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Abstract. Ten patients with confirmed COVID-19 disease were studied. Nine patients required intensive care treatment,
among them four needed extracorporeal membrane oxygenation (ECMO). Contrast enhanced ultrasonography (CEUS) was
performed by one experienced investigator as a bolus injection of up to 2.4 ml of sulphur hexafluoride microbubbles via a
central venous catheter. B-Mode evaluation and strain elastography showed mural edema of the small bowel with a thickness
of up to 10 mm in all patients. We applied color coded Doppler sonography (CCDS) and power mode with flow-adapted
parameters and early, dynamic capillary arterial contrast enhancement of bowel wall structures <10s to assess perfusion
of the small bowel. In all patients, reactive hyperemia was seen in the entire small bowel. In a subgroup of seven patients
microbubbles translocated into the intestinal lumen. Thus, high-grade intestinal barrier disruption secondary to SARSCoV-2
infection can be postulated in these patients.

This is the first description of perfusion changes and a disruption of the small bowel epithelial barrier in COVID-19 Patients
using contrast ultrasonography and elastography.

1. Introduction

The COVID-19 pandemic is a challenge for our society on several levels: psychologically, phys-
ically, and economically. For healthcare professionals, the burden is particularly high. The clinical
manifestation from SARSCoV-2 infection known as COVID-19 disease may be asymptomatic or mild
but can lead to a severe form of COVID-19 disease with acute respiratory distress syndrome (ARDS)
and lethal multi-organ involvement [1].

With growing knowledge, SARSCoV-2 infection is being conceptualized as a systemic disease
[2, 3]. The current literature suggests that the SARSCoV-2 virus can affect different organ systems
and causes dysregulation of the gastrointestinal tract, liver, biliary tract and pancreas [4]. There is
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growing evidence that a significant number of patients exhibit abdominal symptoms [5, 6]. Adults as
well as up to 50% of children display gastrointestinal (GI) symptoms, which include nausea, anorexia,
vomiting, diarrhea, and abdominal pain [7]. GI symptoms might precede other symptoms or even be the
major manifestation of the disease and, thus, render diagnosis challenging [8, 9]. Pathophysiological
mechanisms of COVID-19 appear to involve vascular, immunological and prothrombotic factors.
Induction of a cytokine storm leads to endothelial damage and thrombosis, accompanied by remodeling
of the vascular tissue and resulting hypoperfusion [10-12].

In the work presented here, we investigate the impact of SARSCoV-2 infection on the small and
large bowel using state-of-the-art advanced ultrasound methods.

The performance of ultrasound examinations including contrast-enhanced sonography had been
determined by the attending physicians at the intensive care units (ICU) in cooperation with an inter-
disciplinary board. CEUS investigations of critically ill patients at the ICU and the performance of
intraoperative CEUS are supported by various clinical trials and the new EFSUMB guidelines [13, 14].
All examinations were performed by one experienced investigator (who has performed more than 2500
examinations/year) using a mobile ultrasound unit (LOGIQ S9) with the possibility to store dynamic
digital cine-loops in DICOM format for CEUS. The requirements for ultrasound examinations of
patients with COVID-19 can only be achieved using high-performance ultrasound equipment exhibit-
ing maximum mobility while maintaining the highest standards of hygiene and infection prevention.
Cross-sectional imaging is an alternative imaging modality of the abdomen for COVID-19 patients.
Disadvantages are high costs, radiation exposure and high personnel deployment [35, 36, 46].

With regard to intestinal diagnostics CEUS is of particular importance in case of diagnosis and
follow-up of Crohn’s disease, ulcerative colitis and for the detection of permeability disorders in
Graft versus Host disease (GVHD) [15-17]. Since CEUS can image micro vascularization down to
the capillary level using modern 2nd generation ultrasound contrast agents, it is also crucial for the
assessment of pathologic organ alterations during the severe course of COVID-19 infection.

