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Large‐area infrared chemical imaging of
colorectal tissue using a Spero microscope
Introduction
Mid‐infrared chemical imaging is a powerful quantitative and
non‐destructive microscopy technique that permits the
visualization of a wide range of intrinsic biochemical markers
in tissues, cells, and biofluids without the need for stains or
molecular tags.
This well‐established molecular
fingerprinting technique has been applied in many disciplines,
ranging from materials science and microelectronics to
biomedical and pharmaceutical research. Here, we will
discuss its application to histology using a Spero® microscope
by Daylight Solutions.

The infrared chemical analysis of large sample specimens can
be achieved in one of 2 ways.
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A. Similar to a human pathologist, global screening at
low magnification (large FOV) to track changes in
tissue architecture that are abnormal, followed by
clinical classification of an image captured at high
magnification (small FOV) from a diagnostic tissue
region.
B. As in current digital pathology, whole slide imaging
at an optimized magnification followed by image
pixel classification routines to produce digitally
stained whole slide images.

The Spero microscope combines tunable quantum cascade
laser technology with large format microbolometer cameras
and proprietary wide‐field refractive infrared objectives to
achieve large fields of view (FOV) while maintaining
diffraction‐limited resolution and high SNR. These features
enable high‐throughput data collection protocols to speed up
sample screening by orders of magnitude.
Mid‐infrared spectroscopic imaging of cells, tissue and
biofluids is now a mature science with a wealth of evidence
to support its adoption as an adjunctive tool for clinical
research and diagnostics. However, chemical imaging of large
biopsy tissue sections and tissue micro‐arrays (TMAs) can be
time prohibitive for FT‐IR based microscopes and the data
sets produced are computationally expensive to process
given their magnitude (10’s – 100’s of GBs) [1]. This leads to
the question, are all the frequencies that are routinely
collected in a broadband FT‐IR measurement actually
required for digital infrared histopathology?

Figure 1 displays imaging results that mimic a point and shoot
philosophy as used by conventional pathologists. Figure 1a)
displays an infrared chemical image that was acquired from a
large colorectal tissue section (1.6 x 1.0 cm in size) using the
amide I stretching vibration of proteins in 3.8 minutes. This
was achieved using the newly released enhanced 4X
magnification objective that provides a FOV of 2 x 2 mm2,
pixel size of 4.25 µm and diffraction‐limited resolution of 12
µm at the amide I band. The image allows the tissue
microstructure to be readily visualized and identify tissue
regions with potential abnormal architecture that require
further analysis at high resolution. The Spero microscope
may also be operated in live imaging mode allowing a sample
to be surveyed at video rates at a user selected wavelength
within the 900‐1800 cm‐1 range.

The Spero microscope is a new tool which enables us to
address that question. This application note presents data
acquired from a large human colorectal tissue specimen as an
example case study of this new capability.
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Figure 1: Spero QCL‐based infrared imaging of a colorectal microtome tissue section (192 mm2 in size). A) IR chemical image of
the entire section recorded at 1656 cm‐1. The mosaic image was acquired in 3.8 minutes using the enhanced 4X magnification
objective having a FOV of 2 x 2 mm2, pixel size of 4.25 µm and diffraction‐limited resolution of about 12 µm at the amide I band.
B) Brightfield image of the parallel H&E stained section. C) IR chemical image at a FOV that describes the mucosa recorded at
1656 cm‐1. The image was acquired using the 12.5X magnification objective having a 650 x 650 µm2 FOV, 1.36 µm pixel size and
diffraction‐limited resolution of 5 µm at the amide I band. D) Brightfield 10X magnification image of the parallel H&E stained
section shown in C. Red arrows indicate colonocytes. Black arrows indicate goblet cells.
If a whole slide screening protocol is more desirable, two
major bottlenecks are predominant in IR chemical imaging:
long data collection times and image cube file size. Spero QCL
‐based infrared imaging is able to address both of these
issues by harnessing the power and flexibility of the tunable
laser source. If diagnostic spectral features are located at a
reduced number of frequencies across the full spectrum,
which is often the case, the laser can be programmed to
target these frequencies alone, reducing acquisition time and
data file size proportionately. It is also wise to consider the

