deliver
healthcare service at the doorsteps of the rural community members to ensure easy
accessibility of the service for the beneficiaries. So, the health clinic needs to go to the
patients’ homes instead of asking the patients to visit the clinic. Thus, the present novel
system has been named ‘the portable health clinic,” and the health worker provides home-
based healthcare service to a patient by visiting the patient’s home with the PHC system
[6-8].

Before designing the content of this system, we studied the disease pattern in
Bangladesh and found that 70% of the deaths in Bangladesh were attributable to non-
communicable diseases (NCDs), such as hypertension and diabetes. Thus, the PHC
system has been designed to provide primary healthcare with a special focus on NCDs.
While delivering the service in the unreached rural communities, it was found that
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primary care is not enough and, in several cases, advanced patient care is necessary. Then,
a new module of tele-pathology has been added to the PHC system as described below
to support the remote doctor with further detailed patient reports. This additional feature
has highly empowered remote doctors in the provision of secondary level of treatments
via telemedicine. The remote doctors do need to refer the patients in some cases to the
nearest district hospital when it is difficult to administer and support treatment via the
tele-health system. This referral system forms a crucial part of the PHC system wherein
only patients with serious conditions and specific needs are referred to sub-district or
district hospitals that have limited resources. This enables the referral hospital to ensure
optimal use of their limited healthcare resources for selected patients who need special
care and prevents the unnecessary crowding by low-risk patients. The low-risk patients
can be supported by the remote doctors by the PHC service.

The triage feature of the PHC system also plays a crucial role in reducing the
workload of the remote doctors. The PHC triage classifies the patients in the following
four categories based on their collected health data: (1) green or healthy, (2) yellow or
suspicious, (3) orange or affected, and (4) red or emergent. The green and yellow patients
are usually supported by the health workers who do not need any medication but receive
advice-based preventive care. The remote doctors are consulted for the orange and red
patients as well as some selected yellow patients. Thus, the limited human resources of
the healthcare system are managed to ensure their optimal use. This is a very important
factor for ensuring better healthcare services with the use of limited resources in
unreached communities.

2. The PHC System Operation

The primary aim of the PHC system is to make primary healthcare services accessible to
unreached rural communities. However, the care of patients with NCDs, such as
hypertension and diabetes, was considered from the beginning. Thus, the PHC system
box includes the following sensors (Table 1):

Table 1. Medical sensors and materials with measurement items in the PHC system

No. Device Name Measurement Items
1 Thermometer (Omron) Body temperature
2 Digital BP Machine (Omron) Blood pressure and arrhythmia
3 PulseOxi Meter Pulse rate and oxygenation of the blood
4 EasyMate G-Hb Blood glucose (random)
5 Manual Measurement Tape Height
6 Weighing Machine Weight
7 Digital Measurement Tape Hip, waist, and hip/waist ratio
8 EasyMate G-Hb Hemoglobin
9 EasyMate GCU Uric acid
10 Uriesu —Tc (Terumo) Urinary protein, urinary sugar, and urobilinogen
11 EasyMate GCU Cholesterol
12 Blood Grouping Reagent Blood group

This system box also includes an internet-enabled tablet personal computer, with
PHC apps installed for storing health data to the online server. This is accessible to the
remote doctor and enables video conferences between the patient and the remote doctor
for tele-consultancy. Additionally, it includes a portable printer for printing prescriptions
and giving them to the patients on the spot.
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Generally, one health worker provides service in one rural community as an
entrepreneur. The health worker visits each registered patient as per the schedule and
provides home-based healthcare service. Figure 2 depicts the service process. First, the
health worker interviews the patient to collect his/her medical history and then collects
the necessary vital information using the PHC service box equipment (1). All data are
then entered into the PHC apps, and the patient is classified as per the triage (3). If the
patient is classified as green or yellow, the health worker uploads the data to the online
server, provides a printed health report, and gives the necessary advice to the patient (7).
However, if the patient has any complication that would require medication, or if the
triage result is orange or red, the health worker uploads the data to the online server (4),
immediately notifies the online doctor, provides the patient’s registration identification
number to enable data monitoring, and connects the patient to the doctor for a video
consultation. Then, the remote doctor prepares a prescription and uploads it on the online
server under the patient’s profile (6). Finally, the health worker downloads the
prescription, prints it, and shares it with the patient (7).

