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Comparison between digital and optical microscopy:
Analysis in a mouse gut inflammation model
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Abstract. Virtual microscopy is currently widely used for
various purposes, such as teaching, archiving, collaborations
and research. Although the cost of this technique has reduced,
it continues to be expensive for the majority of laboratories
in developing countries. The Graduate Program in Pathology
at the Federal Fluminense University (Niterdi, Brazil) has
acquired equipment for virtual microscopy. However, this
novel method faced prejudice, as students and technicians
were skeptical about its reliability. Thus, the aim of the current
study was to evaluate whether virtual microscopy is a reliable
method of analysis for our research. Thus, a mouse gut inflam-
mation model developed by our research group was used
in the present study. Analysis was performed using optical
microscopy and digital imaging using the APERIO scanning
system and the ImageScope® software. Intestinal epithelial
cells (IECs), intra epithelial leucocytes (IEL), and villi number
and area were evaluated. No significant differences were
observed in villi number, IEC and IEL; however, the villi area
was significantly smaller when measured using the computer.
Thus, the present study indicates that virtual microscopy is a
trustworthy method for research purposes.

Introduction

The gold standard in pathology used to this day is slide anal-
ysis through optical microscopy, which was invented in the
17th century (1). Advancements in technology have enabled
constant improvements in resolution and photography. The
first electromagnetic lens was developed by Hans Busch in

Correspondence to: Dr Gerlinde Agate Platais Brasil Teixeira,
Gastrointestinal Immunology Group, Department of Immunobiology,
Institute of Biology, Federal Fluminense University, Barros Terra
Avenue, Niteroi, Rio de Janeiro 24020-150, Brazil

E-mail: gerlinde_teixeira@id.uff.br

Key words: virtual microscopy, optical microscopy, whole slide
image, gut inflammation, mouse, digital

the late 1920s (2), and similar to optical microscopy, it too
experienced major developments as technology increased (3).
Amongst the technological advancements of the mid 1980s,
an important one was digital microscopy. However, it was not
until the late 1990s (when personal computers finally became
powerful enough to process and store the large quantities of
information derived from glass slides) that digital microscopy
became reliable to be used in medical practice and research
worldwide (4-7).

With additional advancements, this technology became so
trustworthy that scientific methods using informatics are now
standard procedure (8). This is particularly true for contempo-
rary trends, such as the construction of three-dimensional tissue
models and in vivo imaging, for which optical microscopes were
replaced by digital imaging (9,10). Scanners nowadays are able
to create a digital image of the entire slide, which can then be
viewed virtually on smartphones, tablets and laptops (11,12).
The possibility of analyzing data on-the-go, or even on the other
side of the planet, is a marked benefit of digital imaging and
virtual microscopy (13). In this context, open-source software
programs were developed featuring data availability, collabora-
tion and providing more transparency in research, as researchers
are able to assess the analysis of others more freely.

While the use of digital imaging has also contributed
to the re-analysis of old biopsies, confirming or disproving
diagnoses in clinical practice (9,14), digital imaging also
benefits the teaching process (15). The image of a single
scanned slide may be distributed to numerous students who
may have access either in the same room or remotely. Thus, for
teaching purposes, digital and virtual microscopy replace the
box containing glass slides and the textbook images. Rather
than having multiple boxes with similar tissue sections, virtual
microscopy allows the creation of a more extensive library and
the evaluation of numerous different cases. However, handling
a microscope continues to be an important skill and this expe-
rience should be offered to students when possible (4,16).

One of the early important drawbacks of digital micros-
copy was the elevated cost of the equipment (17), limiting this
method to larger research labs, particularly in underdeveloped
countries. In recent years, however, the costs have rapidly
reduced (11). A potential disadvantage of digital and virtual



248

slides is the file size, which can be particularly large, thus
requiring better and more expensive computers for optimal
performance and transmission over the internet (4,5,11).

As prices have reduced in recent years and computers
deal better with large size files, our graduate program (at
the Federal Fluminense University, Niter6i, Brazil) applied
for and received a grant to purchase a slide scanner in 2014.
Although this was a great achievement, the students and
faculty were skeptical about its reliability when compared
with traditional microscopy. This skepticism is also apparent
in developed countries, although digital microscopy usage has
been growing steadily in clinical practice (18). Thus, in the
present study analysis of the duodenum of mice with normal
and inflamed guts was compared when using traditional and
digital microscopy.