Once a tissue area with diagnostic importance has been
identified using the 4X objective, the 12.5X objective can be
used to investigate the tissue chemistry within that region.
Figure 1C displays an IR chemical image captured at the
amide I stretch of proteins using the 12.5X magnification
objective at a FOV suitable for evaluating the mucosa. By
direct comparison to the H&E stained image of the parallel
microtome section in figure 1D it is apparent that the level of
resolvable detail is sufficient to identify the salient tissue
features.
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Figure 2: Comparison of images acquired using the 12.5X and enhanced 4X IR objectives. A) Mid‐infrared chemical image at
1656 cm‐1 of a colorectal tissue section describing a cross section through the mucosa, submucosa and muscularis externa. The
3x3 mosaic image was acquired using the 12.5X magnification objective. B) Mid‐infrared chemical image at 1656 cm‐1 of the
same tissue area described in B). The single camera tile image was acquired using the enhanced 4X magnification objective.
image definition required to resolve the diagnostic features
of the sample being studied.
Figure 2A and 2B display Amide I intensity images recorded
using the 12.5X (3x3 Mosaic) and 4X infrared objectives
respectively of the same colon tissue region. By direct
comparison the mosaic image in 2A clearly delivers superior
spatial resolution. However the image in 2B using the 4X
objective provides enough clarity to resolve small features in
the tissue, including blood vessel walls and the colonocytes
that surround the goblet cells of the crypts (a reference is
provided by the colored arrows in the stained image of figure
1D). Figure 3 displays raw absorbance single‐pixel spectra
that were extracted from the infrared images captured in
Figure 2. The pixel spectra were extracted at the same X,Y
co‐ordinates on both images and plotted offset from each
other for clarity. Closer scrutiny reveals good spectral
reproducibility between the objectives and thus not a
significant dilution of the spectral purity has occurred by
reducing the spatial resolution.
Therefore, the 4x
magnification objective can be sensibly employed for whole
slide screening without a notable loss in diagnostic
information.
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Prominent spectral differences are also observed for the main
tissue structures of the mucosa and submucosa. The goblet
cells for example provide a number of characteristic bands
located at 1044, 1076, 1120 and 1374 cm‐1 that are associated
with mucin. A strong lipid ester band at 1740 cm‐1 is also
observed. The submucosa, in contrast, provides a number of
strong bands that can be directly attributed to the structural
protein collagen with bands located at 1204, 1236, 1280,
1136 (amide III) and 1452 cm‐1 respectively.
Using this a priori knowledge about the chemistry of the
tissue types present in colorectal tissue, a list of spectral
descriptors was constructed that targeted the most
prominent bands and which provide optimal discriminatory
power. These are listed in Table 1. Twelve sparsely
distributed frequencies were used at different peak maxima
to create peak height ratio descriptors using five additional
baseline correction frequencies. This equates to a significant
reduction in image dimensionality from 226 to 17. Hence,
both a time and data size advantage can be realized recording
images at the 17 salient frequencies alone with the sparse
collection mode available with the Spero microscope.
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Table 1: List of spectral descriptors useful to differentiate
different tissue classes and train a Random Forest Classifier.
Infrared imaging datasets were recorded using both the 12.5X
and enhanced 4X infrared objectives in an effort to document
collection time and data size statistics. After collection
infrared imaging datasets were uploaded into the
multisensory imaging tool ImageLab [2] for data visualization
and further chemometric analysis.
QCL‐based Spectral Staining
Within the tissue section studied, 6 main tissue types are
observed. These include the colonocytes, goblet cells, lamina
propria, submucosa and muscularis externa. Blood cells are
also visible nestled in the centre of blood vessel walls. By use
of the multivariate imaging toolbox within ImageLab,
infrared spectra that represented each class were extracted
from a single tile of the mosaic image collected using the 4X
objective with 17 frequencies. This data was used to
generate 10 spectral descriptor values (as in Table 1) for each
tissue pixel spectrum. These were subsequently used to train
a Random Forest Classifier using 75 trees. The result of
applying the trained Random Forest classifier to the 4x
infrared image recorded in figure 2 are displayed in Figure 4a)
and bares good resemblance to the H&E stained image in 4b).

Figure 3: Extracted raw pixel spectra from the 12.5X and 4X
infrared images described in figure 2. Spectra were
extracted from the same X, Y co‐ordinates for both images.
Prominent bands for tissue classes are highlighted.
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Figure 4: A) Random Forest Classification Imaging Result applied to an infrared image recorded from the unstained parallel
tissue section shown in the Brightfield H&E image in B). The coloured arrows indicate the 6 tissue classes as follows (white =
blood, Green = Submucosa, Orange = Lamina Propria, Yellow = Goblet cells of Crypts, Blue = Colonocytes, Pink =Muscularis
Externa. These colours match the spectrally stained colour of the Random Forest classified Image in A).
Summary
QCL‐based infrared chemical imaging has the potential to
provide high resolution, high throughput chemical images on
a timescale that could revolutionise digital infrared spectral
histopathology. The speed gains and data storage reduction
made possible by the Spero microscope are summarized in
Table 2. In the case study presented, the image capture of a
large colon tissue section, 192 mm2 in size, can be completed
in a 1 hour by use of the newly released enhanced low
magnification objective. This provided an image containing
11 million pixel spectra and composed less than 1 GB of
storage space. If diffraction‐limited spatial resolution was a
requisite for the diagnostic application, the spectroscopic
images would instead compose ca. 110 million pixel spectra.
By employing a frequency targeting protocol the collection
time could be effectively quartered and compose a tenth of
the data storage space.
QCL‐based infrared spectroscopy is an exciting and dynamic
field that is set to rapidly expand in the coming years. For
additional evidence of the potential advantages of this new
technology, the reader is referred to several recent
contributions to the field [3‐5]. Prospects of this new
technology are indeed bright!
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In this case study, a large colorectal tissue section was
studied using the Spero QCL microscope and highlighted:
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Diffraction‐limited, high definition infrared images
using the 12.5X magnification objective, which offers
a field of view unrivalled by FTIR based systems.
A new proprietary 4X wide‐field objective that
provides spatial resolution on the order of a single
cell (12µm at 1656 cm‐1 : amide I stretch of proteins).
Significant time advantages using a frequency
targeting protocol to capture infrared imaging data.
Significant data size reduction via frequency
targeting protocols.
Successful supervised algorithm (Random Forest)
construction for digital spectral staining using a
significantly reduced number of absorbance
intensities.
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Table 2: Instrument and imaging data parameters when comparing the 12.5X and 4X infrared objectives using a full scan or
sparse frequency data collection protocol.
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