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Ivana Roksandić-Križan
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Preface

In the last few years, the scientific world has been forced to find ways to manage the SARS-CoV-2

pandemic and its many effects. Even though COVID-19 was first considered a respiratory disease,

it was found to have an extended clinical spectrum, affecting other organs. It is now identified as a

systematic disease.

It is common for SARS-CoV-2 to also infect the digestive system. This type of infection in patients

with COVID-19 has a wide symptom range, from asymptomatic expression to some gastrointestinal

symptoms that occur with or before respiratory symptoms. Although respiratory infections are

known to cause intestinal immune impairment and gastrointestinal symptoms, our knowledge

around SARS-CoV-2 and its effect on the digestive system is limited.

The aim of this reprint is to evaluate and discuss the optimal management of emergency

surgeries in patients with SARS-CoV-2 infection and co-infections and to explore surgeries with

similarly aims from the non-COVID-19 era.

Additionally, this reprint determines the presence of SARS-CoV-2 in patients who do not have

the typical respiratory symptoms, but only present with symptoms of the digestive system and to

investigate the role of immature granulocytes in the early diagnosis of these patients.

Furthermore, this reprint refers to rare conditions of the digestive system and emphasizes the

importance of considering these entities in the differential diagnosis of acute abdomen and discusses

the preferred approach. Likewise, it includes an illustration of the spectrum of the gastrointestinal

imaging findings in patients with COVID-19. Awareness of diagnostic imaging hallmarks is crucial

to optimize the management of these patients.

In this reprint, we discuss the risk of new-onset liver injuries due to COVID-19 in preexisting

hepatic conditions, their prognosis, severity and outcome, as well as the immunosuppressant

treatments administered for COVID-19 and the possibility of reactivation of the hepatic virus.

Moreover, we refer to the drugs used during therapy of hospitalized COVID-19 patients,

which have adverse side-effects of drug-induced liver injury—DILI—their diagnostic algorithm, the

biomarkers that can assist in their identification, and also, the use of other drugs used for DILI therapy

in an effort to control and prevent a severe long-term outcome.

Finally, this reprint punctuates the importance of vaccination against SARS-CoV-2 in chronic

digestive diseases.

Daniel Paramythiotis and Eleni Karlafti

Editors
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Abstract: Background and Objectives: Colitis with Clostridium difficile is an important health problem
that occurs with an intensity that varies between mild and severe. Surgical interventions are required
only in fulminant forms. There is little evidence regarding the best surgical intervention in these
cases. Materials and Methods: Patients with C. difficile infection were identified from the two surgery
clinics from the ‘Saint Spiridon’ Emergency Hospital Ias, i, Romania. Data regarding the presentation,
indication for surgery, antibiotic therapy, type of toxins, and post-operative outcomes were collected
over a 3-year period. Results: From a total of 12,432 patients admitted for emergency or elective
surgery, 140 (1.12%) were diagnosed with C. difficile infection. The mortality rate was 14% (20 cases).
Non-survivors had higher rates of lower-limb amputations, bowel resections, hepatectomy, and
splenectomy. Additional surgery was necessary in 2.8% of cases because of the complications of
C. difficile colitis. In three cases, terminal colostomy was performed and as well as one case with
subtotal colectomy with ileostomy. All patients who required the second surgery died within the
30-day mortality period. Conclusions: In our prospective study, the incidence was increased both in
cases of patients with interventions on the colon and in those requiring limb amputations. Surgical
interventions are rarely required in patients with C. difficile colitis.

Keywords: Clostridium difficile infection; colitis; surgical intervention; mortality

1. Introduction

Clostridium difficile is an anaerobic, sporulated Gram-positive bacillus that was dis-
covered in 1935. Considered a rare infection until 1970, after the introduction of antibiotic
treatment, the C. difficile infection rate increased [1]. Studies have shown that approximately

Medicina 2023, 59, 830. https://doi.org/10.3390/medicina59050830 https://www.mdpi.com/journal/medicina1
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5% of adults and 15–70% of children are colonized with C. difficile. However, only a small
portion develops the infection, being protected by normal intestinal peristalsis and an
intact microbial intestinal flora [2]. Consequently, two entities of the pathology are defined:
colonization (detection of bacteria without symptoms predominantly nosocomial infection)
and infection (detection of toxins and symptoms) [3].

It is highly transmissible through the fecal–oral route and its exotoxins cause a spec-
trum of disease ranging from mild diarrhea to severe complications such as dehydration, in-
fectious colitis, toxic megacolon, colonic perforation, sepsis, circulatory shock, and death [4].
The mortality rate increases with the severity of the infection, reaching around 34% in cases
of patients admitted to the ICU [5].

As it was mentioned before, although C. difficile toxins were highlighted earlier by
researchers, it was only in 1970 that their role in the development of pseudomembranous
colitis was confirmed. This bacterium produces at least two toxins called A (TcdA) and
B (TcdB). Toxin A, an enterotoxin, causes an increase in fluid secretion and inflammation
in the intestinal mucosa. Toxin B, which in vitro exhibits a cytotoxic action approximately
1000 times stronger than toxin A, acts synergistically with it. While toxin A is produced by
almost all strains of C. difficile involved in the disease, it has recently been shown that some
strains secrete only toxin B [1].

In 2002, a variant of this bacterium was discovered, ribotype 027, initially in North
America, later in other parts of the world. The epidemiological importance comes from
the fact that it is more aggressive and contagious by synthesizing an additional toxin [6].
Until 2011, the incidence of C. difficile infection also increased in Romania, which correlated
with the highest share determined by ribotype 027 recorded in the European Union states,
approximately 70% of all cases [7].

In a country report from 2018 that analyzed the evolution of C. difficile infection in
Romania, out of a total of 10,241 confirmed cases, 7743% (76%) were classified as healthcare-
associated infections, 1931 (19%) as community infections and 567 (6%) were infections of
undetermined origin [8].

Patients at highest risk for C. difficile infection include hospitalized individuals aged
over 65 years old with recent antibiotic exposure. Pertinent explanations include depletion
of protective gut flora by antibiotics and a diminished immune response to C. difficile due
to age and medical comorbidities [9]. Most epidemics occur in the hospital setting and in
long-term care facilities, but outpatient acquisition is also described [10]. The risk factors of
community-acquired infections, apart from those mentioned before, are white race, cardiac
disease, chronic kidney disease, and inflammatory bowel disease [11].

Active monitoring and limiting the unnecessary administration of antibiotics are
key to minimizing this type of infection. The incidence rates obtained from a standard
surveillance system can be used as an important indicator of the quality of healthcare. In
Europe, epidemiological data on C. difficile infection in acute care units are derived from a
few limited studies, with significant differences in study design [12].

However, antibiotic treatment cannot always resolve the effects of the infection. The
surgical option is indicated in complicated C. difficile infection because of fulminant colitis,
toxic megacolon, severe ileus, or colonic perforations. The outcome is reserved with a
high mortality [13], but surgery performed before the onset of multi-system organ failure
(MSOF) and hemodynamic instability could increase the rate of survival [14].

The aim of this study was to find out an updated rate of C. difficile infections in a large
surgical clinic from the north-east of Romania considering the extent of empiric antibiotic
treatments nowadays. The specifics of the clinic mainly include acute and trauma cases. At
the same time, we wanted to observe if there were differences in the evolution of patients
depending on the pathologies that required hospitalization, the operations performed, and
the medical treatment administered, considering the fact that some pathologies required
pre- and post-operative antibiotic treatment.
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2. Materials and Methods

2.1. Study Design and Setting

This prospective study was conducted between September 2019 and September 2022,
in the First and Second Surgery Clinic from the Emergency Hospital ‘Saint Spiridon’ from
Iasi, Romania. Our research included the patients admitted for emergency surgeries.

2.2. Study Participants

From a total of 12,432 patients that were admitted to our clinic, we identified 140 pa-
tients who were diagnosed with post-operative C. difficile infection within the same hospital
stay. Data regarding the age, sex, diagnostic of admission, type of surgery performed,
antibiotic therapy used, type of toxins, evolution, and post-operative outcomes were col-
lected.

