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Digital pathology – implementation
challenges in low-resource countries
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Abstract. Background: Medical education in pathology and histology in low-resource countries face many obstacles because
of equipment cost and telecommunication deficiencies. Digital Pathology may provide solutions. We report student experience
with virtual slides on a local network and a remote image server.

Methods: Using an iPad tablet device, fifty 3rd and 4th year medical students viewed digital pathology slides from a Web
server at the National Library of Medicine and a mirror server on the local network.

Results: The quality of images from both servers was found to be satisfactory, but the local server was deemed faster and
preferred by the participants in this study (p < 0.005).

Conclusions: Virtual slides on a local network server may provide solutions to equipment and technical obstacles and could
enhance student learning in developing countries.
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1. Introduction

Teaching histology and pathology – image intensive
subjects that require microscopes and glass slides – in
medical, nursing and allied health professional schools
in developing countries is confronted with many chal-
lenges. Among them, the high cost of acquisition and
maintenance of microscopes. As a consequence, two
or more students may have to share a microscope in
the teaching laboratory (Fig. 1). Furthermore, glass
slide specimens may also be shared among students
since preparation of new specimens and replacement
of broken slides are often expensive as well. Moreover,
the time for laboratory hours is limited, and micro-
scopes are often locked up and unavailable for use

∗Corresponding author: Paul Fontelo, MD, MPH, National
Library of Medicine 8600, Rockville Pike, Bethesda, MD 20894,
USA. Tel.: +1 301 435 3265; Fax: +1 301 402 4080; E-mail:
fontelo@nlm.nih.gov.

after class hours. Finally, the faculty-to-student ratio
is also frequently higher due to lack of pathologists in
academia.

Digital pathology, already in use in many medi-
cal schools in the United States and other developed
countries, has been shown to provide advantages over
the usual method of teaching histology and pathol-
ogy [1–4]. In developing countries, digital pathology is
practiced in the form of telepathology in clinical prac-
tice [5–9]. The use of digital pathology (telepathology,
teledermatology) in education [10], second-opinion
consultations [11–14] and primary diagnosis [15–18]
has been reported in several journals. In digital pathol-
ogy, an entire microscopic glass slide (virtual slide,
whole slide imaging) is captured with a digital camera
attached to a microscope, converted to an electronic
format then archived on a Web server that can be
viewed on a computer monitor with a Web browser.
In some settings, plug-ins or special browsers may be
required. It avoids the requirement of using micro-
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Fig. 1. Medical students in a pathology laboratory sharing microscopes and slides.

Fig. 2. With digital pathology, teaching, discussion, and student and faculty interaction is enhanced.

scopes and glass slides while providing the feature
of viewing the entire slide. The dynamic and interac-
tive mode of viewing images (horizontal and vertical
movement of images, and zooming in and out) sim-
ulates viewing a glass slide under the microscope
(virtual microscope). Its interactive features and facil-
ity to view the image on a large monitor promotes
group interaction and discussion (Fig. 2). Images can
be viewed anytime with an Internet or Intranet con-
nected desktop computer, portable or tablet computer,
or even through smartphones anywhere.

Its main challenge may be the requirement for high
bandwidth. The high bandwidth constraint became
apparent in a previous study to evaluate the accuracy of
diagnosis of virtual slides [19]. Some participants trav-
eling in remote areas outside of the United States had to
rely on dialup connections to view the slides. Frequent

timeouts and poor quality images made it immediately
apparent that viewing virtual slides on low bandwidth,
dialup links was not possible.

Implementing digital pathology in low-resource
areas remains a challenge even today. Access to the
Internet on academic networks is often slow and expen-
sive. Other barriers include: the high cost of equipment
for digitizing glass slides and limited student access to
computer workstations especially after class hours. In
developing countries, electrical power may be unre-
liable, outages frequent, and adverse weather events
could disrupt telecommunications. Methods to allevi-
ate some of these drawbacks are discussed below.