2. Material and methods
2.1. Patients

We have analyzed ten patients with severe SARSCoV-2 infection displaying COVID-19 ARDS
(Table 1 and 2). Nine patients were mechanically ventilated and four patients on ECMO therapy.
Intestinal barrier disruption was suspected because of the clinical performance status of the patients
at the ICU. A state-of-the-art ultrasound examination including strain elastography and CEUS was
performed. The study was approved by the local ethics committee of the University of Regensburg,
Regensburg, Germany (21-2693-104).

2.2. Ultrasound Examination

Ultrasonography of the abdomen was performed according to the protocol previously described
[18]. In summary, a sweep B-mode scan was applied using a multifrequency convex sector transducer
(1-6 MHz, LOGIQ E9, GE, Milwaukee, WI, USA or LOGIQ S8, GE, Milwaukee, WI, USA) to detect
potentially affected areas of the small and large bowel.

The bowel was initially examined for segmental or generalized thickening of the bowel wall >3 mm
with associated mural edema with or without accompanying free fluid, concomitant lymphadenopathy,
hyperemia, and enlargement of intestinal fat. Color-coded Doppler sonography (CCDS) and power
Doppler were used to screen for hypervascularized areas.



H.C. Tews et al. / Contrast enhanced ultrasonography (CEUS) a novel tool to detect intestinal epithelial

Table 1

Demographic, clinical data and the outcome of the patients included in the study

Demographics and Characteristics of the Patients Patients (n=10)
Median age, y 54,5
Mean age, y (SD) 53,6 (13,8)
Sex

Male (%) 7(70)

Female (%) 3(30)
Weight [BMI] (%)

Normal weight [18,5 —24,9] 3(30)

Overweight [25 —29,9] 3 (30)

Obese class I [30 —34,9] 2 (20)

Obese class II [35 — 39,9] 0(0)

Obese class IIT [ > 40] 2 (20)
Median body mass index kg/m? 29,2
Mean body mass index kg/m? (SD) 30,2 (7,0)
Concomitant disease

Hypertension 330)

Diabetes mellitus 2 (20)

Chronic kidney disease 3 (30)

Chronic heart failure 1(10)

Oncologic underlying disease 1 (10)
Vaccination status (%)

Unvaccinated 8 (80)

Simply vaccinated 0(0)

Double vaccinated 2 (20)

Boosted 0
Median days since first detection of infection with SARS-CoV-2 38,5
Mean days since first detection of infection with SARS-CoV-2 (SD) 37,2 (13,9)
Performance of COVID-Sequencing (%)

Yes 4 (40)

No 6 (60)
Virus-variant (%)

Delta 4 (40)

Omikron 0(0)

Unknown 6 (60)
Non-invasive Ventilation (NIV) at the time of examination (%)

Yes 0(0)

No 10 (100)
Median duration NIV before, d 3
Ventilator dependent at the time of examination (%)

Yes 9 (90)

No 1(10)
Median time on the ventilator, d 29,5
ECMO at the time of examination (%)

Yes 4 (40)

No 6 (60)
Median time on ECMO, d 18,5
Dialysis

Yes 5(50)

No 5 (50)
Median time since start of dialysis, d 0,5

BMI, body mass index; SD, standard deviation.
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Table 2

B-Mode/bowel wall thickness: 0 (3—4 mm, normal), 1 (5-6 mm, little), 2 (7-8 mm, moderate), 3 (>8 mm, severe); Elastography: 0 (normal), 1 (indurated), 2 (widened with
edema), 3 (homogenous soft); CEUS: contrast-enhanced ultrasound: y (yes), n (no); Invasive device medicine at the time of diagnosis: D (Dialysis) E (ECMO) (I)
Intubated and ventilated (S) Spontaneous breathing without circulatory support (S)