Health Worker & Patient o o Remote Pathologist

«———— | PHC Android App PHC Web System

Receive - Send data
- Retrieve report
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- Vital data
- Microscopic images

- Access to patient data

- Pathological report - Check microscopic slide images
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B ~ Internet _ ) PHC Online Server
L { )
PHC Web System -~ Archive Patients’
Access to patient vital data Vital data
- Access to pathological report - Microscopic images
- Video conference with patient - Pathological report
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Figure 2. Operation model of the portable health clinic system

In cases where the remote doctor requires additional pathological reports for the
patient, the trained tele-pathology staff (a trained rural laboratory technologist) collects
a sample, prepares a physical report, and produces a sample slide with 6—10 microscopic
images (2). These microscopic images are uploaded to the online server with the physical
report via the PHC apps (3). Then, the remote pathologist prepares the pathological report
investigating the microscopic images of the slide and the physical report from the
laboratory technologist (5). This report is then uploaded to the online server (4). Finally,
the remote doctor prepares the prescription with the reference of the pathological report.

The health worker prints the prescription and explains it to the patient before
transferring for better understanding. The PHC prescription contains the basic health
checkup report and details of the doctor’s consultation [Figure 1, right-hand image]. All
vital data are marked with color as per the triage result. This is crucial for rural patients
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because they do not understand the significance of the numerical data but can easily
understand the severity of the status of each item via color coding of green, yellow,
orange, and red. This encourages the patients to follow the advice of the doctors and/or
health workers.

3. Personal Health Record (PHR)

Today, PHR is considered an important tool for healthcare services. This is more
important in the case of tele-medication because the doctor cannot see the patient in
person. The PHC system creates the PHR of every patient automatically. A patient can
monitor his/her own health data with a graphical representation using PHC apps and be
aware of their health status. If needed, they can contact the PHC staff with their feedback
or complaints. Thus, this basic ‘patient engagement’ mechanism helps in building the
awareness of the patient and contributes to improving healthcare service in the form of
‘patient-reported outcome’ [9-10].

For data interoperability, it is very important to maintain a standard PHR structure.
Currently, there is no available international PHR standard. The PHR in the PHC system
has been following the Japanese PHR standard although it does not maintain all 42 items
at this stage [11]. Gradually, with the development of the PHC system, the remaining
items will be added to the system.

4. Special Features

The rural communities of developing countries experience various diseases, similar to
other populations. Thus, when the PHC program offers primary healthcare, sometimes
people are dissatisfied because they also require the next level of treatment for their
diseases. Therefore, the PHC system has added new modules with advanced features that
would serve these higher needs of the community. So far the PHC system has added (1)
an NCD module in the basic service, (2) a tele-pathology module, (3) a tele-eye care
module, (4) a maternal and child health (MCH) care module, and (5) a COVID-19 care
module [12].

4.1. Non-Communicable Disease

Seventy percent of all deaths in Bangladesh are attributable to NCDs. Thus, when the
basic module was designed, a special focus was on two major NCDs, hypertension and
diabetes [5]. Thus, the medical sensors for blood pressure measurement and glucometer
have been added to the sensor sets. The PHC system has also adopted the triage concept
of NCDs of Japan, with modifications as per the Bangladesh context.