Pathologists’ attitude towards digital pathology is
mixed [20–25]. In remote locations where there a lack
of trained pathologists exists, the use of real-time,
dynamic telepathology through whole slide imaging is
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Table 1

Participants’ responses comparing NLM (US) and UPCM (local) server based on a 5-point Likert
scale, 1-Strongly disagree, 5-Strongly agree

Indicators NLM server Local server p-value
(US) (UPCM)

The site is easy to access using an iPad 4.04 4.62 0.0001
The site is easy to navigate using an iPad 3.82 4.5 0.0001
The site loads fast enough to display a clear image 3.86 4.52 0.0003
I see myself using this site to address my academic needs 3.98 4.42 0.0048

increasing. Nevertheless, we are not aware of studies
that explore the student perspective of digital pathol-
ogy especially in developing countries. In this paper,
we attempt to determine the student’s attitudes in one
medical school towards digital pathology.

2. Methods

Teaching glass slides were provided by the Depart-
ment of Pathology, Uniformed Services University
[26]. The images were scanned using an Aperio T3
Scanscope, then, using Zoomifyer EZ the images were
tiled and segmented into smaller JPG files suitable
for downloading on the Web. A copy of the Web
archive of virtual slides (18 gigabytes) from the US
National Library of Medicine (NLM) was transported
on a portable hard drive then copied to the local Web
server in the University of the Philippines College
of Medicine (UPCM) in Manila, Philippines. Both
servers use an Apache server, PHP, and MySQL. The
images were configured for display on Apple iOS
devices (iPhone, iPod and iPad) using BrainMaps-
CASK API [27] from Leiden University Medical
Center.

Fifty medical students (MSIII = 3, MSIV = 47;
male = 24, female = 26; age range, 20–29 years,
mode = 23 years) from the school were recruited dur-
ing enrollment time to participate in a non-randomized
study. The number of students who did not par-
ticipate was unknown. All of the participants had
already passed the required Pathology course in
their second year. After verbal consent was obtained,
they were instructed to view two bookmarked iden-
tical Web sites, one at the National Library of
Medicine (NLM) and the other, a local mirror server
at UPCM (http://images.nlm.nih.gov/pathlab9. and
http://zell.telehealth.ph/pathlab respectively) The par-
ticipants used a first generation iPad (Apple) tablet
computer and its default Safari Web browser. The iPad

Table 2

Medical students’ preferences comparing NLM (US) and UPCM
(local) server

Indicators NLM server Local server
(US) (UPCM)

Quality of images using an iPad 6 44
Ease of navigation using an iPad 6 44
Faster image loading 10 40
Usage in addressing academic needs 9 41

connected to the medical school’s shared wireless net-
work with average tested speeds of 300 Kilobits/sec
download and 54 Kilobits/sec upload. Both Web-
sites were configured for iOS devices that did not
require Adobe Flash player, unlike the usual Web
site (http://images.nlm.nih.gov/pathlab) that did. After
randomly reviewing images from both Websites lasting
between 5–10 minutes, they were asked to complete
a paper-based evaluation. They rated their experience
based on their perception of ease of navigation, access
speed, and preferences comparing the digitized images
from Web server at the NLM and UPCM servers on a
5-point Likert scale (1-Strongly Disagree, 2-Disagree,
3-Somewhat agree, 4-agree, 5-Strongly Agree). Com-
ments were encouraged but not required. No personally
identifiable information was collected.

3. Results

Table 1 shows that the participating medical stu-
dents rated the local UPCM as significantly faster and
responsive to their school needs. The participants also
overwhelmingly preferred the local server to the NLM
server in all questions (Table 2).

Although not required, all of the students provided
written comments to almost all of the questions posed.
Their observations generally concurred that the images
from the local server loaded faster and of the almost
seamless quality in viewing the slides displayed. These
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reflected their ratings shown in Tables 1 and 2. They
also validated one of virtual slides’ significant fea-
tures – that virtual slides simulate the experience of
examining glass slides under an optical microscope.

Some general comments common to both servers
were: it “makes patho[logy] studies interesting”, “high
quality pictures”, “simple interface”, “the pictures are
very nice and the site is more aesthetically pleasing”,
“interactive”. The slides were labeled with the diagno-
sis only, so many comments talked about, “no labels
of structures, lack of descriptions” and that they would
find it more useful and easier for navigation if parts of
the slides have labels, rather than just having diagnosis.

The specific comments on the servers reflect the
bandwidth deficiency that slowed the display of digi-
tal images from the NLM server. They found the local
server to be “simple”, “fast loading”, “zooming, load-
ing time in local server is faster than US server”, and
“local server is faster!” Conversely, some described the
digital images from US server were described as hav-
ing “choppy transitions”, “a bit slower than the local
one”, and “harder to zoom in and out”.