Patient Age,y Sex (female/ Days since B-Mode CEUS Elastography Invasive SARS-CoV- SARS-CoV-  Outcome
male) infection with device 2-RNA from 2-RNA in
SARS-CoV2 medicine at  respiratory Serum
at the time of the time of material at the samples at the
[N [N time of US,  time of US,
cop./ml cop./ml
1 45 f 35 3 y 2 LE 0 0 Deceased
2 35 f 39 2 y 2 1 1,2 x 103 0 ICU-Treatment
3 81 f 8 2 y 2 S 2,9 x 106 - Hospital discharge
4 62 m 44 2 y 2 LE,D 0 0 ICU-Treatment
5 30 m 34 2 y 2 LE,D 0 0 ICU-Treatment
6 54 m 46 2 y 2 LE 0 0 ICU-Treatment
7 53 m 38 1 y 1 1 0 0 Transfer to other
hospital for Weaning
8 55 m 39 1 y 1 I 10 bis 106 0O Transfer to ICU in
referring hospital
9 60 m 65 2 y 1 LD 0 0 ICU-Treatment
10 61 m 24 2 y 2 1 0 0 ICU-Treatment
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Intestinal loops that showed wall thickening >3 mm and edema were then examined with a high-
resolution linear multifrequency transducer (6-9 MHz) LOGIQ E9, GE, Milwaukee, WI, USA) to
clearly distinguish intestinal loops with acute edema from those with chronic changes of the intestinal
wall. In addition, we performed color-coded strain elastography.

2.3. Strain Elastography

Color-coded strain elastography was performed in bowel areas suspicious for bowel wall barrier
disruption based on B-mode findings, as previously described [18]. To exclude fibrous stenoses, strain
elastography was additionally performed in acute reactive bowel wall lesions to show soft bowel wall
portions.

As such, elastography implemented in the high-end ultrasound device allows assessment and visu-
alization of elastic properties and stiffness of tissue acting against shear deformation.

While examining the intestinal area of interest with B-mode ultrasound, a strain elastogram is
generated by applying compression and decompression and by visualizing the resulting changes in the
B-mode image. The image is transferred into a color-coded map using a scale from red (high strain,
soft) to blue (low strain, hard).

As a result, scar formation appears with higher stiffness coded in blue as opposed to acute intestinal
inflammatory regions displayed by tissue softening coded in red or yellow [19, 20].

24. CEUS

Contrast-enhanced ultrasound (CEUS) was applied by intravenous bolus injection of 1.5-2.4 mL
Sulphur hexafluoride microbubbles (SonoVue, BRACCO, Italy) via a peripheral venous catheter fol-
lowed by a 10 mL saline solution flush. DICOM loops up to 1 min were continuously stored, starting
from the early arterial phase after 10—15s up to 1 min and then short loops up to 10 s until the late
phase (up to 5 min) and were digitally stored as DICOM loops of approximately 10 s for independent
retrospective reading by two experienced ultrasound examiners.

Incipient contrast of the mesenteric tissue and bowel wall was considered the reference. Rapid
contrast <10 seconds was regarded as hyperemia with also increased flow signal in the duplex. For
this purpose, flow parameters were optimized for low venous flow components, scale <1000 Hz, wall
filter <100, optimization of the gain to the onset of artifacts or aliasing.

Evaluation of the intestinal loops regarding the contrast agent behavior was performed as previ-
ously described by our group [15]. Briefly, by implementing pulse inversion harmonic imaging (PIHI)
and reduced mechanical index (MI<0.2) to exclude artefacts, translocation of microbubbles into the
intestinal lumen was interpreted as a consequence of a SARSCoV-2 manifestation.