4.2. Tele-Pathology Service

As a telemedicine service system, the PHC system offers service assisted by remote
doctors. These doctors are unable to see the patients in person; therefore, they need to
obtain as much patient information as possible. The PHC system box contains limited
sensors for measuring only the basic vital information. In many cases, remote doctors
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require some pathological data. Unfortunately, there is a considerable shortage of
pathologists and pathological laboratories in rural Bangladesh. However, there are many
rural pathology laboratories operated by laboratory technologists with 3 year Diplomas
in pathology. The tele-pathology module of the PHC has empowered these laboratory
technologists (local pathologists) by connecting them with urban pathologists. Here, the
trained laboratory technologists of the PHC system collect the sample, prepare a physical
report, and share the microscopic images of the glass slides of the sample with the urban
pathologist [13]. Finally, the pathologist prepares the final pathology report that is used
by the remote doctor for their consultancy.

The current tele-pathology service of the PHC system supports the preparation of
various reports including (i) hematological report, (ii) biochemistry report, (iii)
microbiology report, and (iv) routine examination report of urine, sputum, and stool.

4.3. Tele-Eye Care Service

Patients in rural areas of developing countries, such as Bangladesh, are at a high risk of
ophthalmic diseases. By contrast, there are only 1,000 ophthalmologists for a population
of 160,000,000, resulting in only 0.063 doctors per 10,000 people. Thus, there is a huge
need for ophthalmic support with the PHC system in rural communities. To address this
issue, the PHC system has added the tele-eye care module that works on a mechanism
similar to that used for the tele-pathology feature [6]. Here, the local trained health
worker collects patient data, including retinal images using a digital fundus camera that
are shared with the remote ophthalmologist. Finally, the ophthalmologist prepares the
report after a video conference with the patients. Presently, the PHC tele-eye care system
offers services including; (i) primary investigation, (ii) vision test, (iii) final examination,
(iv) refraction, (v) glass prescription, and (vi) eye prescription.

The PHC tele-eye care module aims to adopt the new artificial intelligence-based
automated detection algorithm to automatically identify diabetic retinopathy. This
technical assistance is expected to contribute considerably toward reducing the workload
of local health workers and remote ophthalmologists.

4.4. Maternal and Child Health Care Service

There is an urgent need for a home-based delivery service of MCH care in rural areas
because, in many cases, village women have some cultural and religious reservations
about visiting distant city hospitals. Furthermore, in most cases, pregnant women from
rural areas prefer to consult a female doctor in person. Thus, the MCH care module has
been added to provide better healthcare services to rural women and newborn babies [14].
Therefore, a PHC service box has added a handy fetal Doppler machine for checking the
baby’s heartbeat and a digital ultrasonography machine for monitoring the baby’s
position in the mother’s womb. It follows the guidelines of the World Health
Organization (WHO) for monitoring the health of pregnant women and newborns from
the beginning of their pregnancy up to six weeks after childbirth [15]. A total of eight
checkups are performed during this period by the PHC rural health workers followed by
tele-consultancy by a gynecologist in the city.

Additionally, the MCH service supports village women, especially all women in the
reproductive age group (15-49 years) and performs basic health checkups using PHC as
preventive healthcare services.
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4.5. COVID-19 Care Service

This is the most recently added module to the PHC system. During the COVID-19
pandemic in 2020. This system has a triage function to accurately classify the suspected
patients who are recommended for a PCR test [16]. This is believed to lower the testing
cost and workload on the test center with limited resources while ensuring that the
patients who require a test are subjected to the appropriate examination.

Based on the test results, the system classifies the subjects into the following five
categories: green, light yellow, yellow, orange, and red. Green indicates that the patient
is healthy and safe from COVID-19 infection. Light yellow means that the patient is
slightly likely to have an infection and should maintain home quarantine with self-
monitoring. Yellow shows that the patient is considered probable to have an infection
and should maintain home quarantine under the supervision of a PHC health worker.
Orange shows that the patient is suspected to have a COVID-19 infection and should
immediately talk to a PHC call-center doctor and undergo a PCR test if advised.
Otherwise, the patient should maintain home quarantine under the supervision of a PHC
health worker. Red means that the patient is very likely to be infected and should undergo
a PCR test or visit a COVID-19 care hospital immediately for further follow-up.