4. Discussion

Although access to the Internet in the Philippines
is widespread with 33% of the population connected
to the Internet [28], bandwidth in most places is still
less than 1 Mb/s. Metropolitan areas may attain speeds
greater than 1 Mb/s but this may not be the case in
most other locations in the country. In this study, the
network in the medical school, which is situated at
the nation’s capital, is rated at 8 Mb/s but desktop and
wireless access distributed across the campus is still
less than 1 Mb/s.

The participants in this study accessed digital slides
archived in a local server and in a Web server through
the Internet. Although the medical students found their
experience to be generally satisfactory in this study,
digital pathology implementation in developing coun-
tries may still be limited by slow connections to the
Internet. However, slow connectivity or unavailabil-
ity of Internet access need not hamper the use of
digital pathology in developing countries. In conduct-
ing this study we discovered that digital slides stored
on a portable hard drive or USB drive can be con-
nected directly to a local computer and displayed in
a Web browser. In situations where several students
need access simultaneously, a local machine may be

used as the server in an Intranet setup. The increasing
capacity and lowering costs of these portable storage
devices make them suitable alternatives to access-
ing virtual slides through the Internet. At present,
connecting portable hard drives to mobile handheld
devices, such as a tablet computer, is not yet generally
feasible. However, mobile devices can use microSD
(secure digital) memory cards, which might enable this
process.

The use of digital slides in medical education makes
the study of histology and pathology a meaningful yet
interesting endeavor for students [29]. In this study,
we received positive comments that showed how stu-
dents perceived the use of digital pathology in medical
school. The students also suggested that they would
find useful and easier to navigate if parts of the slides
had labels, rather than just having diagnosis. This is
a feature that has been suggested in the past so the
next version of this collection will likely include labels
to diagnostic features of the slide. An option will be
provided to switch between labeled and unlabeled ver-
sions. Essential instructional and navigational features
of slides could be added to thumbnail images to aid the
student but which could be hidden when not needed.
The unlabeled images might be useful for instructors
and for student assessment.

In developed countries, local area networks are often
assumed to be robust and adequately managed. How-
ever, it does not usually prevail in low-to-medium
income countries where reliability is a continuing chal-
lenge. On top of the expense of network hardware,
there is also the cost of hiring and retaining competent
technical personnel to install, configure, and keep the
local network running at optimal levels. Although local
access to the digital slides received better reviews from
the students in this study, the hidden cost of keeping
a reliable network should be considered when plan-
ning the appropriate placement of servers and wireless
networks.

Since the study was done in a single medical school
in the Philippines – it may not be universally applica-
ble. However, since many of the conditions mentioned
earlier prevail in developing countries, the lessons
learned in this study might provide suggestions on the
implementation of digital pathology in low-resource
areas. The non-randomized and non-blinded nature of
this study is a limitation. More systematic, randomized,
and blinded studies are indicated. Another limitation
of the study is the use of a single iPad by the stu-
dents. With simultaneous, multi-user use access, the
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local area network may become congested if it is not
configured properly to balance the load across high
demand mobile devices. Quality of service may suf-
fer and the teacher/student experience will be less than
optimal.

Although a local archive and an external drive might
be adequate for viewing slides locally, many aca-
demic organizations provide virtual slide archives that
might be useful for student teaching and resident train-
ing. Future studies might also include experiments
to determine the minimum acceptable bandwidth for
viewing virtual slides. Perhaps, a reassessment of
pathologists’ attitudes and acceptance of telepathol-
ogy and whole slide imaging is needed. In regions of
the world where there are not enough pathologists,
it is a necessity. The cost of scanning slides is still
prohibitive in most developing countries. Collabora-
tion between academic centers in developed countries
with digital scanning equipment and universities in
developing countries with teaching slides that may
be rare and unusual in developed countries, could
enhance medical education for all. Ultimately, it may
be cost-effective for a university to send their teach-
ing slides to partner institutions by mail or courier
who can digitize them for sharing across participating
schools.

5. Conclusion

Our results show that access to both servers was sat-
isfactory but the local server was deemed faster and
preferred by a majority of participants in this study.
Virtual slides, accessible through a local server or
portable drive may be a solution to the high bandwidth
requirement of digital pathology or in places where
the Internet in unavailable. Collaborations with uni-
versities in developed countries would enhance image
collections for teaching for institutions and these can
be shared with others.
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