2.5. Ultrasound imaging analysis

B-mode ultrasound, strain elastography and CEUS was performed and interpreted during the same
investigation by an experienced examiner. Whether microbubble penetration into the bowel lumen as
a correlate of a significant intestinal barrier disorder was observed, was evaluated independently by
two experienced examiners. Observed abnormalities in bowel wall thickness on B-mode (coding 0
(3-4mm), 1 (5-6 mm, little), 2 (7-8 mm, moderate) (3 >8 mm, severe) and strain elastography were
coded from O to 3 to assess severity (coding: O normal), 1 (indurated), 2 (widened with edema), 3
(homogenous soft).
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Fig. 1. Ultrasound images of a 45-year-old patient with severe COVID-19 disease. I: B Mode ultrasound showing intestinal
wall thickening; CEUS image showing mild arterial enhancement 9 seconds after SonoVue application (white arrows). II:
CEUS image showing early and strong arterial hyperenhancement of the intestinal wall (white arrow) 15 seconds after
SonoVue application.

3. Results

We analyzed ten patients with severe COVID-19 infection (Table 1/2). Ultrasound-based diagnosis of
significant intestinal barrier disorder was established by two experienced ultrasound examiners based
on the combined evaluation of intestinal wall thickening in B-mode ultrasound, hypervascularization
in color-coded doppler sonography and early arterial enhancement and transmural translocation of
microbubbles in CEUS as described before [18].

We observed morphological signs of pathological bowel wall morphology in all patients. Signs such
as hypervascularization, bowel wall edema, contrast enhancement and even intraluminal microbubble
accumulation were present with varying degrees (Table 2). Interestingly, Figs. 1, 2, 4, and 5 show
ubiquitous, severe, early arterial hyperenhancement. This is a sign of hypervascularization, probably
because of the systemic inflammatory response.

In Fig. 1, a CEUS image of a 45-year-old female patient is presented. The patient suffered from
severe COVID-19 ARDS without relevant medical history and was treated by VV-ECMO. The images
demonstrate an early, almost fulminant accumulation of contrast agent in the wall of the small intestine
15 seconds after contrast application.

Figure 2 shows Ultrasound and CT images of the same patient (Fig. 1). 21 seconds after contrast
agent administration, a strong contrast accumulation of the intestinal wall can still be observed by
CEUS. Of note, in Figure, II isolated microbubbles can be detected in distinct areas of the intestinal
wall. CT images confirm small bowel pathology with thickening of the small bowel wall, associated
edema and hypervascularization (Fig. 2).

Figure 3 shows the different contrast uptake of the intestinal wall layers in a 45-year-old patient
severely affected by COVID-19 at 5, 10, and 14 seconds after SonoVue application. At 5 seconds
after SonoVue application, intersegmental transmural contrast uptake was noted. At 10 seconds and 14
seconds after SonoVue application, a complete, long-range contrast image of the intestinal wall layers
is shown.

In Fig. 4, elastography, CEUS and CT images of a 30-year-old patient severely affected by COVID-19
are shown, respectively. In these images we observe again an early arterial contrast hyperenhancement
in the intestinal wall, in elastography a soft wall edema and a translocation of microbubbles into the
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Fig. 2. Ultrasound images of a 45-year-old patient with severe COVID-19 disease. I: B-Mode ultrasound showing intestinal
wall thickening. CEUS image manifesting early and strong arterial hyperenhancement of the intestinal wall (white arrows)
21 seconds after SonoVue application. II: Computertomography (CT) image depicting bowel wall edema and contrast
enhancement of the bowel wall (white arrows). III: CEUS imaging expressing transmural penetration of microbubbles
(white arrows).

Iumen. The CT of the lung, 39 days after initial COVID-19 detection, illustrates the severe and structural
change in the respiratory tract. The patient had no severe previous diseases before her infection with
SARSCoV-2.

Figure 5 shows the images of an 81-year-old female patient. The images were documented four days
after the initial COVID-19 diagnosis. Interestingly, this case differs clinically from the other patients due
to the milder COVID-19 course. Nevertheless, we observed a clear early arterial hyperenhancement of
the intestinal wall and a crossing of microbubbles into the lumen. Elastography reveals soft edematous
tissue.

