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Abstract

Background: The genus Entamoeba has many species that are invasive or non-invasive (E. histolytica, E. dispar, and
E. moshkovskii).The invasive E. histolytica is the main pathogenic amoeba in human. Amoebiasis involves several
stages starting with the adherence of the parasite to the intestinal epithelium, followed by degradation, tissue
invasion, and distribution to other organs.

Results: The current study investigates the pathological changes of Entamoeba spp. infection in both rectum
and cecum of experimental rats. The results showed the histological changes at the 7th, 14th, and 28th day
post-infection for the three species. E. histolytica and E. moshkovskii infection showed less pathological changes
compared to E. histolytica. These changes include the attachment of the trophozoites to the mucosal layer,
significant surface epithelial changes such as dissociation and degeneration in the mucosal layer, and ulceration
of the apical surface. Inflammatory cells infiltrate the varied regions, extending into the deep mucosa causing mild
architectural alterations. These are features of amoebiasis.

Conclusion: The pathological changes reported in E. dispar and E. moshkovskii were less severe than E. histolytica.
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Introduction
Amoebiasis is a gastrointestinal infection caused by a
number of Entamoeba spp., and E. histolytica is the
main species to cause the pathological symptoms of this
disease. It is widely spread, causing mortality and mor-
bidity across the world through diarrhea. E. histolytica
has the ability to invade the intestinal mucosa and form
abscess in parenchymal tissues such as the liver, lungs,
and brain. Furthermore, other Entamoeba spp. may
cause human infection including E. dispar and E. mosh-
kovskii (Roure et al. 2019).
All the three species are morphologically alike and

colonized in the human intestine. Recently E. dispar has
been identified as a non-invasive species (Uslu et al. 2016);
however, it has a big effect on the epidemiology of
amoebiasis. Moreover, it has asymptomatic infection
worldwide (Al-Areeqi et al. 2017). E. moshkovskii, like E.
dispar, has a genetic relationship with E. histolytica. It

spreads normally in different environments and might
cause human infection (Khomkhum et al. 2019), and
it was diagnosed in fecal samples of patients with
gastrointestinal symptoms in Australia, Bangladesh,
India, Iran, Tanzania, and Turkey, suggesting that E.
moshkovskii act as a causative agent of amoebiasis
(Shimokawa et al. 2012).
The pathogenesis of E. histolytica is caused by several

virulence factors found in the trophozoite stage, which
can invade the intestinal mucosa and spread through the
bloodstream. It may also cause extraintestinal lesions,
mainly in the liver. One of these virulence factors is the
cysteine proteinase, which plays a crucial role in tissue
invasion of E. histolytica (Rangel-Castañeda et al. 2019).
Secondly, the amoebapores, small peptides which form
pores in the cell membranes of the target cells and cause
a big outflow of extracellular Ca+2, which is linked to the
release of amoebic proteases at the contact location. Fur-
thermore, the degeneration of substrates and inflamma-
tory response can occur during E. histolytica infection,
the parasite has the ability to resist immune response by
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the degradation of complement component (Saha et al.
2015). At the beginning of the parasite infection, a flask-
shaped ulceration is formed as a result of several cyst-
eine protease expressions, causing the degradation of the
extracellular matrix (Shirley et al. 2018). Due to the re-
lated work of cysteine proteases and amoebapores, the
cell will be detached and absorption in the surface of the
intestine will be reduced. Generally, cysteine proteases
have many targets including mucin, extracellular matrix
(ECM) components, tight junction proteins, immunoglo-
bulin's, complement, and cytokines. After destroying
these components, the cell debris will be phagocytized
by the amoeba (Cornick et al. 2016).
Amoebiasis has intestinal and extraintestinal manifes-

tations. The invasive intestinal amoebiasis have four
forms, and all of them are acute, including bloody diar-
rhea, colitis, amebic appendicitis, and ameboma of the
colon. The invasive amoebiasis counts for 90% of the
dysenteric symptoms (Debnath et al. 2019).
Colorectal amoebiasis can have different clinical mani-