2.3. Diagnosis and Laboratory Technique

In order to confirm the infection, samples were taken from freshly emitted feces in
single-use containers without preservative. They were processed within a safety interval of
3 h in an external certified laboratory.

A standard amount of the diluted sample was mixed with conjugate solution 1 (con-
tained specific monoclonal antibodies against C. difficile toxin A and toxin B conjugated with
colored microparticles) as well as with conjugate solution 2 (contained specific anti-toxin A
and anti-toxin B antibodies biotinylated).

A volume of this mixture was transferred into a dedicated window of the test box; the
box contained immobilized streptavidin in the test strip and goat anti-immunoglobulin
antibodies in the control strip. Specific antibodies bound to the antigen in the sample and
form “sandwich” antigen–antibody complexes.

The complexes migrated through capillarity, reaching the area containing the test strip,
binding to the streptavidin present in the solid phase and were visualized in the form of
a black colored band, of any intensity, in the results window. In the absence of toxin A
and/or B from the sample, no band was visualized. The test was validated only if a band
colored black, of any intensity, was obtained in the control window.

After the diagnosis, the patients were isolated to prevent the spread of the infection.

2.4. Ethical Approval

In order to be admitted to the study, all the patients completed an informed consent
form. The ethics approval was received in 2018 (no. 8404/03.05.2018 issued by the Ministry
of National Education—University of Medicine and Pharmacy Gr. T. Popa—Iasi).

2.5. Statistical Methods

Data analysis was performed using SPSS 20.0 (Statistical Package for the Social Sci-
ences, Chicago, IL, USA). For continuous data, the distribution was assessed by the Shapiro–
Wilk test. Data were entered as the mean ± standard deviation, or a number with a percent
frequency for continuous variables with a normal distribution. Continuous variables with
normal distributions were compared using independent samples for the Student’s t-test in
the case of two samples. For continuous variables not satisfying the assumption of normal-
ity, the evaluation was done by applying nonparametric tests, i.e., the Mann–Whitney U
test in the case of two samples. Results with a p-value < 0.05 were considered statistically
significant.

3. Results

From a total of 12,432 patients admitted, 140 were diagnosed with C. difficile infection
(1.12%). The average age of was 64.42 ± 16.31, 52.8% of them were men and 47.14 % women.
A total of 20 (14.28%) patients died within the same hospital stay. The differences between
survivors and non-survivors are illustrated in Table 1.

3
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Table 1. Characteristics of the study group and differences between the group of survivors and the
non-survivors.

Total
n = 140

Survivors
n = 120

Non-Survivors
n = 20

p-Value

Age (mean ± SD) 64.42 ± 16.31 63.66 ± 15.64 68.95 ± 19.76 0.18
Gender, n (%)
Men 74 (52.86) 69 (57.5) 5 (25) 0.14
Women 66 (47.14) 51 (42.5) 15 (75)
C. difficile toxin, n (%)
A 20 (14.28) 17 (14.16) 3 (15) 0.92
B 5 (3.57) 4 (3.33) 1 (0.5) 0.71
A + B 115 (82.14) 99 (82.5) 16 (80) 0.78
Contact with C. difficile infection, n (%) 48 (34.28) 41 (34.16) 7 (35) 0.94
Perioperative antibiotic therapy, n (%) 53 (37.85) 42 (35) 11 (55) 0.08
Post-operative antibiotic therapy, n (%) 120 (85.71) 103 (85.83) 17 (85) 0.92
Treatment, n (%)
Vancomycin 85 (60.71) 76 (63.33) 9 (45) 0.12
Vancomycin + Metronidazole 55 (39.28) 44 (36.66) 11 (55)
MSOF, n (%) 25 (17.85) 6 (5) 19 (95) <0.00001
Previous multiple hospitalizations, n (%) 68 (48.57) 56 (46.66) 12 (60) 0.038

MSOF-Multiple systems organ failure.

From all the patients, 34.28% (n = 48) were contacts with at least one patient that was
positive for C. difficile infection. Both toxins were identified after surgery in 82.14% (n = 115),
with no significant differences between survivors and non-survivors.

Most of the patients, 85% (n = 120) were admitted directly to our clinic and 15% (n = 20)
of cases were initially admitted in other medical specialties. Complicated forms of the
infection were found in 17.85% (n = 25) due to multiple systems organ failure.

Neoplasm of the colon was the main diagnostis in 17.85% (n = 25), 10 % were acute
cholecystitis, incisional hernia, and gangrene of the lower limb (Figure 1).

 

Figure 1. Main admission diagnostics.

Regarding the election of the medical treatment, approximately two thirds received
monotherapy (Vancomycin) and one third double had antibiotic therapy (vancomycin
and metronidazole). The dosage we used for vancomycin was 125 mg PO q6hr and for
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metronidazole, 500 mg PO q8hr for 10 days. We noted a difference between treatments in
the case of survivors (Table 2).

Table 2. Election of the antibiotic therapy.

Vancomycin Vancomycin and Metronidazole p-Value

Survivors, n (%) 76 (63.33) 44 (36.66) 0.000002
Non-survivors, n (%) 9 (45) 11 (55) 0.53

Analyzing the surgical interventions, there were significant differences between sur-
vivors and non-survivors. There were higher rates of lower-limb amputations, bowel
resections, hepatectomy, and splenectomy in the survivors (Table 3).

Table 3. Types of surgical interventions.

Type of Surgery
Total

n = 140
Survivors

n = 120
Non-Survivors

n = 20
p-Value

Gastric or esophageal operations, n (%) 21 (15) 21 (17.5) 0 (0) -
Bowel resection or repair, n (%) 47 (33.57) 40 (30) 7 (35) 0.78
Hepatectomy, n (%) 2 (1.4) 1 (0.83) 1 (5) 0.56
Splenectomy, n (%) 3 (2.14) 2 (1.66) 1 (5) 0.14
Pancreatectomy, n (%) 5 (3.57) 5 (4.16) 0 (0) -
Cholecystectomy, n (%) 19 (13.57) 18 (15) 1 (5) 0.22
Lower-extremity amputation, n (%) 16 (11.42) 10 (8.3) 6 (30) 0.04
Hernia, n (%) 19 (13.57) 19 (15.8) 0 (0) -
Other, n (%) 4 (2.85) 4 (3.33) 0 (0) -

Surgery was necessary in four patients (2.8%) because of the complications of C. difficile
colitis, due to toxic megacolon and (n = 3) and bowel perforation (n = 1).

In four of the cases, emergency surgical intervention was needed due to infection
complications. Of these, in three cases, terminal colostomy was performed and in one case
subtotal colectomy with ileostomy. All patients were admitted to the intensive care unit
post-operatively with a mean stay of 10 days.

The total mortality rate in C. difficile infections was 14% (n = 20), but all patients who
required additional surgery died within the 30-day mortality period.

4. Discussion

The present research is a prospective one in which we collected information over
a 3-year period. From 12,432 patients admitted, 1.12% were diagnosed with C. difficile
infection. Previous studies have reported an incidence of up to 7.8%, reaching three times
higher values in cases of patients with colon surgery [15,16].

More than half of the deceased patients (60%) had a history of multiple hospitalizations,
with statistically significant differences when compared to the surviving patients. The
data obtained are consistent with the data from the literature, considering that healthcare
exposures before the hospitalization may increase the risk for C. difficile infection [17].

Two large clostridial glucosylating toxins, toxin A (TcdA) and toxin B (TcdB), are
involved in the pathogenesis of C. difficile. There are some strains that produce a third toxin,
the binary toxin C. difficile transferase, which can also contribute to C. difficile virulence and
disease. These toxins act on the colonic epithelium and immune cells and induce a complex
cascade of cellular events that result in fluid secretion, inflammation, and tissue damage,
which are the hallmark features of the disease. In our study, 82.14% presented both toxins,
these being the majority both in the case of the survivors and non-survivors.

In a large-scale study that followed patients from 52 hospitals from Michigan, USA,
between 2012 and 2013, Abdelsattar et al. showed that the highest rate of C. difficile infection
occurred after the interventions of amputation of the lower limbs, bowel resection, and
esophageal and gastric interventions [18]. In our study, the results were slightly reversed
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with the highest percentage being interventions on the colon followed by amputations and
eso-gastric interventions.

