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INTRODUCTION
Coronavirus disease 2019 (COVID-19) caused by a severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
is a highly transmission infection disease which has made 
a global impact due to its ability to spread rapidly, and its 
relatively high morbidity and mortality rate [1]. Along 
with the respiratory system, the gastrointestinal tract is 
one of the main extra-pulmonary targets of SARS-CoV-2 
[2]. Numerous gastrointestinal tract symptoms (anorexia, 
diarrhea, nausea/vomiting, abdominal pain/discomfort и 
т.д.) have been reported in the literature in patients with 
COVID-19, with the incidence of these symptoms ranging 
widely from 2% to 79.1% [3, 4]. Mechanisms of gastroin-
testinal tract damage in COVID-19 are still questionable. 

Some scientists have explained the COVID-19-related gas-
trointestinal tract injury by drug-induced injury, systemic 
inflammatory reaction, hypoxia–ischemia reperfusion 
injury. However, according to many scientists, a key link 
in the mechanism of damage of the gastrointestinal tract in 
COVID-19 is presence of angiotensin-converting enzyme 
2 (ACE2) in mucosa, due to which the virus enters the host 
cell [5]. The downregulation of ACE2 leads to gastrointes-
tinal dysfunction [6].

Gastrointestinal dysfunction is often diagnosed in pa-
tients in post-COVID-19 period [7]. Such patients experi-
enced loss of appetite, nausea, weight loss, abdominal pain, 
heartburn, dysphagia, altered bowel motility and irritable 
bowel syndrome [8]. The mechanism of these violations 
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ABSTRACT
The aim: To reveal the morphological and functional features of the mucous membrane of small and large intestine in patients with COVID-19 and in post-COVID-19 period.
Materials and methods: In the present study, the authors used biopsy and autopsy material represented by the fragments of the mucous membrane of small and large 
intestine. All studied material was divided into 10 groups. Group 1 (comparison group) included autopsy material from the deceased who did not have COVID-19 during their 
lifetime. Groups 2-4 included autopsy material from the deceased who had COVID-19 of varying severity during their lifetime. Groups 5-7 included biopsy material from patients 
who had recovered from COVID-19 of varying severity, while the duration of the post-COVID period ranged from 1 to 50 days. Groups 8-10 included biopsy material from patients 
who had in anamnesis COVID-19 of varying severity (the duration of the post-COVID period lasted from 51 to 100 days). Histological, immunohistochemical, morphometric and 
statistical research methods were used.
 Results:  The comparative analysis showed a more expressed deficiency of ACE2 in the mucous membrane of small and large intestine in patients with moderate and severe 
COVID-19 compared with patients in post-COVID-19 period of different duration. In patients who had moderate and severe COVID-19 in anamnesis, ACE2 deficiency decreases 
with increasing duration of post-COVID-19 period. In patients recovered from mild COVID-19, the ACE2 content increases with the duration of post-COVID-19 period from 1 to 
50 days and corresponds to the norm with the duration of this period from 51 to 100 days.
Conclusions: The comprehensive morphological study conducted by the authors made it possible, firstly, to clarify the morphological and functional features of the mucous 
membrane of small and large intestine in patients with COVID-19 of various degrees of severity; secondly, to obtain new data about the morpho-functional state of the mucous 
membrane of small and large intestine in patients, taking into account different duration of the post-COVID-19 period and the severity of the infection.

  KEY WORDS: morphological and functional features, mucous membrane, small and large intestine, COVID-19, post-COVID-19 period
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development is not completely understood today. Some 
scientists suggest that gut microbiome dysbiosis may play 
a key role in the development of post-COVID-19 gastro-
intestinal tract symptoms [9].

Literature data about the morphological and functional 
features of the mucous membrane of small and large in-
testine in patients with COVID-19 are not systematized 
and do not take into account the severity of this infection. 
There is no information in the literature about the mor-
phological features of the mucous membrane of small 
and large intestine in patients in post-COVID-19 period, 
taking into account the severity of the infection, as well as 
the duration of post-COVID-19 period itself. These facts 
dictate the need and emphasize the relevance of this study.

THE AIM 
The purpose is to reveal the morphological and functional 
features of the mucous membrane of small and large intes-
tine in patients with COVID-19 and in post-COVID-19 
period.