Materials and methods

Tissue samples. A mouse model of gut inflammation developed
by Teixeira et al (19) was used in the present study. Briefly,
adult male C57BL/6 mice bred in the local animal facility of
Federal Fluminense University (Rio de Janeiro, Brazil) were
given free access to food and water. They were 2-months-old
and weighed ~25 g at the beginning of the experiment. The
animals were immunized subcutaneously twice (with a 21 day
interval) with 100 g specific protein with (primary) or without
(booster) adjuvant, 1 mg aluminum hydroxide [AI(OH);].
Subsequent to immunization, the animals received a challenge
diet containing only the allergenic protein for 30 days. They
were maintained at the university's bioterium (temperature of
22°C, ~60% humidity and 12 h light/12 h dark cycle) and the
number of animals per cage varied from 4-6. This study was
approved by the Ethical Committee of the Federal Fluminense
University (Niter6i, Brazil).

Tissue preparation. The experiment was terminated after the
challenge diet period, with an overdose of anesthetics, totaling
200 ul per animal (100 pl of xylazine + 100 pl of ketamine,
concentrations at 60 mg/kg and 350 mg/kg, respectively,
produced by Sespo Industries®, Paulinia, Sao Paulo, Brazil).
After examining the peritoneal cavity, a 2 cm segment of the
gastro-duodenum junction was collected for histopathology.
These were fixed with 10% buffered formaldehyde, and stained
for 5 min with hematoxylin and for 3 min with eosin at 23°C.

Tissue analyses. All microscopic analyses were performed
using optical and digital microscopy. For optical
microscopy (OM), an Olympus BX41 with magnifications
of x480 (40X objective + 12X ocular) and x1,200
(100X objective + 12X ocular) was used. A reticle with a
100 xm ruler was placed in the eyepiece such that the image
of the ruler was imposed onto the tissue sample. For the digital
microscopy (DM), the slides were scanned using the APERIO
ScanScope CS System® with a 20X objective lens. To evaluate
the histological parameters, the ImageScope® software
(v11.2.0.780; Leica Microsystems GmbH, Wetzlar, Germany)
tools were used with a 7.2 digital zoom for cell counting.
The evaluated parameters were as follows: Integrity of the
intestinal structure, number of villi per field (OM) and per
4,000 um tissue (DM); villi height, width and area; number of
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Figure 1. Images demonstrating examples of how the analysis of duodenum
slides was performed in: (A) Digital microscopy (magnification x20), where
each villus was framed using a trackpad, and the software calculated each
villus area automatically. The authors used the same method to obtain the
height and the width of each villus; and (B) optical microscopy (magnifica-
tion x1,200), where a ruler was placed on the ocular lens, which was used to
measure each villus height and width and therefore calculate the area of the
villi. Both slides were stained with hematoxylin and eosin.

intestinal epithelial cells (IECs) and number of intraepithelial
leukocytes (IELs). The software calculated the zoom and
placed the ruler automatically.

Villi height, width and area. For OM analyses the height and
width of all villi in the chosen field were measured. The width
was measured approximately in the middle of the villus height.
The villi area was obtained later by multiplying the height with
the width of each villus.

For DM analyses the height and width of all villi in the
4,000 um of chosen tissue were measured using a touch pen
and a trackpad (Apple Inc., Cupertino, CA, USA). To calculate
the area, the edge of each villus was traced using a touch pen
and a trackpad (Fig. 1).

IEC and IEL counts. For OM, IEC and IEL counts were
performed with a 100X immersion lens (magnification, x1,200),
and immersion oil (1 ml; Newprov, Pinhais, Brazil) was placed
on each slide. For DM, an iPhone 6 (Apple Inc.) application,
Touch Counter® (v1.0; Nexbrain, Seoul, Korea) was used to
count IECs and IELs (optical magnification of the scanner,
20x plus digital magnification in the software, 20x).