Moreover, we observed statistically significant differences only in the case of limb
amputation operations (30% versus 8.3%). It is worth mentioning that in cases of patients
with a bad outcome, there was a higher rate of bowel resection, 35% compared to 30% in
the case of survivors.

In the treatment approach to C. difficile infection, clinicians aim to cure both the first
episode and to reduce the risk of recurrences. In the recently updated Infectious Dis-
eases Society of America/Society for Healthcare Epidemiology of America (IDSA/SHEA)
guidelines and the updated European Society of Clinical Microbiology and Infectious
Diseases (ESCMID) guidance document, fidaxomicin is now recommended as the first
treatment option over vancomycin for both the first episode and for relapse C. difficile
infection. Although vancomycin is still a suitable alternative to fidaxomicin, specific focus
was placed on the improved results and reduced risk of relapse observed with fidaxomicin
compared to vancomycin [19,20]. Consequently, the new recommendations converge on
a main idea: to consider fidaxomicin first, considering the global benefits of the patient,
if feasible. Regarding the last aspect, fidaxomicin is more expensive than vancomycin, so
accessibility remains reduced in multiple hospitals. ESCMID guide through a good prac-
tice statement mentions that when fidaxomicin is unavailable or unfeasible, vancomycin
remains a suitable alternative.

Referring to the treatment options used in the surgery clinics from our study, the high
cost of this macrolide makes it difficult to be used as the first option in the treatment of
this type of infection for the time being. Consequently, the treatment options used in that
period were metronidazole and vancomycin.

The choice of treatment—monotherapy or bitherapy—did not present differences
between the two categories, survivors and non-survivors, that followed the treatments
according to current recommendations [21]. However, in the case of survivors, monother-
apy was preferred in 63.33% of cases (p = 0.000002), while in the case of those with a bad
outcome, double association was chosen in 55% of cases.

Several studies have shown that a prophylactic dose given before surgery is associated
with substantially reduced rates of wound infection and post-operative sepsis, especially in
the case of bowel interventions [22,23]. Additionally, in these cases, the risk of developing C.
difficile infection was outweighed by the benefit of avoiding a wound infection. It should be
noted that there were also other pathologies/surgical interventions that required antibiotic
treatment (gangrene of the lower limb) in the case of the patients included in our study.

Of the 140 patients, 37.85% had antibiotic treatment pre-operatively, and 85.71% after
the surgical intervention, with a slightly higher rate in the case of patients with a bad
outcome. There were no significant differences between the two groups. Currently, there
is no consensus on the pre-operative administration of antibiotics, but a short course for
bowel preparation is insisted upon, if necessary, since prolonged treatment can be a risk
factor for developing C. difficile infection in patients undergoing colorectal surgery [24].

Post-operatively, the unfavorable evolution of the symptoms appeared in 17.85% of
the cases. Multiple systems organ failure occurred in 5% of the survivors, the percentage
reaching up to 95% in the case of patients who died. Factors such as advanced age, the
presence of comorbidities, and prolonged previous treatment with PPIs can hinder the
evolution of the infection, despite the initiation of prompt antibiotic treatment [25]. Several
reported cases showed that even after using all the available resources, evolution can be
lethal. In addition, when multiple system organ failure is present, survival is not positively
influenced by radical intervention or subtotal colectomy [26,27].

C. difficile has become a significant public health threat in the past decade, largely due
to the emergence/selection of hypervirulent strains that persist in healthcare-associated
settings and cause more severe infections [28]. These strains are now being associated
with disease in healthy individuals who are not part of the population considered to be at
risk [29,30].
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The presence of the infection and the growing aggressiveness of the pathogen influence
the post-operative evolution of the patients. Moreover, some cases cannot be solved by
antibiotic treatment and worsen, requiring emergency interventions, with extensive bowel
resections, whose evolution is most often unfavorable. These cases especially appear in
tertiary, large, university hospitals, where the number of performed surgeries has increased,
but also the diversity and complexity of the cases are greater.

C. difficile infection occurs as a chronic or an acute illness with intensity varying
from mild to severe. Most cases can be managed with antibiotics and supportive care.
Surgical intervention in terms of colectomy is rarely required in patients with C. difficile
colitis. However, when the patient presents with fulminant disease, the early decision to
perform surgery is imperative for survival. Performed before the total morpho-functional
degradation of the colon and the development of complications, surgery has lower rates of
complications and post-operative lethality.

The current standard of care is subtotal colectomy. However, loop ileostomy with
vancomycin enemas delivered into the colonic mucosa has been described as a viable
option on selected patients [12].

In our study, 2.8% of the cases needed additional surgery because of the complications
of C. difficile infection. The intervention rate is slightly higher compared to other studies, but
the comparison is difficult considering the small groups studied in previous research [31].

It is important to emphasize that multidisciplinary collaboration and early surgical
intervention can improve the outcome of patients with fulminant infection.

Fulminant C. difficile colitis remains associated with exceptionally high mortality
following surgical intervention. The adoption of loop ileostomy as a valid alternative to
conventional surgical interventions, such as total colectomy, has more than doubled over
the past few years. The data in this study corroborated prior findings regarding equivalent
outcomes between both procedures. While the results from randomized clinical trials
and a better understanding of functional outcomes are both needed, it appears that loop
ileostomy is a viable alternative for acute care surgeons during management of fulminant
colitis [32,33].

The strength of the study is that it is a prospective one. The limitations consist of
the small batch of patients from a single center, the incomplete medical history, unclear
previous treatment with empiric antibiotherapy, and self-prescribed PPI intake.

5. Conclusions

C. difficile infection remains a major public health problem, especially in surgical wards.
In our research, the incidence was increased both in the case of patients with interventions
on the colon, and in those requiring limb amputations. The low number of patients who
developed the infection is a positive aspect, but we are currently considering follow-up over
a longer period of time to be able to include a larger number of patients, also from other
regional surgical centers. Thus, we will be able to have an objective and more extensive
perspective on the subject.

Clear and rigorous assessment of the risk factors for C. difficile infection is recom-
mended to adjust pre-operative care and surgical management. Further studies are needed
to complete our findings and a multidisciplinary approach is mandatory when it comes to
proper prevention and treatment.
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Abstract: Background and Aim: Although vaccination practices continue at a fast pace around the
world, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) still threatens people’s
lives. In this study, we aimed to determine the presence of SARS-CoV-2 in patients who do not
have the typical symptoms of the novel coronavirus disease 2019 (COVID-19), but only present
with dyspepsia, and to investigate the role of immature granulocytes in the early diagnosis of these
patients. Material and Methods: Adult and pediatric patients suffering from dyspepsia were included
in the study. The patients were divided into two groups, “positive” and “negative”, based on their
SARS-CoV-2 polymerase chain reaction test results. Immature granulocyte count (IG), immature
granulocyte percentage (IG%), C-reactive protein (CRP), and neutrophil-to-lymphocyte ratio (NLR)
values were recorded. Results: A total of 238 patients, including 25 (10.5%) pediatric and 213 (89.5%)
adult patients, were included in the study. A total of 2 (8%) pediatric patients and 17 (7.9%) adult
patients tested positive for SARS-CoV-2. The IG, IG%, and CRP parameters were significantly higher
in the SARS-CoV-2-positive patients compared to the SARS-CoV-2-negative patients. The optimal
cut-off value predictive of COVID-19 infection was determined to be ≥0.650 (sensitivity: 52.6% and
specificity: 95.5%, p = 0.001) for IG%. Conclusions: It should be noted that dyspepsia may also be
a COVID-19 symptom. IG% values, which can be determined with a hemogram test, a cheap and
easily accessible test, may be a warning in the early detection of patients who do not have the typical
symptoms of COVID-19.