MATERIALS AND METHODS
In the present study, the authors used biopsy and autopsy 
material represented by the fragments of the mucous 
membrane of small and large intestine. All studied material 
was divided into 10 groups. Group 1 (comparison group) 
included autopsy material from the deceased who did not 
have COVID-19 during their lifetime. Groups 2-4 included 
autopsy material from the deceased who had COVID-19 
of varying severity during their lifetime. Groups 5-7 in-
cluded biopsy material from patients who had recovered 
from COVID-19 of varying severity, while the duration of 

the post-COVID period ranged from 1 to 50 days. Groups 
8-10 included biopsy material from patients who had in 
anamnesis COVID-19 of varying severity (the duration 
of the post-COVID period lasted from 51 to 100 days). 
Table I gives a detailed description of the formed groups.

Autopsy and biopsy material was fixed in a 10% solution 
of neutral buffered formalin according to the generally 
accepted technique and embedded in paraffin. Serial 
sections of 3-4 µm thick were made from paraffin blocks. 
The authors studied the slides stained with hematoxylin 
and eosin using an Olympus BX-41 microscope (Japan).

Immunohistochemical study was performed according 
to a standardized protocol using a monoclonal antibody 
(MCA) against ACE2 (anti-ACE2, clone 4G5.1, Sigma-Al-
drich MABN59, replaces MAB5676; EMD Millipore 
Corporation, USA). The UltraVision Quanto HRP detec-
tion system (Thermo Fisher Scientific, USA) visualized 
primary antibodies. The immunohistochemical reaction 
was evaluated by applying the brightness factor in the Lab 
color model, using a computer program «Analysis of color 
properties of raster images» developed by Myroshnychenko 
M.S. et al. [10].

The obtained digital data were statistically processed, 
using the Statistica 10.0 program. The average indicators 
in the groups were compared, using the nonparametric 
Mann-Whitney U test. Differences were considered sig-
nificant at p<0.05.

RESULTS
When studying the slides stained with hematoxylin and 
eosin in groups 2-4 in the mucous membrane of small 
and large intestine, the authors identified the same general 
pathological processes, the severity of which increased in 

Table I. Division of the studied material into groups 
Group  

number Group characteristics Number  
of cases 

1 Autopsy material from the deceased who did not suffer from COVID-19 during their lifetime 10

2 Autopsy material from the deceased, who suffered from mild COVID-19 during their lifetime 12

3 Autopsy material from the deceased who suffered from moderate COVID-19 during their lifetime 11

4 Autopsy material from the deceased who suffered from severe COVID-19 during their lifetime 13

5 Biopsy material from patients who had mild COVID-19  
(duration of the post-COVID period lasted from 1 to 50 days) 11

6 Biopsy material from patients who had moderate COVID-19  
(the duration of the post-COVID period lasted from 1 to 50 days) 13

7 Biopsy material from patients who had severe COVID-19  
(the duration of the post-COVID period lasted from 1 to 50 days) 12

8 Biopsy material from patients who had mild COVID-19  
(the duration of the post-COVID period lasted from 51 to 100 days) 10

9 Biopsy material from patients who had moderate COVID-19  
(the duration of the post-COVID period lasted from 51 to 100 days) 12

10 Biopsy material from patients who had severe COVID-19  
(the duration of the post-COVID period lasted from 51 to 100 days) 9

Total number of cases 113
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the direction from group 2 to group 4. These general patho-
logical processes were characterized by diffuse dystrophic, 
necrotic and desquamative changes in the surface epithe-
lium and epithelium of the intestinal glands; formation 
of acute erosions and ulcers; hemodynamic disturbances 
represented by edema, hemorrhages, vascular plethora, 
sludge phenomenon and thrombus formation; presence in 
the epithelial layer, proper and muscular layers of the mu-
cous membrane of diffuse polymorphocellular infiltration, 
including lymphocytes, macrophages, plasma cells, mast 
cells, neutrophilic and eosinophilic leukocytes (Fig. 1).

 In groups 5-7 we detected general pathological process-
es in the mucous membrane of small and large intestine of 
the same type, less expressed and similar to groups 2-4, the 
intensity of which increased in the direction from group 5 

to group 7. Alterative-desquamative changes in the surface 
epithelium and epithelium of the intestinal glands were not 
determined in group 5, while in groups 6, 7 they were dif-
fuse and, respectively, moderately and extremely expressed 
(Fig. 2). Erosive and ulcerative changes were found only 
in group 7. Signs of circulatory disorders, characterized 
by edematous changes, hemorrhages, vascular plethora, 

Fig.  1. Group  4. Diffuse extremely expressed alterative-desquamative 
changes of the epithelium, polymorphocellular inflammatory infiltration, 
hemodynamic disturbances in the mucous membrane of the colon. Stained 
with hematoxylin and eosin, ×200.

