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INTRODUCTION

The intestine of all animals can exhibit dramatic and rapid functional and structural alterations in
response to different dietary factors. Therefore, histomorphometry can assess, in a quantitative or
semi-quantitative manner, the overall effect of any feed ingredient on the microscopic structure of
the organ, providing, at the same time, a good indication on its effects on the intestine functions.

Like any other method, intestine histomorphometry has many steps, starting from the collection
of appropriate and sufficient tissue samples, to the statistical analysis of the measurements. The
aim of the present opinion paper is not to provide a detailed discussion on all steps included,
but to provide suggestions on the critical points regarding the planning and reporting of the
histomorphometric assessment that is routinely used in fish nutrition research. Based on these
suggestions and following the ARRIVE recommendations, Table 1, presents a checklist for the
authors to consider, in order to increase the comparability and ultimately the repeatability of
the studies.

COLLECTION OF APPROPRIATE TISSUE SAMPLES—WHEN,
WHERE, HOW

Generally speaking, intestine tissue samples are collected at the beginning of the trial and later,
at different time points. One important piece of information that is rarely mentioned is how the
number of sampled animals per group was decided. This is stressed in the ARRIVE guidelines (1),
is included in many relevant legislations and is even part of the application to receive approval for
the use of the animals in research. As this number is also connected to the observed differences (or
lack of) between the treatments, a power analysis should always be included in the methodology
and the results. This analysis will also indicate what differences are considered meaningful by the
authors (e.g., what the effect size is).

Another piece of information that is also rarely mentioned is the collection of the tissue samples
in relation to the last feeding. As even a short-term starvation of 24 h can have an effect on the
microscopic structure of intestine (2), this period should always be reported and standardized,
if possible.

One thing that often many authors seem to disagree on, is the determination of the different
intestine segments. When observing the intestine of fish, in most cases, the organ is not easily
divided morphologically into distinct segments, as the intestine of mammals. However, from the
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TABLE 1 | Checklist for the planning and reporting of intestine histomorphometry in fish nutrition research.

Point Recommendation

Scope Define clearly the scope of histomorphology and how this assessment is related to any other studies included in the article.

Type of assessment Explain why a semiquantitative or a quantitative assessment was selected.

Number of animals sampled per

treatment

Justify the number of animals sampled, including an a priori power analysis and an indication of the effect size.

Number of tissue sections and

observation areas per section

State and justify the number of tissue sections per fish and per intestine segment used, particularly in relation to the

expected effect on the intestine (i.e., localized or more extensive). Within each section, how many observation areas were

used for the assessment of the indices and why.

Selection of morphometric

indices

Justify the relevance of the selected indices in relation to the overall scope of the article. State any threshold scores/values

that are considered meaningful in relation to other results.

Selection of scores If a semiquantitative assessment is chosen, use a scale of 4–5 scores per index, with clear and complete descriptions.

Statistical methods Use appropriate statistical methods depending on the nature of the assessment: quantitative or semiquantitative. Carry out

correlational tests between this assessment and other obtained results, e.g., growth performance, immune function, gene

expression, etc.

Interpretation/implications Discuss the results in relation to the initial hypothesis and in relation to the other results.

anterior intestine to the posterior end, different functions take
place and microscopically, at least three different segments can
be distinguished, anterior, mid, and posterior. For example,
major differences in the microscopic structure, related to the
function, include differences in the height of intestinal villi
(reduced toward the posterior intestine) and differences in the
number of goblet cells (increased toward the posterior intestine).
The determination of the proportion of the anterior, mid, and
posterior intestine is mostly related to the fish species. However,
even for the same species, different authors use different ways
to distinguish the different segments, sometimes without even
stating the criteria used for this definition. For example, what
is indicated as posterior intestine in zebrafish (Danio rerio) by
Wallace et al. (3) is considerably shorter compared to what is
indicated by Wang et al. (4). In trout, anterior intestine is usually
considered the segment with the pyloric caeca (5), but sometimes,
it can also be the area behind this (6). As the length of the intestine
can also be corelated to the overall size of the individual fish, it is
therefore preferable if the segments are presented as percentage
of the entire length, based again on the actual function of the
segment. Adjustments, based on the scope of the study, should
be clearly justified in the methodology section.