Table 1 presents the demographic and clinical data of the patients included in the study. The study
included ten patients with a median age of 54 years. 7 male and 3 female patients were included in
the study. Seven patients suffered from obesity at different levels. 80% of the severely ill patients
were not vaccinated for SARSCoV-2. The delta variant of COVID-19 represents the dominant variant
in the study cohort. Four patients required ECMO therapy. Arterial hypertension (n=3), diabetes
mellitus (n=2), and chronic kidney disease (n =3) were the most common comorbidities. At the time
of ultrasonography, the median diagnosis of SARSCoV-2 infection had been established 38 days prior.

Table 2 presents the results using different morphological contrast criteria.

In n =8 patients, elastography demonstrated bowel wall edema with a high rate of soft fractions. The
contrast agent SonoVue was applied in all included patients. In n =7 patients, the microbubbles passed
into the intestinal lumen. In n="7 patients, the small bowel wall was moderately widened (7-8 mm) on
native ultrasonography. In one patient even segmental thickening of the bowel wall to 10 mm could
be observed. In addition, duration of COVID-19 disease and infectivity is shown. SARSCoV-2 RNA
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Fig. 3. Ultrasound images of a 45-years-old patient with a severe COVID-19 Infection. I: CEUS image showing early, pro-
nounced and especially segmental, transmural arterial hyperenhancement of the intestinal wall (white arrows) 5 seconds after
SonoVue application. II: CEUS image showing early, strong, and especially segmental, transmural arterial hyperenhancement
of the intestinal wall (white arrows) 5 seconds after SonoVue application. III: CEUS Image shows long-distance, marked
contrast uptake across all intestinal wall layers 10 seconds after SonoVue application. IV: CEUS Image shows long-distance,
distinct contrast uptake across all intestinal wall layers 14 seconds after SonoVue application.

from respiratory samples and SARSCoV-2 RNA from serum samples at the time of the ultrasound
examination are presented.

In conclusion, we identified pathologies of the small bowel in all included patients with severe
COVID-19. These pathologies could be identified by native ultrasound, elastography and CEUS
(Table 2). In particular, the high proportion of soft bowel wall edema (rn=8) and the detection of
microbubbles in the intestinal lumen (n =7) support the hypothesis of small bowel involvement in the
context of COVID-19 systemic disease.

4. Discussion

The aim of our work was to assess the increasing evidence of Gl tract involvement during a COVID-19
infection [21]. For this purpose, we applied advanced ultrasound techniques.

According to our experience, CEUS is an excellent diagnostic tool for monitoring severe cases of
intermediate and intensive care patients with early changes of abdominal microcirculatory disorders and
small as well as large bowel pathologies [13, 22, 23]. The advantage of CEUS with sulphur hexafluoride
microbubbles is the dynamic assessment including the capillary level and strictly intravascular from
the early arterial phase (10 to 15 s) to the late phase of 5 min. In addition, Sonovue has the decisive
advantage of not having any effect on thyroid function and not being nephrotoxic [14].

In our cohort, we observed early intersegmental, transmural contrast uptake of the small bowel
(Fig. 3). Subsequently, in most cases, a long segmental, band-like contrast uptake involving all intestinal
wall layers of the small bowel was demonstrated after approximately 10 seconds (Figs 1/2/3/4/5). We
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Fig. 4. Ultrasound images of a 30-years old-patient with a severe COVID-19 Infection. I: B-Mode ultrasound showing
intestinal wall thickening. CEUS image showing early and strong arterial hyperenhancement of the intestinal wall (white
arrows) 29 seconds after SonoVue application. II: CEUS imaging showing transmural penetration of microbubbles (white
arrows). III: Soft tissue edema as a correlate of acute inflammation by strain elastography (white arrows). IV: CT of the lung.
39 days after COVID-19 diagnosis.

hypothesize that especially early transmural enhancement and late ubiquitous enhancement in the
intestinal wall are different from other intestinal diseases. Early transmural contrast uptake of the
intestinal wall layers and late-banded uptake of the complete intestinal wall in our cohort differs from
the contrast behavior in GVHD and infectious enteritis [15, 18, 24]. It is conceivable that the early
transmural involvement of the intestinal wall in the setting of COVID-19 disease has similarities to a
severe episode of inflammatory bowel disease [25, 26].