Fig.  2. Group  6. Diffuse moderately expressed alterative-desquamative 
changes in the surface epithelium and epithelium of the intestinal glands, 
diffuse moderately expressed polymorphocellular infiltration, moderately 
expressed hemodynamic disturbances in the mucous membrane of the 
colon. Stained with hematoxylin and eosin, ×200.

Fig. 3. Group 4. Expression of ACE2 by damaged and undamaged surface 
epitheliocytes of the small intestine mucosa. Immunohistochemical reac-
tion with MCA against ACE2, ×200.

Fig. 4. Values of the brightness factor in small intestine in groups 1-10.

Fig. 5. Values of the brightness factor in large intestine in groups 1-10.
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sludge phenomenon and thrombus formation in the lumen 
of blood vessels in groups 5, 6 and 7 were, respectively, 
minimally, moderately and extremely expressed. Diffuse 
polymorphic cell infiltration was also detected in the 
mucous membrane which had similar qualitative char-
acteristics to groups 2-4 and was, respectively, minimally, 
moderately, extremely expressed in groups 5, 6 and 7.

When studying the slides of groups 8-10, we noted 
that in group 8 the morphological picture of the mucous 
membrane of the small and large intestine corresponded 
to group 1. However, in groups 9 and 10, the same type of 
various general pathological processes was detected in the 
mucous membrane of small and large intestine.

The latter was less expressed compared with groups 6, 
7, characterized by focal alterative-desquamative changes 
in the surface epithelium and epithelium of the intestinal 
glands in group 10; single acute erosions in group 10; min-
imally and moderately expressed hemodynamic disorders 
in groups 9 and 10, represented by edema, vascular conges-
tion and sludge phenomenon. Diffuse polymorphic cellular 
infiltration in the mucosa in groups 9-10 was, respectively, 
minimally and moderately expressed and its composition 
was similar to groups 6-7.

In groups 1-10, positive expression of ACE2 in the form 
of brown staining was noted predominantly on the apical 
surface of the superficial epithelium of the small and large 
intestine mucosa (Fig.  3). The results of the brightness 
factor measurement are shown in Figures 4 and 5.

In a comparative analysis of the brightness factor in 
small and large intestine in groups 1-10, we noted a lower 
(p<0.05) value of this indicator in small intestine compared 
to the large intestine. This fact indicated a higher content of 
ACE2 in the small intestine compared to the large intestine.

In groups 2-4, the brightness factor in small and large 
intestine was greater (p<0.05) compared to group 1, 
indicating a decrease (p<0.05) in the content of ACE2 
in the surface epithelium of the mucosa. The brightness 
factor in the direction from group 2 to group 4 increased 
(p<0.05), which also indicated a decrease in the content 
of this enzyme.

The brightness factor in group 5 decreased compared 
to group 1 (p<0.05), indicating an increase in the content 
of ACE2 in the mucous membrane of small and large 
intestine. However, in groups 6 and 7, the content of this 
enzyme decreased, as evidenced by an increase (p<0.05) in 
the value of this indicator. In the direction from group 5 to 
group 7, the brightness factor increased (p<0.05).

Comparing the brightness factor in groups 8-10 with 
group 1, there was no (p>0.05) difference in group 8 and 
its increase (p<0.05) in groups 9 and 10. In the direction 
from group 8 to group 10, the brightness factor increased 
(p<0.05).

The brightness factor in group 2 compared to groups 5 
and 8, in group 3 compared to groups 6 and 9, in group 4 
compared to groups 7 and 10 had a higher value (p<0.05). 
The brightness factor in group 5 compared to group 8 had 
a lower value (p<0.05), while in group 6 compared to group 
9, in group 7 compared to group 10 was higher (p<0.05).

DISCUSSION
The functions of intestinal mucosa include digestion, ab-
sorption, excretion and protection [11]. Intestinal mucosa 
dysfunctions have been associated with a broad range of 
diseases [12].