PREPARATION OF TISSUE SECTIONS FOR
THE EVALUATION

For any histomorphometric evaluation, an unbiased selection of
a sufficient number of observation areas, containing appropriate
intestinal folds, is important. Different authors use either
longitudinal, or cross sections of the different intestine segments.
Although there is limited published information in fish, it
appears that longitudinal sections of closed intestine are more
appropriate, as Gava et al. (7) concluded for the morphometric
analysis of intestine in broilers. Cross sections can also be used,
but then, more sections are needed to provide a statistically
representative picture of the whole length of the segment,
particularly in relation to the developed condition (i.e., is this a

multifocal or a diffuse enteritis, extending to the entire segment?).
In any case, the criteria for the selection of the number of tissue
sections and the observation areas within the sections should be
clearly mentioned in the methodology, particularly in relation to
the expected variation along the intestine segment.

PLANNING A SEMIQUANTITATIVE OR A
QUANTITATIVE ASSESSMENT

Semiquantitative histomorphometric evaluation is an easy way to
perform a quick screening of many tissue samples, particularly in
pilot studies, but it relies heavily on the training/experience of
the observer and it has to meet certain criteria (8). On the other
hand, quantitative histomorphometry provides with a clear set
of measurements or enumerations, requiring little experience by
the observer. The key point here is that the measurements should
be representative of the entire intestine segment as mentioned
earlier. For instance, in one of the most fundamental published
morphometric assessment of the soybean meal induced enteritis
in salmon (9), it was not mentioned whether the enteritis affected
evenly the entire posterior intestine and thus how representative
were the results provided by the use of 3–4 cross sections per fish.
For both the semiquantitative and quantitative assessment, after
the cutting and the appropriate staining, the tissue sections are
observed using light microscopy. Photographs of the appropriate
observation areas are taken and specialized image analysis
software is used for the assessment. For the semiquantitative
assessment, for each descriptive index selected, an arbitrary
scoring system is suggested (e.g., from 1 to 5), whereas for the
quantitative assessment measurement/enumeration of certain
indices is carried out. In both assessments, a number of
observation areas are arbitrary chosen and depending on the type
of data, the mean or the median of all these areas is reported
per animal.

The selection of the indices in the different studies, and
particularly for the semiquantitative approach, the description
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and the range of the scoring system, are probably the issues that
exhibit the highest variation among the different studies, making
them the most critical factors that reduce the comparability
between studies. Using soy-related research as an example,
the following studies that employed semiquantitative intestine
histomorphometry can be used to demonstrate this variation.
(a) Kokou et al. (10) used 9 fish per treatment, 5 indices
and 3 scores per index, (b) Liu et al. (11), used 6 fish per
treatment, 3 indices and 5 scores per index, (c) Venold et al.
(12) used 12 fish per treatment, 8 indices and 10 scores per
index. Although all three studies provided interesting results and
succeeded in identifying some differences between treatments,
they did not justify the number of fish used, or why they
chose the specific indices and scoring system, so that their
results can be easily compared with future studies. Regarding
the scoring system, Ward and Thoolen (13) suggested that the
indices used should be definable, reproducible, and should have a
relevant to the studied subject value. The range of scores should
preferably be between 4 and 5, to maintain a reasonable level
of sensitivity, maintaining at the same time good repeatability.
Common descriptions that often appear in publications, like
“normal size,” “increased size,” and “large size,” should be avoided.
Any modifications should be justified, as they can affect the
comparability between studies.