Limitations of the investigations are that CEUS is not able to record all intestinal structures in their
microvascularization dynamically and continuously at the same time. Experienced examiners and spe-
cial equipment are required. The price for 2.4 ml ultrasound contrast medium is 40-50 euros. The time
expenditure with the necessary hygiene measures lies with up to one hour with ways and equipment
for the investigation under COVID-19 protective measures counted. The absence of final pathological
results of the small intestine is another limitation of the study. Despite its known limitations, modern
sonography including CEUS has proven its value in times of the COVID-19 pandemic and was able
to detect microcirculatory dysfunction at an early stage [27-29]. It is necessary to monitor the micro-
circulation at the bedside in intensive care patients who have serious COVID-19 disease [30] There
is growing evidence that the combination of endothelial dysfunction with a generalized inflammatory
state and complement involvement may contribute to the overall pro-coagulative state described in
COVID-19 patients leading to venular as well as to arteriolar occlusions [31].

In our work, we describe pathologies of the small bowel in the setting of COVID-19 disease. Small
bowel pathologies were objectified by ultrasound and quantified by contrast-enhanced ultrasound.
The use of CEUS allows bedside investigations for a variety of clinical questions relevant to clinical
practice. It is possible to quickly rule out organ infarction and to dynamically record the mesenteric
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Fig. 5. Ultrasound images of a 81-years-old patient with severe COVID-19 disease. I: B-Mode ultrasound showing intestinal
wall thickening. CEUS image showing early and pronounced arterial hyperenhancement of the intestinal wall (white arrows)
11 seconds after SonoVue application. II: CEUS imaging depiciting translocation of microbubbles (white arrows) into the
intestinal lumen. III: Soft tissue edema as a correlate of acute inflammation diagnosed by strain elastography (white arrows).

arterial and venous blood flow [29]. CEUS can also detect peripheral reduced blood flow, micro-
infarctions, embolisms in the context of pulmonary artery embolism and reactive hyperemia in the
case of consolidations and pleural irritation in the periphery of the lungs [32-34]. CEUS enables the
dynamic assessment of organ micro- perfusion, especially of the liver, spleen and kidneys [14].

CEUS of small and large bowel has gained significant importance in recent years. CEUS of the
gastrointestinal tract provides vascular information that is helpful in characterizing tumors and other
pathology in and around the intestine, like contrast applications in other solid organs such as the liver.
The use of microbubble contrast agents for the intestine provides additional information on mural and
mesenteric blood flow, which is invaluable in determining disease activity and assessing the integrity
of the intestinal barrier [16]. Small-intestine contrast enhanced Ultrasound Sonography (SICUS) has
gained importance in different indications of structural bowel diseases. SICUS can be used to describe
the contrast behavior of the bowel wall and to exclude possible complications such as abscesses,
strictures and fistulas [17, 35].

The pathophysiology of COVID-19 is complex and the clinical picture heterogeneous. Evidence is
mounting that the gut may play a central role in the acute phase of SARSCoV-2 infection and also in
post-COVID-19 Syndrome [7, 36-38].

Invasive intensive care device medicine with the high number of ECMO therapies in our cohort and
possible small bowel pathology secondary to perfusion deficits are potential confounders in our study
but in generally not often detected in other patients with severe ARDS. There are case reports describ-
ing acute bowel ischemia during ECMO therapy. Presumably, non-occlusive or occlusive mesenteric
ischemia is the cause of the bowel ischemia in these patients with ECMO therapy [39—41].
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There are still many questions regarding the intestinal barrier function and COVID-19: Is the dis-
ruption of the integrity of the intestinal wall barrier an early feature and a major driver of systemic
function or is the structural alteration of the intestinal wall barrier more likely to be an expression of
severe COVID-19 infection in terms of multiorgan involvement?