During the survey microscopy of the slides in the mucous 
membrane of small and large intestine of patients with 
COVID-19, we revealed the same type of morphological 
changes. Their intensity grew with an increase in the in-
fection severity. These changes were characterized by alter-
ation and desquamation of the epithelial layer, erosive and 
ulcerative processes, hemodynamic disorders and presence 
of diffuse inflammatory polymorphocellular infiltration. 
The morphological changes in the mucosa of small and 
large intestine of patients with COVID-19, identified by 
the authors, coincide with the data of other scientists who 
interpret these changes as ischemic enterocolitis [13-15].

The morphological state of the mucous membrane of small 
and large intestine in patients in post-COVID-19 period, 
as shown by the study conducted by the authors, was of the 
same type and depended on the duration of this period.

Minimally expressed hemodynamic disturbances and 
diffuse polymorphocellular inflammatory infiltration were 
found in the mucous membrane of small and large intes-
tine in cases where the duration of the post-COVID-19 
period ranged from 1 to 50 days in patients who had 
mild COVID-19. In cases when patients suffered from 
COVID-19 of moderate severity, we discovered moder-
ately expressed diffuse alterative-desquamative changes 
in the epithelial layer, signs of circulatory disorders and 
diffuse polymorphic cell infiltration in the mucosa. In 
cases of severe COVID-19, there were expressed alter-
ative-desquamative changes in the epithelium, erosive and 
ulcerative processes, severe hemodynamic disturbances 
and diffuse polymorphocellular infiltration in the mucosa. 
A comparative analysis conducted by the authors showed 
that in this category of patients, the severity of general 
pathological processes in the mucous membrane of small 
and large intestine intensified with increasing severity of 
COVID-19 in anamnesis.

In cases when the duration of the post-COVID-19 period 
lasted from 51 to 100 days in persons who underwent mild 
COVID-19, the mucous membrane of small and large intes-
tine completely restored and its morphological picture was 
normal. In cases when patients suffered from COVID-19 
of moderate severity, minimally expressed hemodynamic 
disturbances and diffuse inflammatory polymorphocellular 
infiltration were determined in the mucosa. In cases when 
patients suffered a severe COVID-19, we determined focal 
alterative-desquamative changes in the epithelium, single 
acute erosions, moderate hemodynamic disturbances, and 
diffuse inflammatory polymorphocellular infiltration in the 
mucosa. A comparative analysis showed, as in the previous 
post-COVID-19 period, increasing severity of general 
pathological processes in the mucosa with intensifying 
severity of COVID-19 in anamnesis.

Histological analysis of the mucous membrane of small 
and large intestine in patients with COVID-19 and in 
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post-COVID-19 period revealed, firstly, more expressed 
general pathological processes in patients with COVID-19 
compared to those in post-COVID-19 period, and second-
ly, a decreasing severity of general pathological processes 
with longer duration of the post-COVID-19 period. Only 
patients with mild COVID-19 in anamnesis had completely 
recovered mucous membrane of small and large intestine 
when the post-COVID-19 period lasted from 51 to 100 
days, as indicated above.

From the authors’ point of view, changes in the mor-
phology of the mucous membrane of small and large in-
testine in patients with COVID-19 and in post-COVID-19 
period are caused by the receptor-mediated penetration 
of SARS-CoV-2 into the intestinal mucosa, followed by 
the induction of alterative changes in epithelial layer by 
this pathogen, inflammatory process, hemodynamic and 
trophic disorders.

ACE2 is known as an important regulator of small and 
large intestine homeostasis. Interestingly, this enzyme is 
more expressed in the gastrointestinal tract than in the 
respiratory system [16]. Damage of ACE2 leads to dis-
ruption of the morphofunctional state of the intestine, 
which is, among other things, the cause of inflammatory 
changes in it [17].

In our study in the comparison group, in patients with 
COVID-19 and in post-COVID-19 period, ACE2 ex-
pression was detected mainly on the apical surface of the 
surface epithelium of small and large intestine mucosa. 
This was more expressed in the small intestine compared 
to the large intestine, which is consistent with the literature 
data [18].

SARS-CoV-2 penetrates into the human body cells 
that have ACE2 receptors on the surface [19]. Our study 
and literature data [20] showed damage of this enzyme 
in COVID-19, characterized by a decrease in its amount 
and its activity. In this study, the authors found that the 
decrease in ACE2 content in the mucous membrane of 
small and large intestine increased with growing severity 
of COVID-19.