Keywords: COVID-19; digestive symptom; dyspepsia; immature granulocyte

1. Introduction

Coronavirus pneumonia cases caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) broke out in the city of Wuhan in the Hubei province of China
in early December 2019 and then spread rapidly all around the world [1]. The first novel
coronavirus disease 2019 (COVID-19) case in Turkey was documented on 11 March 2020,
and the pandemic was declared on the same day by the World Health Organization [2].
As occurred all around the world, immediately after the first case was declared in Turkey,
changes and restrictions began to be implemented in daily life as the spread of the virus in-
creased. COVID-19 acts similar to a systemic disease with a variable range of severity, from
the asymptomatic clinical form to respiratory failure and increased mortality. COVID-19
is characterized by interstitial pneumonia and vascular damage that may lead to severe
adverse outcomes, and sometimes it can be fatal [3,4]. Studies have shown that 1/10 of
COVID-19 patients may only have gastrointestinal symptoms without any respiratory
symptoms, which will delay their diagnosis [5]. Among the gastrointestinal symptoms
identified in adult COVID-19 patients, diarrhea is the most common, followed by nau-
sea/vomiting, and abdominal pain, and vomiting is reported to be the most common
symptom in pediatric patients [6].
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Moreover, restrictions upon daily life have led to stress and anxiety in people. Since
dyspepsia is a stress-sensitive disorder, stress and anxiety are known to trigger and ex-
acerbate dyspepsia [7]. A complete blood count (hemogram) is one of the commonly
requested tests for patients admitted to adult and pediatric gastroenterology outpatient
clinics with the complaint of increased dyspepsia [8]. Immature granulocytes (IG), which
can be measured in complete blood counts, are the common name used for granulocyte
(neutrophil) precursors, namely myelocytes, promyelocytes, and metamyelocytes, which
are not found in peripheral blood except for during the neonatal period. IG counts and
immature granulocyte percentages (IG%) can easily be obtained by performing a routine
complete blood count test, thanks to technological advancements in automated hemogram
devices [7]. The detection of immature granulocytes in peripheral blood is an indicator of
bone marrow activation and severe infection. In recent studies, immature granulocytes
have been shown to be an effective marker for predicting infection severity [9,10]. Finally,
given the dynamic characteristic of the COVID-19 pandemic, the relationship between the
prognosis of SARS-CoV-2 infection and digestive symptoms is still a matter of debate [11].
Additionally, in those patients with digestive symptoms, there are currently no early diag-
nostic markers to alert the clinician in simple laboratory tests unless the clinician suspects
SARS-CoV-2 infection.

In this study, we aimed to determine the presence of SARS-CoV-2 infection in patients
who did not have the typical symptoms of COVID-19 but only presented with dyspepsia
and investigate the role of immature granulocytes in the early diagnosis of such patients.

2. Material and Methods

Patients presenting to pediatric and adult gastroenterology outpatient clinics with
the complaint of persistent dyspepsia between August 2020 and December 2020 were
included in the study. The demographic and laboratory data of the included patients were
retrospectively screened and recorded.

All procedures performed in the studies involving human participants were performed
in accordance with the ethical standards of the institutional and/or national research
committee and the 1964 Declaration of Helsinki and its later amendments or comparable
ethical standards. Approval was obtained from the local ethics committee of Sutcu Imam
University before starting the study, with a decision date of 25 January 2021, session
2021/04, no. 10.

2.1. Inclusion Criteria

Pediatric and adult patients who had dyspeptic complaints resistant to diet and
medical treatment, who had no complaints other than dyspepsia, who were scheduled for
endoscopy, and who underwent COVİD-19 PCR tests were included in the study.

2.2. Exclusion Criteria

Patients who underwent endoscopy with indications other than resistant dyspeptic
complaints, such as variceal bleeding, foreign body ingestion, and corrosive substance
ingestion, and patients who had not taken a PCR test for COVID-19 were excluded from
the study.

2.3. Laboratory Data Evaluated in the Study

The results of SARS-CoV-2 Polymerase Chain Reaction (PCR) tests, complete blood
counts, white blood cell counts (WBCs), neutrophils, lymphocytes, hemoglobin levels,
immature granulocyte counts, immature granulocyte percentages, and C-reactive protein
(CRP) tests, which were routinely checked before endoscopy, were recorded.
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2.4. Groups

The patients were divided into two groups (SARS-CoV-2 positive vs. SARS-CoV-2
negative), based on their PCR test results. Demographic and laboratory data were compared
for these two groups.

2.5. Complete Blood Count Data Analysis

The complete blood count results were studied using an automated hematological
analyzer (XN 3000; Sysmex Corp., Kobe, Japan), and WBC counts, neutrophil counts,
lymphocyte counts, IG counts, and IG% values were measured. Neutrophil-to-lymphocyte
ratios (NLR) were calculated manually. IG% was calculated as the ratio of the IG count
value to the white blood cell count value.

2.6. SARS-CoV-2 PCR Analysis

Nasal and pharyngeal swab samples collected from the patients were examined with
the CFX96 Touch Real-Time Polymerase Chain Reaction (RT-PCR) detection system using
the Bio-speedy (Bioeksen) RT-PCR kit provided by the Turkish Ministry of Health.

2.7. Statistical Analysis

The statistical analyses were performed using statistical software (SPSS 22 for Win-
dows, Chicago). Descriptive statistics are expressed as mean ± standard deviation for
the continuous variables and as percentages (%) for the categorical variables. The chi-
squared test and the Fisher’s exact test were conducted for the categorical variables. The
Shapiro–Wilk test was performed to check the normality of the distribution of the data for
the continuous variables. The independent samples t-test was used to determine the mean
differences of a dependent variable between two independent groups and whether there
was a significant difference in the normally distributed parameters. The Mann–Whitney U
test was used to compare the nonnormally distributed continuous variables. Correlation
analysis was conducted to show the direction and strength of the relationship between two
numeric variables. If the data were distributed normally, the Pearson correlation coefficient
was preferred, whereas the Spearman’s Rank correlation coefficient was preferred for the
nonnormally distributed data. The numeric data are given as median ± standard deviation
(minimum–maximum values), and the categorical data are shown as frequencies (n) and
percentages (%). In the analyses, p < 0.05 was considered statistically significant.

We performed an ROC curve analysis to determine the best cut-off values of the
hematological parameters that could predict the development of COVID-19 infection. We
conducted a risk analysis with logistic regression according to the cut-off values that we
found. Results with a p-value of <0.05 were considered statistically significant.

3. Results

A total of 238 patients, including 25 (10.5%) pediatric and 213 (89.5%) adult patients,
were included in the study. The mean age of the patients was 41.08 ± 19.16 years. The mean
age of the pediatric patients was 9.35 ± 5.37, and the mean age of the adult patients was
44.81 ± 16.57. A total of 11 (44%) of the pediatric patients were female, and 14 (56%) were
male, while 95 (44.6%) of the adult patients were female, and 118 (55.4%) were male. A total
of 2 (8%) pediatric patients and 17 (7.9%) adult patients were determined to be positive
for SARS-CoV-2. There was no significant difference in terms of sex or age distributions
between the patients with and without SARS-CoV-2 (p = 0.482, p = 0.269, respectively).
A total of 100 (45.7%) of the SARS-CoV-2-negative patients were female, and 119 (54.3%)
were male. A total of 6 (31.6%) of the SARS-CoV-2-positive patients were female, and
13 (68.4%) were male. There was no significant difference in terms of sex or age between
the patients with and without SARS-CoV-2 infection (p = 0.236, p = 0.269, respectively)
(Table 1).
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Table 1. Comparison of laboratory data of patients with and without SARS-CoV-2 infection.

SARS-CoV-2 Negative All
Patients (219)

SARS-CoV-2 Positive
All Patients (19)

n (%) n (%) p *

Gender
0.236Female 100 (45.7) 6 (31.6)

Male 119 (54.3) 13 (68.4)

Mean ± SD Mean ± SD p **

Age 41.45 ± 19.15 36.41 ± 19.15 0.269
WBC (109 L) 7.80 ± 2.83 7.42 ± 2.52 0.637

Hb (g/dl) 13.28 ± 4.24 12.41 ± 3.08 0.478
Neutrophil (109 L) 4.65 ± 2.51 4.19 ± 2.02 0.513

Lymphocyte (109 L) 2.24 ± 1.10 2.13 ± 0.97 0.739
NLR 2.53 ± 2.01 2.68 ± 1.51 0.752

IG (109 L) 0.033 ± 0.061 0.221 ± 0.275 0.008
IG% 0.306 ± 0.177 0.935 ± 1.249 0.042

CRP (mg/L) 5.13 ± 5.04 21.11 ± 31.92 0.043
Statistics: * Crosstabs chi-squared tests, ** Independent samples t-test. Abbreviations: WBC: White blood cell
count; Hb: Hemoglobin; NLR: Neutrophil-to-lymphocyte ratio; IG: Immature granulocyte; IG%: Immature
granulocyte percentage; CRP: C-reactive protein.