festations, ranging from asymptomatic to severe necro-
tizing colitis. For this reason, an accurate diagnosis is
needed, such as rectal biopsy which may reveal the pres-
ence of the parasite and eliminate the possibility of a
carcinoma (Hardin et al. 2007). E. moshkovskii is recently
recorded as a pathogenic species. The sources of this
species varies from the sewage, river, lake freshwater,
brackish water, and samples of human feces (Lopez et al.
2015). They may have different pathological changes in
the intestine. The aim of the current study is to investi-
gate and compare different histological changes in the
intestine during the infection of E. histolytica, E. dispar,
and E. moshkovskii using rats Rattus norvegicus as an
animal model for amoebiasis.

Materials and methods
Forty male experimental rats Rattus norvegicus were
used, aged 8–10 weeks and weighing 110–120 g. They
are divided into four groups. Each group was introduced
with the pathogenic species through injection, oral
inoculation (104 cyst/ml) and intra rectal (100 trophozo-
ites/ml). Animals were killed after 7, 14, and 28 days of
infection. Parts of the large intestine (cecum and
rectum) were taken for histological study. Histological
preparation for light microscope was performed accord-
ing to Drury et al. (Drury et al. 1967).

Results
Histological study
The histological changes in experimental rat cecum and
rectum for the three Entamoeba. spp. are illustrated as
follow:

Histological changes in E. histolytica experimental infection

Cecum Cecum sections from large intestines of control
rats showed that the smooth surface of the mucosal layer
has shallow plicae but no villi. This layer is composed of
two types of cells that can be distinguished from each
other, the absorptive cells and the mucous cells. In
addition, simple tubular (crypts of Lieberkuhn) intestinal
glands are also present. The submucosa consists of loose
connective tissues with blood vessels. The tunica muscu-
laris is composed of strands of (smooth) muscle fibers
extending upward. These layers surrounding the lumen
are filled with fecal materials (Fig. 1).
Histological analysis of cecum sections of rats infected

with amoebiasis — E. histolytica at 7 days post-infection
showed trophozoites attached to the surface of the epi-
thelial layer, causing destruction of mucosa, degener-
ation of the interglandular epithelium, and hyperplasia
in other crypts at variable regions of cecum. Further-
more, infiltration of inflammatory cells within the lamina
propria was noticed (Plate 1).
The development of lesions at 14 days post-infection

showed the destruction of the mucosa, cytolysis of the
apical portion, and degradation of the epithelium lining
of the crypts, as well as infiltration of inflammatory cells
in the base of the crypts (Plate 2A). The results clarified
the changes of infected cecum at 28 days post-infection
with E. histolytica and revealed that dilation of inter-
glandular epithelium can be seen, inflammation in vari-
able regions, and formation of granulomas. Also, edema
in the submucosal layer as well as thickening of the wall
of muscularis externa can be seen (Plate 2B).

Rectum Rectum sections of the control rats showed the
lining of mucosa by simple columnar epithelium. The

Fig. 1 Cecum section of control rat (normal structure).showing the
mucosa surface (M), straight crypts (S), submucosa (SM), with blood
vessels (B), and muscularis externa (ME). H&E ,×98
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intestinal glands are longer and filled with goblet cells.
These glands extend from the surface to the muscularis
mucosa. The longitudinal folds contains a core of sub-
mucosa covered by the mucosa. The submucosa consists
of loose connective tissues which are highly vascular. The

muscularis externa has a smooth inner circular muscular
layer and outer longitudinal muscular layer (Plate 3)
Microscopic photography showing the histological

changes of infected rectum at 7, 14, and 28 days post-
infection revealed the attachment of the trophozoites to

Plate 1 Histological changes in the cecum of rats infected with E. histolytica 7 days post-infection. A Showed the trophozoite (T) attached to the
surface epithelial layer. H&E stain, ×948. B Showed destruction of epithelial layer (D) and hyperplasia of crypts (C). H&E stain, ×40. C Showed
destruction of mucosa (M), degeneration of interglandular epithelium (D), heavy infiltration of inflammatory cells within lamina propria (F) H&E
stain, ×379.