In cases of mild COVID-19 in anamnesis, when the du-
ration of post-COVID-19 period lasted from 1 to 50 days, 
there was an increase in the content of ACE2 which, from 
our point of view, was of a compensatory nature. In per-
sons who recovered from moderate and, especially, severe 
COVID-19, the authors found a deficiency of this enzyme.

In cases where the duration of post-COVID-19 period 
lasted from 51 to 100 days, the content of this enzyme cor-
responded to the norm in people who had mild COVID-19. 
However, in cases of moderate and, especially, severe 
COVID-19, we found a decreasing content of this enzyme.

The comparative analysis conducted by the authors 
showed that ACE2 deficiency was more pronounced in 
patients with COVID-19 of moderate and severe severity 
compared with patients in post-COVID-19 period of vari-
ous durations who had this infection of similar severity. In 
patients who underwent moderate and severe COVID-19, 
ACE2 deficiency decreased with an increase in the duration 
of post-COVID-19 period. In patients who recovered from 

mild COVID-19, the ACE2 content was elevated in cases of 
the duration of post-COVID-19 period from 1 to 50 days, 
and it corresponded to the norm in cases of the duration 
of this period from 51 to 100 days.

Thus, the comprehensive morphological study con-
ducted by the authors made it possible, firstly, to clarify 
the morphological and functional features of the mucous 
membrane of small and large intestine in patients with 
COVID-19 of various degrees of severity; secondly, to 
obtain new data about the morpho-functional state of 
the mucous membrane of small and large intestine in 
patients, taking into account different duration of the 
post-COVID-19 period and the severity of the infection.

CONCLUSIONS
1.  The mucous membrane of small and large intestine in 

patients with COVID-19 is characterized by a decrease 
in the content of ACE2, alterative-desquamative changes 
in the epithelial layer, formation of acute erosions and 
ulcers, hemodynamic disorders and presence of diffuse 
inflammatory polymorphocellular infiltration. The 
changes noted by the authors in the mucosa of small 
and large intestine increase with growing severity of 
COVID-19.

2.  In cases of post-COVID-19 period duration from 1 to 
50 days in patients who recovered from mild infection, 
an increase in the content of ACE2, minimally expressed 
hemodynamic disturbances and diffuse polymorphocel-
lular inflammatory infiltration are found in the mucous 
membrane of small and large intestine. In cases of a 
moderate severity infection in the mucosa the authors 
determine a decreasing content of ACE2, moderately 
expressed diffuse alterative-desquamative changes in 
the epithelial layer, signs of circulatory disorders and 
diffuse polymorphic cell infiltration. In cases of severe 
COVID-19 in the mucous membrane there is ACE2 
deficiency, extremely expressed alterative-desquamative 
changes in the epithelium, hemodynamic disturbances 
and diffuse polymorphocellular infiltration, erosive and 
ulcerative processes.

3.  In the duration of post-COVID-19 period from 51 to 
100 days in people who have had a mild infection, the 
mucous membrane of small and large intestine is com-
pletely restored and corresponds to the norm. In cases 
where patients have had COVID-19 of moderate sever-
ity, a decreasing content of ACE2, minimally expressed 
hemodynamic disturbances, and diffuse inflammatory 
polymorphocellular infiltration are determined in the 
mucosa. In cases of severe infection, the mucosa is 
characterized by ACE2 deficiency, presence of focal 
alterative-desquamative changes in the epithelium, 
single acute erosions, moderate hemodynamic distur-
bances, and diffuse inflammatory polymorphocellular 
infiltration.

4.  Analyzing the survey microscopy of the mucous 
membrane of small and large intestine in patients with 
COVID-19 and in post-COVID-19 period, the authors 
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were able to identify, firstly, more expressed general 
pathological processes in patients with COVID-19 
compared with persons in post-COVID-19 period; and, 
secondly, a decreasing severity of general pathological 
processes with the increasing duration of the post-
COVID-19 period.

5.  The comparative analysis showed a more expressed 
deficiency of ACE2 in the mucous membrane of small 
and large intestine in patients with moderate and severe 
COVID-19 compared with patients in post-COVID-19 
period of different duration. In patients who had moder-
ate and severe COVID-19 in anamnesis, ACE2 deficien-
cy decreases with increasing duration of post-COVID-19 
period. In patients recovered from mild COVID-19, 
the ACE2 content increases with the duration of post-
COVID-19 period from 1 to 50 days and corresponds 
to the norm with the duration of this period from 51 
to 100 days.
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