There was no significant difference between the SARS-CoV-2-positive and the SARS-
CoV-2-negative groups in terms of their WBC, Hb, neutrophil, lymphocyte or NLR values
(p = 0.637, p = 0.478, p = 0.513, p = 0.739, and p = 0.752, respectively). The IG, IG%, and CRP
parameter values were statistically significantly higher in the SARS-CoV-2-positive patients
in comparison to the SARS-CoV-2-negative patients (p = 0.008, p = 0.042, and p = 0.043,
respectively) (Table 1).

There was no statistically significant difference in terms of WBC or NLR values
between the SARS-CoV-2-positive and -negative pediatric patients (p = 0.847 and p = 0.856,
respectively). The CRP, IG, and IG% values were statistically significantly higher in the
SARS-CoV-2-positive pediatric patients compared to the SARS-CoV-2-negative pediatric
patients (p < 0.001, p = 0.046, and p < 0.001, respectively). Additionally, there was no
statistically significant difference in terms of WBC or NLR values between the SARS-CoV-
2-positive and -negative adult patients (p = 0.849 and p = 0.850, respectively). However, the
CRP, IG, and IG% values were statistically significantly higher in the SARS-CoV-2-positive
adult patients compared to the SARS-CoV-2-negative adult patients (p = 0.008, p = 0.014,
and p = 0.009, respectively) (Table 2). The correlations between the CRP, IG, and IG% values,
which were higher in the SARS-CoV-2-positive patient group, were evaluated with the
Pearson correlation test. Accordingly, there was a weakly positive significant correlation
between CRP and GI values (r: 0.279, p = 0.014), and there was a statistically significant
positive correlation between CRP and IG% values (r: 0.892 p < 0.001) (Table 3).

Table 2. Comparison of laboratory data in pediatric and adult patients according to the presence
of SARS-CoV-2.

Pediatric SARS-CoV-2 Adult SARS-CoV-2
Negative Positive p Negative Positive p

CRP (Mean ± SD) 4.77 ± 3.69 80.5 ± 91.21 <0.001 5.36 ± 5.80 14.13 ± 11.58 0.008
WBC (109 L) (Mean ± SD) 8.96 ± 3.21 8.47 ± 6.25 0.847 7.39 ± 2.58 7.24 ± 1.92 0.849

NLR (Mean ± SD) 2.11 ± 1.72 1.88 ± 1.71 0.856 2.67 ± 2.09 2.78 ± 1.52 0.850
IG (109 L) (Mean ± SD) 0.062 ± 0.113 0.23 ± 0.007 0.046 0.023 ± 0.018 0.220 ± 0.291 0.014

IG% (Mean ± SD) 0.304 ± 0.196 3.800 ± 2.687 <0.001 0.307 ± 0.172 0.598 ± 0.398 0.009

Statistics: Independent samples t-test. Abbreviations: WBC: White blood cell count; Hb: Hemoglobin; NLR:
Neutrophil-to-lymphocyte ratio; IG: Immature granulocyte; IG%: Immature granulocyte percentage; CRP:
C-reactive protein.
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Table 3. Evaluation of correlation between CRP, IG, and IG% values.

IG IG%

CRP
r 0.279 0.892
p 0.014 <0.001

Statistics: Pearson correlation test.

The best cut-off points of the hematological parameters for the diagnosis of SARS-CoV-2
infection in the patients presenting with the complaint of dyspepsia were determined by
an ROC curve analysis. The optimal cut-off point predictive of SARS-CoV-2 infection
was determined to be ≥0.045 (sensitivity: 68.4% and specificity: 85.4%, p = 0.001) for IG,
≥0.650 (sensitivity: 52.6% and specificity: 95.5%, p = 0.001) for IG% and ≥12.4 (sensitivity:
63.2% and specificity: 91.4%, p = 0.020) for CRP (Table 4). After we performed a risk
analysis using a logistic regression model based on these cut-off points for COVID-19
diagnosis only in the patients presenting with the complaint of dyspepsia, we demon-
strated that the risk increased 8.546 times (p < 0.001) in the patients with IG values of
≥0.045 × 109 L, 23.611 times (p < 0.001) in the patients with IG% values of ≥0.650, and
18.171 times (p < 0.001) in the patients with CRP values of ≥12.4 mg/L (Table 5).

Table 4. Determination of cut-off points in hematological parameters for the diagnosis of SARS-CoV-2
infection in patients presenting with dyspeptic complaints.

Cut-Off Value AUC Sensitivity Specificity Asymptomatic 95% Confidence Interval p

IG (109 L) ≥0.045 0.751 0.684 0.854 0.601–0.901 0.001
IG% ≥0.650 0.740 0.526 0.955 0.586–0.893 0.001

CRP (mg/L) ≥12.4 0.679 0.632 0.914 0.499–0.859 0.020

Statistics: ROC curve analysis was performed to determine the best cutoff points for GI, IG%, and CRP values to
predict SARS-CoV-2 infection. Abbreviations: IG: Immature granulocyte; IG%: Immature granulocyte percentage;
CRP: C-reactive protein; AUC: area under the curve.

Table 5. Risk analysis for COVID-19 diagnosis with logistic regression analysis in patients presenting
with dyspeptic complaints.

OR 95% CI p Risk

IG (≥0.045 × 109 L) 8.546 2.854–25.596 <0.001 Present
IG% (≥0.650) 23.611 6.135–90.877 <0.001 Present

CRP (≥12.4 mg/L) 18.171 4.915–67.181 <0.001 Present
Statistics: Whether GI, G%, and CRP values pose a risk for SARS-CoV-2 infection was evaluated by logistic
regression analysis. Abbreviations: IG: Immature granulocyte; IG%: Immature granulocyte percentage; CRP:
C-reactive protein; OR: Odds ratio.

4. Discussion

Our study showed that COVID-19 infection may present only with resistant dyspeptic
complaints in every age group. Additionally, it showed that CRP, IG, and IG% values
were higher in the SARS-CoV-2-infected patient group compared to the noninfected group.
These findings may guide clinicians in the early diagnosis of COVID-19 cases. SARS-CoV-2
infections have quickly spread all around the world shortly since the disease emerged in
China, and a pandemic was declared by the WHO in March 2020 [2]. The main symptoms
of COVID-19 were known to be coughing, fever, and shortness of breath in the beginning,
but as the spread of the virus increased, the variety of symptoms began to increase, and
patients have been diagnosed with COVID-19 with unexpected complaints [12]. Recent
studies revealed that SARS-CoV-2 may also be spread via feces [13]. However, it was also
demonstrated that SARS-CoV-2 infection may also emerge with gastrointestinal symptoms
after it was determined that SARS-CoV-2 had the ability to bind to ACE2 receptors in
the gastrointestinal tract [14]. The incidence of gastrointestinal symptoms in COVID-19
patients ranges from 3% to 79% [15]. Diarrhea, nausea/vomiting and weight loss are the
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most commonly seen gastroenterological symptoms in adult patients, while vomiting is
the most common symptom reported in children. In a study of 46 COVID-19 cases with
no symptoms or mild symptoms, the frequency of gastrointestinal symptoms was found
to be 35%, and the frequency of dyspepsia was reported as 11% [16]. Therefore, it should
be highlighted that extra care should be exercised in terms of COVID-19 when it comes to
patients presenting with complaints other than respiratory symptoms [6,17].