SELECTION OF APPROPRIATE
HISTOMORPHOMETRIC INDICES

The most common histomorphometric indices used in fish
nutrition studies are: (1) morphology and height of intestinal
villi, (2) height of enterocytes, (3) number and size of
goblet cells, (4) lamina propria and submucosa thickness,
(5) tunica muscularis thickness, (6) supranuclear vacuoles in
enterocytes, (7) identification of various inflammatory cells
(e.g., lymphocytes) in the epithelium, or in the lamina propria
and submucosa (often using immunohistochemistry). Other
indices that have been used by some authors are: fractal
dimension analysis (to study the architectural complexity
of the intestinal mucosa) and microvilli morphology and
density. Within the context of fish nutrition, the use of
the before mentioned indices, aims to assess the effects
of any experimental diets on overall health status of the
intestine and the presence of an inflammation. Furthermore,
this assessment will support other observations, like growth
performance, and indirectly indicate the capacity of the intestine
to respond to other factors that might appear, such as various
pathogens. However, there are some considerations regarding
their use.

How Relevant Are the Indices and When
Do the Values/Scores Become Meaningful?
In mammals, there are some common findings observed
in most types of enteritis, like increased infiltration of the
intestinal wall by a variety of inflammatory cells (initially in
the mucosa and then submucosa), epithelial cell proliferation,

changes in the number and size of goblet cells and changes
in the villus morphology (14). Consequently, most of the
previously listed indices for fish are considered relevant, as
the numerous publications on the enteritis induced by plant
feed ingredients also demonstrate. However, what is not that
clearly demonstrated in fish is when the observations become
meaningful and not only statistically different. In fish, for
instance, it appears that depending on the experimental design,
growth and morphometric indices are not always correlated,
as for example, Egerton et al. (15) and Najafabad et al. (16)
observed. It should be noted though that in both studies, the
indices were assessed separately and this could have potentially
reduced the strength of the overall assessment of the organ, as
it is discussed below. What is also critical for future studies,
is that the studies should include a correlational assessment, to
demonstrate how relevant the indices are to the scope of the
study and ideally, to set thresholds, above which values/score
become meaningful, as for example this is very common in
human medicine (17).

Can the Indices Be Used Separately or a
Sum/Average Score Is More Relevant?
For both ways of assessment, the values of the indices are
presented either as separate scores, or as a sum/average
of the individual indices. The first approach might be
more appropriate if specific layers/cells are of interest,
while the second approach appears to be more appropriate
to give a representative score for the entire organ, since
this is made up of the different components/structures
(18). In this case, the accuracy of the assessment
is increased if the significance, or “weight,” of each
contributing index is determined, before any sum or average
becomes meaningful.

Should These Indices Be Measured at the
End of the Trial or at Different Time Points
to Provide a Meaningful Picture?
If we use soybean-induced enteritis in salmon, as an example,
early alterations include: shortening of mucosal folds, reduced
vacuolation of enterocytes and increased infiltration by
inflammatory cells of the epithelium, lamina propria and
maybe submucosa. Depending on the inclusion levels, these
can even appear in a few days, followed by changes in the
populations and morphology of goblet cells, as Urán et
al. (9) and Sahlmann et al. (19) demonstrated. It should
be noted that in the two publications mentioned, 4–5 fish
per treatment were sampled per time point, so a higher
sample size could have indicated early signs even earlier.
For the case of goblet cells in particular, it should also be
noted that chronic influence of various stressors may result
in the loss of goblet cells (20) and thus their assessment
might not be that valid if only performed after a prolonged
treatment. Hence, when the development of any histological
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alteration is not known, multiple sampling points should be
used to indicate the progress of the condition and support
the conclusions.

AUTHOR CONTRIBUTIONS

IV: preparation of the entire manuscript.