In our cohort, there was no duplex sonographic hint of perfusion deficit or nonocclusive mesenteric
ischemia. Thus, we conclude, that the segmental and severe transmural contrast enhancement in our
studied patients is a consequence of the systemic infection in severe COVID-19 disease.

Although understanding of the gut-lung axis is in its early beginning, there is increasing evidence that
altered gut microbiota and disruption of gut barrier integrity may contribute significantly to lung disease
progression [42, 43]. The high levels of circulating proinflammatory cytokines by viral infections are
capable of altering gut microbiota and affecting intestinal integrity [44]. Small bowel malfunction leads
to altered gut microbiota and inflammation due to the well-balanced bidirectional interaction between
the gut microbiota and the immune system. Increased inflammation in the intestine leads to a leaky gut
allowing bacterial antigens and toxins to translocate to the systemic circulation, further worsening the
septic state of the patients with COVID-19 [45]. The mechanism of a leaky gut was described by our
research group in patients with liver cirrhosis. Similarities in pathophysiology in COVID-19 patients
are conceivable [55].

Dysbiosis, gut microbial metabolites and dysregulation of the intestinal barrier influence immune
responses, inflammation, and disease progression of the lung [46]. The complex intercommunication
through the gut-lung axis might be important in predetermining the susceptibility of the airways to
SARSCoV-2 infection and COVID-19 clinical outcome as a function of the inter-individual variations
in microbiota richness and composition [47].

The ACE-2 receptor is regarded to play a critical role in COVID-19 disease as a portal of entry into
the lung as well as the intestinal tissue [48]. Angiotensin-converting enzyme 2 (ACE2) is not only an
enzyme but also a functional receptor on cell surfaces through which SARSCoV-2 enters the host cells
and is highly expressed in the heart, kidneys, lungs and the bowel and shed into the plasma. ACE-2 is
a key regulator of the renin-angiotensin-aldosterone system (RAAS) [49]. The review by Zhang et el.
was able to describe a distinct ACE-2 expression on small intestinal cells in COVID-19 patients [50].
Notably, the results of the study by Hamming et al. indicate that ACE-2 is present in all parts of small
intestinal epithelium cells, including the duodenum, the jejunum, and the ileum, but not in enterocytes
of the colon [51].

In our work, we observed an accumulation of small bowel pathologies but not of large bowel
pathologies in COVID-19 patients. One explanation for this observation may be a different receptor
occupancy of the ACE receptor in the small and large intestine.

Numerous records demonstrated several autoantibodies in severely ill COVID-19 patients that are
normally detected in other autoimmune diseases, such as antinuclear antibodies, antiphospholipid anti-
bodies, and many others. In addition, many case reports of COVID-19-infected patients developing
autoimmune diseases have been published [52-54]. It is extremely important to consider the autoim-
mune effects of COVID-19 virus. It is also conceivable that autoimmune phenomena play a role in the
small bowel involvement in the setting of COVID-19 disease in our cohort.

In summary, we were able to demonstrate a distinct and early contrast enhancement of the intestinal
wall and the accumulation of microbubbles in the lumen of the small bowel in most patients. This
finding suggests a high-grade barrier disorder of the small intestine in COVID-19 patients with a
severe course. So far, our work is the first to describe an intestinal barrier disorder in patients with
severe COVID-19 infection by bedside contrast ultrasonography and elastography.

In the future, it will be important to study intestinal barrier disruption and the alteration of the
microbiome at different stages of the disease to better assess the role of the gut and its integrity in
complex COVID-19 disease. CEUS could take a decisive position here.
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5. Conclusion

Intestinal barrier disorders resulting from COVID-19 are common and can be diagnosed at the
bedside by multiparametric US examinations. COVID-19-specific US findings of the intestine have
not been reported previously, but the reported results correlated with the clinical picture.

Our group hypothesized that intestinal wall barrier disruption is an important piece of the puzzle to
understand the complex systemic disease of SARSCoV-2 infection.
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