Plate 2 Histological changes in the cecum of rats infected with E. histolytica. A Transverse section of infected rat with E. histolytica 14 days post-
infection. Showed cytolysis of the apical portion of crypts (C), degradation of the epithelium lining of the crypts (D), and infiltration of
inflammatory cells (F). H&E stain, ×379. B Transverse section of infected rat with E. histolytica 28 days post-infection. Showed aggregation of
inflammatory cells (A) as granuloma, inflammatory cells near the muscularis mucosa (F), dilated intestinal crypts (C), edematous submucosa (SM),
necrotic material (N), and thick muscularis externa wall (ME). H&E stain, × 379.
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the mucosal layer. Furthermore, thick mucosa was
lined by simple columnar epithelium, the presence of
branch intestinal hyperplasia of crypts and heavy infil-
tration of inflammatory cells were obvious at 7 days
post-infection (Plate 4).

At 14 days post-infection, the degeneration of the sub-
mucosa and crypts and the thickening wall of muscularis
externa can be seen (Plate 5A). The findings of the in-
fected rat's rectum at 28 days post-infection showed the
mucosa with ulceration of the apical surface as well as
lining of crypts along abundant goblet cells. Other
changes including edematous submucosa can also be
seen (Plate 5B).

Histological changes in E. dispar experimental infection

Cecum Histological changes found in sections of the
cecum associated with E. dispar 7 days post-infection
showed mild changes in the mucosal layer architecture
represented by flat surfaces, in addition to elongated
crypts that lined with high number of goblet cells. More-
over, infiltration of inflammatory cells distributed within
the lamina propria can be seen (Plate 6A). Two weeks
post-infection, this period also showed a lymph nodule
with active germinal center as well as heavy infiltration
of inflammatory cells (Plate 6B). Light microscopic ob-
servations on cecum sections from infected rats with E.
dispar at 28 days post-infection revealed unclear muco-
sal layer and deep crypts with mild degeneration of some

Plate 3 Transverse rectum section of control rat (normal structure).
Showed the longitudinal, deep crypts(de), goblet cells (G),
muscularis mucosa (MM), blood vessels in submucosa (B). H&E
stain ×379

Plate 4 Histological changes in the rectum of rats infected with E. histolytica 7 days post-infection. A Showed the attachment of trophozoite (T)
at the surface mucosa (M). H&E stain, ×948. B Showed the mucosa as folds (M), hyperplasia of crypts (H), and branched intestinal crypts (B). H&E
stain × 98. C Showed thick mucosa lined by simple columnar epithelium (M), destruction of some crypts (C), infiltration of inflammatory cells (F).
H&E stain ×379
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crypt base. We can also see a regular muscular mucosa
and submucosa (Plate 6C).

Rectum Changes in the rectum tissue of infected rats at
7 days post-infection with E. dispar revealed the degen-
eration in the lamina propria mucosa. Furthermore,

there was infiltration with high number of inflammatory
cells that appeared crowded (Plate 7A). At 14 days post-
infection of E. dispar, there was degeneration in the mu-
cosal layer in addition to infiltration of inflammatory
cells in varied regions (Plate 7B). The findings in the rec-
tum of infected rats at 28 days post-infection showed

Plate 5 Histological changes in the rectum of rats infected with E. histolytica. A Rectum section of infected rat with E. histolytica 14 days post-
infection. Showed the degradation in the submucosa (SM) and in the crypts (C), thickening wall of muscularis externa (ME). H&E stain, ×98. B
Rectum section of infected rat with E. histolytica 28 days post-infection. Showed atrophied, contracted lumen (L), mucosa with ulceration of the
apical surface (U), goblet cell hyperplasia (G), edematous submucosa (SM). H&E stain ×379