REFERENCES

1. du Sert NP, Hurst V, Ahluwalia A, Alam S, Avey MT, Baker M, et al. The arrive
guidelines 2019: updated guidelines for reporting animal research. PLoS Biol.
(2020) 18:e3000410. doi: 10.1371/journal.pbio.3000410

2. Ostaszewska T, Korwin-Kossakowski M. Wolnicki J. Morphological changes
of digestive structures in starved tench Tinca tinca (L.) juveniles. Aquacult Int.
(2006) 14:113–26. doi: 10.1007/s10499-005-9016-z

3. Wallace KN, Akhter S, Smith EM, Lorent K, Pack M. Intestinal
growth and differentiation in zebrafish. Mech Dev. (2005) 122:157–
73. doi: 10.1016/j.mod.2004.10.009

4. Wang Z, Du J, Lam SH, Mathavan S, Matsudaira P, Gong Z.
Morphological and molecular evidence for functional organization along
the rostrocaudal axis of the adult zebrafish intestine. BMC Genomics. (2010)
11:392. doi: 10.1186/1471-2164-11-392

5. Verdile N, Pasquariello R, Scolari M, Scirè G, Brevini TAL, Gandolfi F. A
detailed study of rainbow trout (Onchorhynchus mykiss) intestine revealed
that digestive and absorptive functions are not linearly distributed along its
length. Animals. (2020) 10:745. doi: 10.3390/ani10040745

6. Jutfelt F. Integrated function and control of the gut. In: Farrell AP, editor.
Barrier Function of the Gut, Encyclopedia of Fish Physiology. Oxford: Academic
Press (2011). p. 1322–31.

7. Gava MS, Moraes LB, Carvalho D, Chitolina GZ, Fallavena LCB, Moraes,
HLS, et al. Determining the best sectioning method and intestinal segment
for morphometric analysis in broilers. Rev Bras Cienc Avic. (2015) 17:145–
9. doi: 10.1590/1516-635x1702145-150

8. Meyerholz DK, Beck AP. Fundamental concepts for semiquantitative
tissue scoring in translational research. ILAR J. (2018) 59:13–
7. doi: 10.1093/ilar/ily025

9. Urán PA, Schrama JW, Rombout JH, Taverne-Thiele JJ, Obach A, Koppe W,
et al. Time-related changes of the intestinal morphology of Atlantic salmon,
Salmo salar L., at two different soybeanmeal inclusion levels. J Fish Dis. (2009)
32:733–44. doi: 10.1111/j.1365-2761.2009.01049.x

10. Kokou F, Sarropoulou E, Cotou E, Kentouri M, Alexis M, Rigos G. Effects
of graded dietary levels of soy protein concentrate supplemented with
methionine and phosphate on the immune and antioxidant responses of
gilthead sea bream (Sparus aurata L.). Fish Shellfish Immunol. (2017) 64:111–
21. doi: 10.1016/j.fsi.2017.03.017

11. Liu H, Jin J, Zhu X, Han D, Yang Y, Xie S. Effect of substitution of dietary
fish meal by soybean meal on different sizes of gibel carp (Carassius auratus
gibelio): digestive enzyme gene expressions and activities, and intestinal and
hepatic histology. Aquacult Nutr. (2017) 23:129–47. doi: 10.1111/anu.12375

12. Venold FF, Penn MH, Krogdahl Å, Overturf K. Severity of soybean
meal induced distal intestinal inflammation, enterocyte proliferation rate,

and fatty acid binding protein (Fabp2) level differ between strains of
rainbow trout (Oncorhynchus mykiss). Aquaculture. (2012) 364–65:281–
92. doi: 10.1016/j.aquaculture.2012.08.035

13. Ward JM, Thoolen B. Grading of lesions. Toxicol Pathol. (2011) 39:745–
6. doi: 10.1177/0192623311408622

14. Erben U, Loddenkemper C, Doerfel K, Spieckermann S, Haller D, Heimesaat
M, et al. A guide to histomorphological evaluation of intestinal inflammation
in mouse models. Int J Clin Exp Pathol. (2014) 7:4557−76.