The PHC for COVID-19 system can also be used for the remote (or social
distancing-based) treatment and follow-up of patients who are home quarantined for
suspected or mild-positive COVID-19 infection. The COVID-19 system box contains
four items of self-checking medical equipment; one thermometer, one pulse oximeter,
one BP machine, and one glucometer. This COVID-19 system and tablet PC allows for
the patient’s health monitoring, and communication between the patient and doctor for
tele-consultancy, while maintaining social distance. This ensures the safety of both the
patients and the health professionals, which is crucial for highly infectious diseases, such
as COVID-19. This system box can be rented by an individual COVID-19 positive
patient or shared by several patients in a community with the support of the local health
worker. This system can be easily operated by an individual patient with the aid of the
operational manual after a short operational training.

5. PHC Service Statistics in Bangladesh

The PHC system started basic healthcare service in 2010. Since then, about 44,500
patients have been managed by approximately 40 PHC systems boxes across 18 districts
of Bangladesh until November 30, 2020. For these services, 4,500 pathology reports have
been provided by the tele-pathology service for 1,900 patients as recommended by
doctors.

The tele-eye care service was started in late 2017 in three districts of Bangladesh
and have treated approximately 3,000 patients. The MCH care service was started in
2019 as a pilot program in a district of Bangladesh and has served around 800 women
and babies, including 110 pregnant women. As a continuum care of MCH, this service
will be continued for all pregnant women, new mothers and babies until 2 years after
childbirth.

PHC for the COVID-19 care module was added in June 2020 during the COVID-19
pandemic. As of writing this report, this system had provided care to approximately
1,100 people in three districts of Bangladesh for the identification of suspected COVID-
19 and provided support for home quarantined probable/suspected COVID-19 patients.
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This is expected to exert a considerable positive impact in terms of reduced workload on
the PCR test centers and availability of the test for individuals who really need these
services.

This project conducted several surveys to obtain patient feedback. Mostly the village
women liked this service because they could receive healthcare services in their home.
Although the village people can get primary care service from the public hospital free of
cost, they prefer the PHC service because they can avail the service maintaining privacy
with an affordable price and avoid long distance travel for visiting nearest public
hospitals in the sub-districts. Also, the village women are comfortable with the PHC
service because most of the health workers are women and they feel easy to discuss their
problems with them.

6. Discussion
6.1. Target Patients

The PHC system is not only a tele-health system for treating current patients but also a
tool for community-based healthcare in the population-management approach. In
addition to providing telemedicine services to the orange and red category patients who
need immediate medication, the PHC system can provide preventive care to those
characterized into the green and yellow categories. As per this concept, developing
countries can skip the very long and expensive process of medical service development
that has been observed in the past, and achieve modern medical services at a low-cost.
Although the PHC system has been developed for the rural communities that do not
have access to adequate and appropriate healthcare, it is suitable and very useful as a
home-based healthcare delivery service for elderly patients in urban areas. Most elderly
patients have NCDs and need regular checkups and follow-ups. The PHC service could
help them avoid regular hospital visits and provide the required healthcare support at
home at a pre-scheduled, convenient time. Thus, they can avoid the physical stress
involved in traveling to the hospitals and waiting in the long service queues. So far, the
urban model of the PHC system in Bangladesh has provided services to 36 apartments
in six different areas of Dhaka city covering 1,717 elderly patients. The issue of elderly
patients is more prominent in developed countries. Recently, the demand for
telemedicine-based healthcare service delivery is increasing, and many developed
countries are showing their interest in PHC-type services for their elderly citizens.