To the best of our knowledge, our study is the only study emphasizing concurrent
SARS-CoV-2 in patients presenting with the complaint of persistent dyspepsia. In our study,
19 (8%) of the 238 patients who underwent endoscopy due to persistent dyspepsia were
determined to be positive for SARS-CoV-2. None of the patients who were determined to
have SARS-CoV-2 had any complaints other than dyspepsia. The course of SARS-CoV-2
infection is known to be much more severe in patients with comorbidities and in geriatric
patients. Although there are studies reporting that the prevalence of infection is higher in
the male sex, there are also studies reporting that there is no significant correlation between
SARS-CoV-2 infection and sex [18,19]. In our study, there was no statistically significant
difference in terms of sex or age between the patients with and without SARS-CoV-2 infec-
tion. It was shown in a survey study, which was conducted in Japan and which included
adult patients, that the COVID-19 pandemic made existing symptoms worse in 20% of
patients with functional dyspepsia. It was stated in the same study that stress caused
by SARS-CoV-2 was effective in worsening the existing symptoms of the patients [20].
Additionally, in a study in Italy, it was stated that functional gastrointestinal symptoms
increased, especially in children and young people during the pandemic period [21]. We
think that both the SARS-CoV-2 infection itself and the stress caused by COVID-19 may
lead to dyspepsia or aggravate existing dyspepsia in the patients on whom we performed
endoscopies. IG, IG%, and NLR values were demonstrated to increase in infectious and
noninfectious inflammatory diseases, such as malignancies [22–25]. Studies have also
suggested that IG% is a more predictive marker in the early diagnosis of any infection as
compared to procalcitonin [26] and CRP [27] values, which are well-known markers that
have been previously studied. It has been emphasized in various studies that IG% may
be used in the early diagnosis of acute appendicitis, acute cholecystitis, acute pancreatitis,
sepsis, and neonatal sepsis in pediatric patients [22,28–31]. Additionally, Ayres et al. [30]
stated that sepsis could be ruled out in cases where the IG% value is detected as being
lower than 2. In another study, Unal et al. [31] reported that IG% was an effective and
inexpensive method for use in the early detection of acute necrotizing pancreatitis. None of
the patients included in our study had a systemic inflammatory response (SIRS) or sepsis.
In contrast to the aforementioned reports, we found that the IG and IG% levels were signif-
icantly higher in the patients with SARS-CoV-2 infection as compared to the SARS-CoV-2-
negative patients.

Similarly, it was emphasized in some studies that NLR can be a useful prognostic
biomarker for the detection of inflammatory diseases and sepsis [32]. Nalbant et al. [33]
stated that NLR may be an independent predictive factor for the diagnosis of COVID-19
infection. However, in our study, there was no significant difference in terms of the
NLR values between the SARS-CoV-2-positive and SARS-CoV-2-negative patients. This
result may have occurred due to the absence of clinical symptoms and signs suggesting
sepsis and/or inflammatory disease other than dyspepsia or early-stage COVID-19 in the
patients we included in our study. Van der Geest et al. [34] reported that IG% and CRP
may be interchangeable, while combining CRP and IG% findings provides better results
for predicting microbial infection. In our study, the CRP values were determined to be
significantly higher in the SARS-CoV-2-positive patients in comparison to the SARS-CoV-2-
negative patients. There were significant positive correlations between the CRP values and
the IG and IG% values (r: 0.279, p: 0.014; r: 0.892 p < 0.001, respectively).

Ha et al. [35] determined an IG% cut-off point of 0.5 for the differentiation of compli-
cated and uncomplicated sepsis. In another study, the cut-off point for IG% was determined
to be 0.4 (sensitivity: 69.8% and specificity: 29.5%) in predicting sepsis based on clinical
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diagnosis [28]. There is no diagnostic study in the literature which was conducted with IG
and IG% to predict SARS-CoV-2 infection in patients presenting only with the complaint
of dyspepsia. Therefore, we determined the optimal cut-off points for CRP, IG, and IG%
with an ROC curve analysis to predict SARS-CoV-2 infection in our study. Additionally, in
contrast with the literature, we performed a risk analysis for SARS-CoV-2 infection using
logistic regression analysis according to these cut-off points.

Limitations

Our study included both pediatric and adult patients. Another strength of our study
is that it is the first study to develop an early diagnostic marker of COVID-19 infection
in patients with dyspepsia using frequently used hematological data. The retrospective
nature of the study, the low number of pediatric patients, and the low number of patients
with COVID-19 infection were the limitations of our study.

5. Conclusions

It should be noted that dyspepsia may also be a symptom in SARS-CoV-2 infected
patients. In this period when the world cannot completely rid itself of the COVID-19
pandemic, our study showed that dyspepsia, a nonspecific complaint for COVID-19, can
be suspected and diagnosed early with simple hematological data, such as immature
granulocyte percentages and counts. However, these findings need to be supported by
larger and more comprehensive studies.
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Abstract: Small bowel non-Meckelian diverticulosis is a rare condition with only a few published
cases despite being described over 200 years ago. In the midst of the COVID-19 pandemic, studies
suggested that many patients may experience gastrointestinal manifestations. Intestinal symptoms
could worsen the inflammation and infection associated with small bowel diverticulitis. Here we
present three cases: one with inflammation and rupture in a COVID-19 patient and another as
an asymptomatic detection. The third case involved recurrence after the first laparoscopic lavage
approach. Furthermore, we provide a mini-review of the literature to emphasize the importance of
considering this entity in the differential diagnosis of an acute abdomen. In the majority of cases
involving small bowel diverticula, conservative management is the preferred approach. However,
when complications arise, surgical intervention, including enteroctomy and primary anastomosis,
may be necessary to achieve optimal outcomes.

Keywords: small bowel non-Meckelian; diverticulitis; COVID-19

1. Introduction

Small bowel non-Meckelian (SBNMD) diverticulosis is an uncommon disorder with a
prevalence ranging from 0.06% to 4% [1–4]. While diverticula are more commonly found
in the colon, they can also occur in the small bowel. It typically occurs in the sixth and
seventh decades of life, with a significant majority of 80% being over 40 years old at the
time of the diagnosis [4]. Multiple jejunal diverticula, especially in the proximal site, are
detected in 80% of cases. The remaining 15% of diverticula are located in the ileum, while
the remaining 5% occur in both the jejunum and ileum [5]. Both are usually smaller in
size, multiple, and isolated. Meckelian diverticula are congenital abnormalities of the small
intestine, but non-Meckelian diverticulitis is not associated with this congenital anomaly [1].
From a pathological point of view, SBNMD are deemed “false”, in contrast to Meckel’s
diverticula located on the anti-mesenteric site [1,2]. The wide range of atypical symptoms,
such as vague abdominal pain, flatulence, diarrhea, and melaena, in combination with its
rare occurrence, can lead to a delayed diagnosis and extreme mortality rates [6,7]. Various
imaging modalities can be utilized to aid in the diagnosis of non-Meckelian small bowel
diverticulitis. A computed tomography (CT) scan is typically the first-line imaging modal-
ity used to evaluate patients with suspected diverticulitis. CT can identify inflamed or
perforated diverticula, as well as complications such as abscess formation or bowel obstruc-
tion. Magnetic resonance imaging (MRI) may also be used to evaluate non-Meckelian small
bowel diverticulitis, particularly in cases where radiation exposure is a concern [4–7]. In
addition to CT and MRI, other imaging modalities such as small bowel follow-through
studies or enteroclysis may be utilized to evaluate the extent of diverticulitis and any
associated complications. Endoscopic retrograde cholangiopancreatography (ERCP) may
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also be performed to visualize the small bowel and assess for the presence of diverticula
especially in case of duodenum localization [2–5].

Complications frequently occur with colonic diverticula, which are commonly de-
scribed. These complications include inflammation, perforation, bleeding, and obstruction.
The primary diagnostic tool that we use is abdominal computed tomography (CT) [4].

The pandemic has had a significant impact on the management of diverticulitis cases,
with delays in seeking medical attention leading to more severe cases upon presentation
to healthcare facilities. This delay can be attributed to various factors, including fear of
contracting COVID-19 in a healthcare setting, limited access to medical resources due to
the overwhelming burden on hospitals, and the reluctance of individuals to seek medi-
cal care for what they perceive as non-emergent conditions. Additionally, the strain on
healthcare systems has resulted in the postponement or cancellation of non-urgent elective
procedures, including colonoscopies, which are crucial in the diagnosis and management
of diverticulitis. As a result, many cases of diverticulitis may have gone undiagnosed or
untreated, leading to an increased risk of rupture and its associated complications [4–6].