Plate 6 Histological changes in the cecum of rats infected with E. dispar. A Flat surface in cecum section of infected rat with E. dispar 7 days
post-infection. Showed flat surface of mucosa (M), elongated crypts (C) lined with goblet cells (G), and infiltration of inflammatory cells (F). H&E
stain ×379. B Transverse cecum section of infected rat with E. dispar 14 days post-infection. Showed the crypts (G) extend downward and
penetrate the lymph nodule with active germinal center (N), heavy infiltration of inflammatory cells (F). H&E stain, ×379..C Transverse cecum
section of infected rat with E. dispar 28 days post-infection. Showed unclear mucosal layer (M), deep crypts (de), mild degeneration of some crypt
base (c), and regular muscular mucosa (MM) and submucosa (SM). H&E stain ×379
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degeneration in the mucosal layer and elongation of
crypts lined with an increased number of goblet cells, in
addition to inflammatory cells diffused within lamina
propria around the crypts (Plate 7C).

Histological changes in E. moshkovskii experimental
infection

Cecum The histological observations in the cecum of
infected rats with E. moshkovskii at 7 days post-
infection showed dissociation and degeneration in the
mucosal layer and heavy infiltration of inflammatory
cells (Plate 8A). Figures on sections from cecum re-
lated to infected rats with E. moshkovskii at 14 days
post-infection showed moderate alteration including
disorganized mucosa and mild inflammatory cells
(Plate 8B). Observation of light microscopy on cecum
sections from infected rats with E. moshkovskii at 28
days post-infection showed the presence of lympho-
cytes aggregating and forming what is known as the
gut-associated lymphoid tissue (GALT) within the
submucosa. Also, heavy infiltration of inflammatory
cells in the lamina propria with dilated blood vessels
can be noticed (Plate 8C).

Rectum Findings from rectal histological sections of in-
fected rats with E. moshkovskii at 7 days post-infection
clarified heavy inflammatory cells on the mucosal layer,
dilated blood vessel, and edema in the submucosa as
well as, debris and amorphous material in the lumen
(Plate 9A). Moderate changes in rectum structure were
observed at 14 days post-infection with E. moshkovs-
kii; the crypts were lined by a large number goblet
cells, in addition to the presence of focal inflamma-
tion (Plate 9B). The results 28 days post-infection
showed that the lymph nodule in the submucosa ex-
tended to lamina propria. Inflammatory cell aggrega-
tion can also be seen (Plate 9C).

Discussion
Histological study
As it is known, amoebiasis can be intestinal or extrain-
testinal. In cases of intestinal amoebiasis the symptoms
ranged from asymptomatic cases to acute colitis and
chronic colitis. Normally, less than 10% of patients have
symptoms and most of this 10% exhibit symptoms simi-
lar to chronic colitis (Ichikawa et al. 2016).
Sections of the intestinal tract, particularly the cecum

and rectum of the infected rats revealed the adhesion of
the Entamoeba sp. trophozoites to the surface of the

Plate 7 Histological changes in the rectum of rats infected with E. dispar. A Transverse rectum section of infected rat with E. dispar 7 days post-
infection. Showed degeneration in the lamina propria (LA) and heavy infiltration of inflammatory cells (F). H&E stain ×379. B Transverse rectum
section of infected rat with E. dispar 14 days post-infection. Showed degeneration in the mucosal layer (M) and mild infiltration of inflammatory
cells (F). H&E stain ×98. C Transverse rectum section of infected rat with E. dispar 28 days post-infection. Showed degenerated mucosal layer (M),
elongated crypts (C), goblet cell hyperplasia (G), and moderate inflammatory cells within lamina propria (F). H&E stain ×379
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intestine. The mechanism of this attachment can be ex-
plained by the filopodia which are cytoplasmic projec-
tions of the trophozoite. These filopodia will attach to
the substratum and cause cytolysis of the host cells
(Lushbaugh and Pittman 1979). The trophozoites' adhe-
sion stops the trophozoite from transforming in to a cyst
as it is known that free trophozoites that migrate to the
large intestine could transform in to a cyst via binary fis-
sion (Kantor et al. 2018).
Another pathological change caused by E. histolytica is