6.2. Technical Challenges

The PHC system needs to use a number of small, lightweight and low-cost medical
sensors for its usability and sustainability. However, only few such high-quality sensors
are commercially available. The rest are collected from the available items in the local
market. Although the PHC research team evaluates the products from different
manufacturers and selects the best possible for the PHC system, there remains a concern
of data accuracy. Moreover, there is a need for additional sensors to respond to patients’
needs; however, these are not available. The PHC system aims to offer services at a low-
cost; therefore, we expect manufacturers to design new, low-cost and portable devices in
the future.
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One of the main issues of the tele-health system is that of errors made during data
entry and measurement [17-18]. A wrong entry may lead to an inaccurate diagnosis and
disallow accurate consultation and treatment by the remote doctor. Better training on
system operation of health workers can reduce this error but cannot ensure 100%
accuracy. Alternatively, an RFID-based wireless system can be used to directly transfer
the measured data to the system. Unfortunately, all the commonly available sensors that
can be used in the PHC system are not RFID-enabled, and such RFID-enabled devices
are too expensive for the low-cost PHC service. The use of more low-cost, RFID-enabled
devices would considerably enhance the PHC system and ensure good quality healthcare
service.

As of writing this report, the PHC system is working to adopt a software solution to
predict an acceptance range by analyzing previous records, called the personal
acceptance range [6,19]. If the data cross the acceptance ranges, the system will
automatically give a warning, and the health worker will double-check the data to remove
any error that may be present. If the patient has insufficient previous data, the system
predicts data from subjects of similar age and sex; this is called the group acceptance
range. Besides, there is a hypothetical range as a preset of all ages and sex which is called
human acceptance range. Once this model is implemented, the PHC system will be able
to significantly avoid manual data entry errors and errors attributable to the
malfunctioning of medical sensors.

6.3. Social Impacts

The PHC service has various social impacts to the service areas. It not only improves the
access to good healthcare for rural communities but also engages rural unemployed
youths as health workers in the service. Most of the target patients in the rural
communities are women who do not have many opportunities to visit distant healthcare
facilities; therefore, female health workers are primarily engaged in this home delivery
service to ensure the comfort and privacy of female patients. This creates jobs for the
rural female population who can find employment in their home village. Thus, as shown
in Table 2, the PHC service directly or indirectly contributes to fulfilling various
Sustainable Development Goals (SDGs) set by the United Nations [20].

Table 2. PHCs contribution to sustainable development goals

No. Objective How does it relate
SDG 1 No poverty Establishes businesses and employment
SGD 2 Zero hunger Creating employment opportunity for the poor
SDG 3 Good health and well-being Population and individual health management
SDG 5 Gender equality Creating business opportunities for females
SDG 8 Decent work and economic growth Establishes a business model

SDG 9 Industry, innovation, and infrastructure ~ Establishes a collaborative platform where the
device vendors, software solution providers, and
researchers can find their incentives

SDG 13 Climate action Establishes a post-disaster service

SDG 17  Partnerships for the goals Creates partnerships between Japan and
Bangladesh and other countries
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6.4. Geographical Expansion

As a technologically simple system, the PHC service can be easily replicated and used
in any low-resource community. It can be a useful tool for ensuring universal health
coverage (UHC) by providing sustainable, doorstep healthcare services in unreached
communities of developing countries at an affordable cost. The PHC system has already
been implemented in some parts of Cambodia, India, Thailand, and Pakistan with the
support of local partners. As of writing this report, this system is being implemented in
some other countries and is soon expected to be used in China, Indonesia, and Malaysia.

7. Conclusions

The PHC is a modular tele-health system where new modules, such as tele-pathology,
tele-eye care, tele-MCH care, and COVID-19 care, have been added over time as per the
local needs of the community. With the constant emergence of new requirements, the
PHC system will continue to develop new modules and enhance with time, ultimately
evolving into a comprehensive tele-health solution.

Given the easy-to-use operation model and portability of the PHC system, it is
considered to be an extremely useful tool for use in support shelters during natural
disasters and emergencies. Thus, the PHC system aims to adopt a new triage logic for
disaster management and support in emergency situations [21].

As discussed above, some technical issues should be addressed. In addition, the PHC
system aims to apply the use of artificial intelligence technology for improving the
service and lowering the cost. The achievement of these objectives shall be the direction
for the next generation of the PHC system.
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