Recent studies have suggested a potential link between colitis, diverticulitis, and
COVID-19, indicating that individuals with inflammatory bowel diseases may be at an
increased risk of experiencing more severe symptoms and complications if they contract
the virus. The reasoning behind this correlation lies in the role of the immune system.
Colitis is known to weaken the immune system and predispose individuals to infections.
When faced with the SARS-CoV-2 virus, individuals with colitis may struggle to mount an
effective immune response, leading to a heightened risk of severe illness and complications
associated with COVID-19. Furthermore, patients with colitis often require immunosup-
pressive medications to manage their condition, which could further compromise their
ability to fight off the virus. This highlights the importance of careful management and
monitoring of individuals with colitis during the ongoing COVID-19 pandemic. It is crucial
for healthcare providers to recognize the potential correlation between inflammatory bowel
diseases and COVID-19 and take appropriate measures to protect and support individuals
with colitis, such as prioritizing vaccination, closely monitoring symptoms, and providing
timely medical intervention when necessary [5–7].

The fact is that the exact mechanism has not been determined; however, it appears
that the SARS-CoV-2 virus (COVID-19) primarily targets the respiratory tract through its
affinity for ACE2 receptors. These receptors are also prevalent in intestinal cells, leading to
symptoms affecting both the respiratory and gastrointestinal systems. COVID-19 affects
the bloodstream, causing hyperactivity in platelets and cytokine storms. This can result in
damage to the gut barrier and changes to the gut microbiota. Additionally, intestinal vessel
thrombosis can occur, leading to malabsorption and malnutrition. These negative effects
can increase the severity of the disease and have both short- and long-term consequences,
including gut inflammation and worsening of inflammatory bowel diseases [8,9]. All these
had a significant impact on the management of diverticulitis, leading to an increased risk
of rupture and potentially life-threatening outcomes. It is crucial for individuals to seek
prompt medical attention for symptoms of diverticulitis and for healthcare systems to
prioritize the management of these cases to prevent severe complications.

Management of SBNMD typically includes a combination of conservative and surgical
interventions. The specific treatment approach depends on the rupture’s severity, complica-
tions, and the patient’s overall condition. Every stable patient with localized inflammation
and without any radiologic sign of perforation is treated conservatively with bowel rest and
broad-spectrum IV antibiotics. If the patient does not show clinical improvement within
48–72 h or if generalized peritonitis or perforation is detected, an exploratory laparotomy
may be necessary, which involves small bowel resection with anastomosis [5–7].

Herein, we present three cases of SBNMD. The first case involved a COVID-19-positive
patient with rupture, while the second case was discovered incidentally. The third case
involved recurrence after the first laparoscopic lavage approach. The cases discussed in this
report highlight the need for careful management and monitoring of SBNMD, particularly
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in high-risk patients such as those with COVID-19. Additionally, these cases underscore
the importance of prompt detection and intervention in cases of recurrence. It is hoped that
this report will contribute to the existing body of knowledge regarding the diagnosis and
treatment of SBNMD and, ultimately, lead to better outcomes for patients afflicted with
this condition. In addition, a review with a statistical analysis of all the cases reported in
the past literature, discussing the most common clinical features, was performed. Also, we
proposed the role of laparoscopic surgery as a therapeutic option in disease management.

2. Materials and Methods

A literature review was performed using PubMed, Scopus, and Science Direct. The
search terms employed were “small bowel diverticulosis”, “jejunal diverticulitis”, and
“Ileus diverticulitis”. Since 2010, 352 articles have been published.

Among these, 217 well-documented papers were identified. There were no restrictions
on the ages of the articles included in this review. One hundred eighty-six articles were
in English, while 31 were in other languages. All these studies were carefully studied.
We had only full texts, case reports, and case series articles in the final assessment. We
finally selected 38 articles (41 patients), and a database with the patients’ characteristics
was created and is shown in the Prisma chart below (Scheme 1).

Scheme 1. Prisma chart with studies included in our manuscript.
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The database included sex, age, diverticula location, symptoms, diagnostic methods,
treatment management, and complications. The cases that fulfilled all these seven criteria
were included in the statistical analysis. Three additional cases were added from the clinical
experience of the authors of this article. Thus, a total of 44 patients were included in the
statistical analysis. After obtaining ethical approval and participant consent, personal
data were removed, and all clinical data were collected. In order to ensure that our study
was conducted with the utmost respect for ethical guidelines and research standards, it
was crucial to prepare a CARE checklist (Appendix A). Descriptive statistics were used
to express the results appropriately. Means, medians, and SDs were used for continuous
variables and frequencies for categorical variables. The statistical significance was set at
p < 0.05. The statistical analysis was performed using SPSS version 25 (SPSS Inc., Chicago,
IL, USA).

3. Case Report

3.1. Case 1

A 45-year-old male presented to our emergency department, complaining about
abdominal pain, particularly on the left side, that had been ongoing for 48 h. The clinical
examination revealed abdominal distension and tenderness. The laboratory results showed
a mildly elevated white blood cell count (9.93 × 109/L) and neutrophilia (88%). During the
preoperative examination, it was discovered incidentally that the patient had contracted
COVID-19 infection. An emergency CT scan of the abdomen revealed free air, fluid
collection in the left abdomen, and two small bowel diverticula in the jejunum with local
phlegm (Figure 1a). From the patient’s past medical history, there is no record of diverticula
except experiencing upper gastrointestinal bleeding 11 years ago. Additionally, the patient
had a history of cardiac arrest and a pacemaker implanted 15 years prior.

 
(a) (b) 

Figure 1. (a) Case 1 ruptured jejunum diverticula. (b) Abdominal CT, showing ruptured non-
Meckelian diverticula. In Circle we can see the intraoperative (a) and radiological imaging
(b) ruptured part of diverticula.

Informed written consent was obtained from the patient, and he was taken to the
operating theater for an exploratory laparoscopy, where a ruptured part of the jejunum
was found (Figure 1b). A partial small bowel laparoscopic enterectomy was carried out
with primary side-to-side intracorporeal anastomosis with an endoscopic linear stapler and
PDS 2-0 running suture. The patient was discharged from the surgery without drainages
and received clear fluids in the afternoon after the surgery. He was mobilized six hours
after surgery. Throughout the hospitalization period, he remained stable, and on the third
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postoperative day, he was discharged. The patient followed a fast-track post-operative
protocol (ERAS), which included mobile communication and visits from a specialist nurse.

3.2. Case 2

A 75-year-old male presented to our department due to a rectal tumor of 9 cm from
the anal verge. The patient underwent an operating theater for a scheduled low anterior
resection. During the operation, multiple jejunal diverticula were identified (Figure 2b).
Upon further examination, it was determined that these diverticula were not inflamed,
therefore obviating the necessity for their removal. It is worth noting that no diverticula
were mentioned in the preoperative CT of the abdomen.

  
(a) (b) 

Figure 2. (a) Incidentally identified SBNM diverticula. (b) A ruptured ileum diverticula with
inflammation extension in sigmoid colon.

3.3. Case 3

Upon presentation, a patient aged 46 years complained of acute abdominal pain,
which had persisted for a period of 24 h. The clinical examination revealed abdominal
distension and tenderness. The laboratory results indicated an elevated white blood cell
count of 16.93 × 109/L and neutrophilia of 90%. During a preoperative examination, it
was incidentally discovered that the patient had contracted COVID-19. Subsequently, an
emergency computed tomography (CT) scan of the abdomen revealed the presence of free
air, fluid collection in the left abdomen, and diverticula in the sigmoid colon with local
phlegm (as depicted in Figure 1a). The patient had no significant medical history prior
to this incident. In order to investigate the condition further, the patient underwent an
investigative laparoscopy in the operating theater. During the procedure, it was observed
that there was no presence of fecal content. However, a purulent collection was identified
and subsequently drained. Further investigation revealed a small rupture in the ileum di-
verticula, which was repaired using laparoscopic suturing. It is noteworthy that the rupture
was not found in the sigmoid colon. This was followed by laparoscopic lavage and drains
placement. The postoperative theater was uneventful. Following surgical intervention, the
patient in question received a regimen of antibiotics, specifically meropenem and metron-
idazole. Despite this treatment, on the third day post-surgery, the patient presented with a
fever of 39.1 ◦C and leukocytosis (27 × 109/L). Consequently, an exploratory laparoscopy
procedure was conducted, ultimately exposing a substantial intra-abdominal collection.
Following laparoscopic lavage, we determined that the inflamed section of the ileum re-
quired an enterectomy and side-to-side anastomosis. Furthermore, the inflammation had
significantly corroded the walls of the sigmoid colon, necessitating a partial sigmoidectomy
with a hand-sewn end-to-end anastomosis (Figure 2b). The patient was administered clear
fluids on the first postoperative day and was mobilized just twelve hours after surgery.
Throughout their hospitalization, the patient remained stable and was discharged on the
fifth postoperative day after the second surgery.
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4. Results

After conducting a literature review, we determined the characteristics of jejunal
diverticula based on various factors, including sex, age, length, location of the divertic-
ula, significant symptoms, type of procedure, survival rates, and potential complications
categorized by Clavien–Dindo classification [2,4–7,10–44].