the degeneration of the epithelial layer and a heavy infil-
tration of inflammatory cells in to these layers. The rea-
son of this degeneration is the ability of trophozoites to
attach and lyse the epithelial layer of the intestine
through the Gal/GalNAc lectin. In addition, a certain
enzyme might be involved in increasing the risk of a
parasite's invasion, for example, sialidase which is N-
acetylgalactosamidase and it is essential for removing a
polysaccharide from mucin cells (Cornick and Chadee
2017). This removal allows the trophozoite to lyse the
protective mucous layer and gradually penetrate the
epithelial layer of the colon. The penetration will in-
crease the risk of parasitic metastasis to different organs
in the host body. Furthermore, different mechanisms

participate in the death of the epithelial layer cells. These
mechanisms involves the parasitic virulence factor such
as cysteine protease. The cysteine protease targets the
cells causing the lysis of these cells via apoptosis. In
addition to that, another virulence factor is involved,
which is amoebapore, a serine-rich E. histolytica protein
known to have such an effect (Quach et al. 2014).
As mentioned in our results, there was a formation of

ulcer. The invasive species of Entamoeba such as E. his-
tolytica causes colonic mucosal ulceration as trophozo-
ites eat their way through the mucosa. In rare cases of
long-stand infection, it causes masses that are ulcerative,
inflammatory, big, and similar to carcinomas. Focusing
on the pathological changes during Entamoeba spp. in-
fections, the amebic colitis is represented by the thick-
ness in the mucosa, in addition to inflamed and
edematous mucosa (Hardin et al. 2007).
Hyperplasia found in our result can be explained by

the degeneration of the epithelial layer. At the beginning
of the infection, a non-specific lesion can be formed as a
result of glandular hyperplasia and stromal edema (Espi-
nosa-Cantellano and Martínez-Palomo 2000). Normally,
the gastrointestinal mucosa has the ability to repair the
damage but when the integrity of the mucosa is

Plate 8 Histological changes in the cecum of rats infected with E. moshkovskii. A Transverse cecum section of infected rat with E. moshkovskii 7
days post-infection. Showed dissociation and degeneration in the mucosal layer(M) and heavy infiltration of inflammatory cells (F). H&E stain ×98.
B Transverse cecum section of infected rat with E. moshkovskii 14 days post-infection. Showed mild inflammation (F) dissociation and
degeneration in the mucosal layer (M). H&E stain ×98. C Transverse cecum section of infected rat with E. moshkovskii 28 days post-infection.
Showed gut-associated lymphoid tissue (GALT) within submucosa, heavy infiltration of inflammatory cells in the lamina propria (F), dilated blood
vessel (B), and lymphocytes (LY). H&E stain ×98
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damaged, the repairing process will rely on the epithelial
cells' ability to migrate and proliferate. Moreover, the ep-
ithelialization can occur to replace the mucosal defect. It
is important to maintain a balance between cell loss and
cell renewal as excessive cell loss might lead to atrophy
or ulceration. On the other hand, excessive proliferation
of the cells and long life span might lead to hyperplasia
(Jones et al. 1999).
The goblet cells in the intestine synthesize and secrete

mucin as a result of stimulation by a number of stimuli.
Our results showed hyperplasia in these goblet cells
which might be explained as adaptation of these cells to
mechanical stimulation or injuries caused by the para-
site. During its colonization, trophozoites bind to mucin
oligosaccharide and Gal/GalNAc lectin to penetrate the
mucosal layer. During this process, the amoeba degrade
the mucin barrier and eventually attach to the epithelial
cells (Nakada-Tsukui and Nozaki 2016).
The infiltration of inflammatory cell which formed in

the crypt of rats at 14 and 28 days post-infection is
already confirmed by other researchers as a result of
long-term infection (Ghosh et al. 2019). Parasite infec-
tion for a long time leads to intestinal layer invasion and
inflammation in case of no treatment. Another

pathological change that we saw in our study is edema
which results from inflammation that led to fluid exud-
ation. The exudation is caused by the high permeability
of blood vessels resulting in the leakage of blood fluid at
the site of infection (Zhen and Zhang 2019).
In the 28-day period, the symptoms were more severe.