15. Egerton S, Wan A, Murphy K, Collins F, Ahern G, Sugrue I, et al.
Replacing fishmeal with plant protein in Atlantic salmon (Salmo salar)
diets by supplementation with fish protein hydrolysate. Sci Rep. (2020)
10:4194. doi: 10.1038/s41598-020-60325-7

16. Najafabad KM, Imanpoor MR, Taghizadeh V, Alishahi A. Effect of
dietary chitosan on growth performance, hematological parameters,
intestinal histology and stress resistance of Caspian kutum (Rutilus
frisii kutum Kamenskii, 1901) fingerlings. Fish Physiol Biochem.
(2016) 42:1063–71. doi: 10.1007/s10695-016-0197-3

17. Novak G, Parker CE, Pai RK, MacDonald JK, Feagan BG, Sandborn
WJ, et al. Histologic scoring indices for evaluation of disease
activity in Crohn’s disease. Cochrane Database Syst Rev. (2017)
7:CD012351. doi: 10.1002/14651858.CD012351.pub2

18. Gibson-Corley KN, Olivier AK, Meyerholz DK. Principles for
valid histopathologic scoring in research. Vet Pathol. (2013)
50:1007–15. doi: 10.1177/0300985813485099

19. Sahlmann C, Sutherland BJG, Kortner TM, Koop BF, Krogdahl Å, Bakke AM.
Early response of gene expression in the distal intestine of Atlantic salmon
(Salmo salar L.) during the development of soybean meal induced enteritis.
Fish Shellfish Immunol. (2013) 34:599–609. doi: 10.1016/j.fsi.2012.11.031

20. Chen Z, Ceballos-Francisco D, Guardiola FA, Esteban MÁ. Influence of
skin wounds on the intestinal inflammatory response and barrier function:
protective role of dietary Shewanella putrefaciens SpPdp11 administration to
gilthead seabream (Sparus aurata L.). Fish Shellfish Immunol. (2020) 99:414–
23. doi: 10.1016/j.fsi.2020.02.022

Conflict of Interest: The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Vatsos. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 4 April 2021 | Volume 8 | Article 666044

https://doi.org/10.1371/journal.pbio.3000410
https://doi.org/10.1007/s10499-005-9016-z
https://doi.org/10.1016/j.mod.2004.10.009
https://doi.org/10.1186/1471-2164-11-392
https://doi.org/10.3390/ani10040745
https://doi.org/10.1590/1516-635x1702145-150
https://doi.org/10.1093/ilar/ily025
https://doi.org/10.1111/j.1365-2761.2009.01049.x
https://doi.org/10.1016/j.fsi.2017.03.017
https://doi.org/10.1111/anu.12375
https://doi.org/10.1016/j.aquaculture.2012.08.035
https://doi.org/10.1177/0192623311408622
https://doi.org/10.1038/s41598-020-60325-7
https://doi.org/10.1007/s10695-016-0197-3
https://doi.org/10.1002/14651858.CD012351.pub2
https://doi.org/10.1177/0300985813485099
https://doi.org/10.1016/j.fsi.2012.11.031
https://doi.org/10.1016/j.fsi.2020.02.022~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Planning and Reporting of the Histomorphometry Used to Assess the Intestinal Health in Fish Nutrition Research—Suggestions to Increase Comparability of the Studies
	Introduction
	Collection of Appropriate Tissue Samples—When, Where, How
	Preparation of Tissue Sections for the Evaluation
	Planning a Semiquantitative or a Quantitative Assessment
	Selection of Appropriate Histomorphometric Indices
	How Relevant Are the Indices and When Do the Values/Scores Become Meaningful?
	Can the Indices Be Used Separately or a Sum/Average Score Is More Relevant?
	Should These Indices Be Measured at the End of the Trial or at Different Time Points to Provide a Meaningful Picture?

	Author Contributions
	References