Statistical analysis. Data are expressed as means =+ standard
deviation. A two-way analysis of variance with Bonferroni
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Figure 2. (A) Comparison between analysis of villi area using DM and
OM. DM revealed a villi area significantly smaller than OM (P<0.05).
(B) Comparison between analysis of IECs per villus using DM and OM.
(C) Comparison between analysis of IELs per villus using DM and OM. No
statistically significant differences were observed in IEC and IEL counts
(P=0.07 and P=0.08, respectively). DM, digital microscopy; OM, optical
microscopy; IEC, intestinal epithelial cell; IEL, intra epithelial leucocytes.

post hoc test was used to determine the minimum significant
difference using Graphpad Prism 6 Software (GraphPad
Software, Inc., La Jolla, CA, USA). P<0.05 was considered to
indicate a statistically significant difference. All analyses were
performed with a minimum of five animals per cage.

Results

Villi number. No significant differences were observed in villi
number between either method of analysis (data not shown).

Villi area. It was observed that the measurements of villi area
using DM (20,391.87+9,064.49 ym?) were significantly smaller
(P<0.05) than those measured by OM (24,996.54+9,620.67 ym?;
Figs. 1A and 2A).
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IECs and IELs. As shown in Fig. 2B and C, no significant
differences were observed between the two methods, although
counting using DM demonstrated a smaller deviation when
compared with OM (DM, 79.90+27.34 vs. OM, 78.71+29.18)
and (DM, 2.62+1.22 vs. OM, 3.06+1.32). Thus, no difference
was observed for the ratio of IEC to IEL.

Discussion

The primary strategies used to diagnose a food allergy are
evaluating clinical history and performing physical examina-
tion, whereas the definitive method is to submit the patient
to an oral challenge with the suspected food and assess the
allergic reactions at an organ level (20,21). For researchers, the
state of the organs is particularly interesting to enable investi-
gation of the pathological mechanisms of the disease and the
development of novel treatment methods (21,22).

In the present study, we analyzed two methods of analysis
(OM and DM) of the inflammatory status of the duodenum
of mice submitted to a food allergy induction protocol was
compared. Previous studies from our group reported the inflam-
matory milieu of the gut of allergic animals submitted to oral
challenge, as well as the normal millieu of the gut of allergic
animals that were not submitted to oral challenge (23,24). The
analysis performed in these papers used either OM or DM;
however, no comparison was performed. Historically, OM is
considered to be the gold standard by many of the students
and professors in the authors' department (Department of
Immunobiology, Federal Fluminense University, Rio de
Janeiro, Brazil) and in other universities in Brazil. Thus, all
analyses were performed using this method. With the acquisi-
tion of a slide scanner by the Federal Fluminense University
and the use of digital analysis software, a comparison between
the two methods was considered to be mandatory. Thus, the
present study reveals that digital imaging analysis a reliable
method, and it a novel standard was established, as it is very
accurate in determining the staging of the inflammatory state
of the gut. As soon as slides have been digitalized, analyses
may be performed wherever there is access to a good computer
and/or internet. It is important to mention, however, that both
methods (OM and DM) offer different perspectives to the user,
therefore one is not better than the others. They are all compli-
mentary to each other, allowing students and researchers to
learn and discover novel methods of analysis.

The results described in the present study indicate that
the two methods are largely equivalent, as the majority of the
results were not statistically different. The most important
disadvantages of OM are the lack of reproducibility due to
operator bias (25,26) and the requirement of more than one
high image quality microscope in the lab. However, Dee (5)
identified numerous advantages of virtual microscopy over
traditional microscopy, including accessibility, costs, and
efficiency, amongst others.

The only result that demonstrated a statistically significant
difference was the measurement of villi area, which may be
explained by the operator bias involved in OM (14), as stated
by Fisher and Parsons (27) when he compared his study to that
of others (28). Another reason is that villi do not have regular
borders, thus the fact that the villi (including the indents) are
delimited with the pen explains the observed difference and
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deviation. However, the small differences between the methods
of analysis did not impact upon the diagnosis of gut inflamma-
tion when compared with the inflammatory status of the gut,
which was established using the inflammation score developed
by Marsh (29) and modified later by Oberhuber ef al (30,31).

In conclusion, in our mouse model the usage of either
method of intestine analysis did not differ significantly from
each other, thus showing that digital imaging is a trustworthy
method for study purposes.
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