The presence of the parasite in the intestinal layers will
increase the symptoms. The formation of granulomas
may be the result of the aggregation of immune cells
known as macrophages to prevent the parasite from
spreading (Espinosa-Cantellano and Martínez-Palomo
2000). The results showed the presence of the parasite
in the rectum, similar to Hardin et al.'s (Hardin et al.
2007), who studied the invasive species of amoeba and
the formation of ameboma rectal mass. The reason why
the rectum can be infected with Entamoeba spp. is that
it is considered to be a temporary storage site of feces,
in addition to the presence of fluid which allow the
trophozoite to attach to the surface of the epithelium
and invade the tissue (Ooi and Seow-Choen 2003).
Regarding E. dispar infection, our study showed less

pathological changes compared to E. histolytica due to
less virulence factors in former species. For example, E.
histolytica secretes approximately 10 to 1000 times more

Plate 9 Histological changes in the rectum of rats infected with E. moshkovskii. A Transverse rectum section of infected rat with E. moshkovskii 7
days post-infection. Showed dilated blood vessel (B) of submucosa, edema in submucosa (SM), and heavy infiltration of inflammatory cells (F).
H&E stain ×379. B Transverse rectum section of infected rat with E. moshkovskii 14 days post-infection. Showed focal inflammation (F), deep
crypts (de), and goblet cell hyperplasia (G). H&E stain ×379. C Transverse rectum section of infected rat with E. moshkovskii 28 days post-infection.
Showed lymph nodule in submucosa extending to lamina propria (LN) and aggregation inflammatory cells (F). H&E stain ×379
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cysteine proteases than E. dispar. Moreover, the amoe-
bapore secretion is approximately 1/3 of that secreted by
the E. histolytica. Finally, E.dispar showed a reduced rate
of adhesion and cytotoxicity than E. histolytica (Oliveira
et al. 2015). Lack of granuloma in our results are similar
to other researchers. For instance, Espinosa-Cantellano
et al. (Espinosa-Cantellano et al. 2007) who infected
hamsters with E. dispar via intra hepatic route found
that it formed a focal inflammatory cell to infiltrate with
no granuloma which might be the result from the incap-
ability of E. dispar to establish experimental lesion be-
cause it is considered to be a commensal parasite.
Another study (Dolabella et al. 2012) reported the estab-
lishment of amoebic liver abscess by E. dispar.
Regarding E. moshkovskii, which is originally classified

as a free-living protozoan found in anoxic sediments and
environments such as brackish coastal pools, are found
to infect humans in some cases (Shimokawa et al. 2012).
In animal model, special murine model E. moshkovskii
caused diarrhea, weight loss. and colitis. In Bangladesh,
cases showed the association between E. moshkovskii in-
fection and diarrhea in children were similar to E. histo-
lytica (Hamano et al. 2006).The experimental infection
of E. moshkovskii was reported in the ceca of C3H/Hen,
C3H/Haj, and CBA/J mice, but not C57BL/6 or BALB/c
mice, while E. dispar failed to infect any experimental
mice. The ability of E. moshkovskii and E. histolytica to
infect murine model is due to shared virulence factors
which are not found in E. dispar. This joint feature of E.
moshkovskii and E. histolytica leads to similar symptoms
including diarrhea and blood stool (Mojarad et al. 2010).

Conclusion
E. dispar and E. moshkovskii were found to be patho-
genic species in experimental rats and their presence
were associated with diarrhea. These species showed
varied histological changes in rats' intestine. However,
the histological changes in E. histolytica were more se-
vere. This study helped confirm and further understand
the pathogenesis of both E. dispar and E. moshkovskii.

Abbreviations
ECM: Extracellular matrix; Gal/GalNAc lectin: Galactose/N-acetylgalactosamine
lectin
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