Regarding sex, 63.63% were male (28 patients), whereas 36.37% were female (16 patients).
The ratio between males and females was 2:1, suggesting a male predominance in the
reported population. Our database is shown below (Table 1).

Table 1. Diverticula cases publication.

Year Author Disease Location Cases Age/Gender Treatment

2017 Marcano Jejunal 1 71/male Conservative

2019 Almaki Jejunal 1 65/Male Open Surgery

2019 Aispuro Jejunal 1 86/Male Open Surgery

2019 Saritas Jejunal 2 36/Female Open surgery

Ileus 75/Female Open surgery

2020 Ghandour Jejunal 3 71/Male Open Surgery

Jejunal 69/Male Open Surgery

Jejunal 55/Male Conservative

2020 Kunishi Jejunal 1 41/Male Conservative

2020 Leigh Jejunal 1 59/Male Open Surgery

2020 Ramzee Jejunal 1 69/Male Open Surgery

2020 Sammartino Jejunal 1 91/Male Open Surgery

2020 Yeung Jejunal 1 83/Male Open Surgery

2021 Alyekbeni Jejunal 1 70/Male Conservative

2021 Anjum Jejunal 1 70/Male Open Surgery

2021 Chung Jejunal 1 69/Female Open Surgery

2021 Duggan Jejunal 1 78/Male Open Surgery

2021 Giufrida Jejunal 1 54/Female Open Surgery

2021 Hardon Jejunal 1 37/Female Open Surgery

2021 Khsiba Jejunal 1 76/Female Conservative

2021 Kim Jejunal 1 65/Female Conservative

2021 Mendo Ileus 1 73/Male Open Surgery

2021 Rajaguru Ileus 1 74/Male Open Surgery

2021 Vayzband Jejunal 1 71/Male Open Surgery

2021 Watanabe Distal Jejunal 1 72/Male Open Surgery

2022 Abdelohamil Jejunal 1 69/Female Open Surgery

2022 Beti Jejunal 1 83/Male Open Surgery

2022 Coelen Jejunal 1 85/Male Open Surgery

2022 Eifanagely Jejunal 1 79/Female Conservative

2022 Glasser Ileus 1 57/Male Open Surgery

2022 Imasato Jejunal 1 76/Female Open Surgery

2022 Karna Jejunal 1 89/Female Embolization

2022 Lutaya Jejunal 1 89/Female Open Surgery

2022 Massoir Jejunal 1 84/Female Open Surgery

2022 Matli Jejunal 1 41/Male Conservative

2022 Scheesee Jejunal 1 85/Male Open Surgery

2022 Pajtak Jejunal 1 88/Female Open Surgery

2022 Prough Jejunal 1 65/Male Open Surgery

2022 Waiter Ileus 1 59/Male Open Surgery
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Based on our database (Table 1), it appears that diverticula are typically found in
the jejunum, as illustrated in Figure 3 (31 patients, 70.45%), with only 9 patients with
diverticula found in the proximal ileus (20.45%) and 4 patients with diverticula in the distal
ileus (9.09%).

Figure 3. SMNMD localization.

The age distribution is shown in Figure 4, from which it is concluded that jejunum
diverticula most frequently appeared in the age ranges of 64–72, 73–81, and 82–91 years.
The median age of the 44 cases (100%) was 71 ± 14.40 years, ranging from 36 to 91 years.
The distribution of age among male and female patients was compared, and it was found
that the age at which the tumor appeared did not differ statistically between males and
females (70.12 ± 13.27 and 70 ± 15.99 years, respectively; p = 0.98).
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Figure 4. Age distribution.

The symptoms of SBNMD were also evaluated and are shown in Figure 5. Symptoms
were characterized as inflammatory without rupture (1) (16 patients, 36.36%), perforation
(2) (19 patients, 43.18%), bleeding (3) (1 patient, 2.27%), (4) obstruction (6 patients, 13.63%),
and non-specific/random (5) (2 patients, 4.54%).
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Figure 5. Diverticula symptoms.

Out of 44 patients, only 8 (18.18%) received conservative treatment, while the majority
(35 patients, 79.54%) required surgical intervention. Diverticula were discovered acciden-
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tally in two patients (4.54%) without signs of inflammation, and no interventions were
performed. Of the 44 patients under study, open laparotomy was performed on 33 (75.01%)
patients. Conversely, laparoscopic surgery was conducted on only three (6.81%) patients,
while the remaining eight patients (18.18%) received conservative care. This indicated
that the majority of patients preferred open laparotomy over the laparoscopic approach.
The findings underscore the need for further investigation to determine the factors that
contribute to patient preferences for open laparotomy and whether laparoscopic surgery is
a viable alternative for patients undergoing the procedure.

The median hospitalization was 7 ± 2.37 days, ranging from 3 to 16 days, depending
on the treatment option. Hospitalization periods were found to be prolonged for patients
who underwent open surgery or were treated using conservative methods.

In order to standardize the complications of our study we use Clavien–Dindo clas-
sification, which is a widely used system to categorize surgical complications based on
their severity and the treatment required to address them. In accordance with the uti-
lized classification system, it was determined that a total of 29 patients (65.90%) did not
necessitate pharmacological, surgical, endoscopic, or radiological interventions (Clavien–
Dindo I). Conversely, 12 patients (27.27%) received antibiotic care and parental nutrition
(Clavien–Dindo II). Further, two patients (4.54%) required additional surgical procedures
(Clavien–Dindo IIIb), while regrettably, a single patient (2.27%) succumbed to their illness
during the post-operative period (Clavien–Dindo V).

5. Discussion

Jejuno-ileal diverticulitis, a condition involving inflammation of the diverticula in the
small intestine, was initially identified by Sommering in 1794 and further researched by Sir
Astley Cooper in 1804 [1]. Due to its low prevalence, there have been only a few reported
cases since then. The pathophysiology still needs to be fully understood. These are false
diverticula of the small intestine, similar to colonic diverticula, where the mucosa and
submucosa protrude through the muscular wall. We assume that an elevated intraluminal
pressure combined with bowel wall weakness causes these cases. While they are usually
asymptomatic, they can lead to life-threatening outcomes when complicated [2,5,8,11].

In the case of uncomplicated SBNMDs, no specific symptoms can lead to the diagnosis.
These patients usually complain of abdominal pain, which sometimes radiates in the back,
nausea, emesis, fever, and constipation. Due to the greater frequency in the older adult
population, where many other health issues or previous surgical history can co-exist, the
diagnosis could be challenging [2,5,7,27–34].

Numerous reports have emerged during the COVID-19 period regarding inflammation
and bowel ruptures. This is a matter of concern, and we should examine these reports
closely to determine the root cause of such incidents and identify measures to mitigate
them in the future. Several scientific investigations have highlighted a decline in the
number of visits related to diverticular disease during the COVID-19 pandemic. The
reduction in visits can be attributed to various factors, including the implementation of
social distancing measures, fear of contracting the virus, and limited access to healthcare
facilities. However, despite the decrease in overall visits, there has been a significant
increase in the prevalence of severe cases. This trend is likely due to a delay in presentation
as patients may be reluctant to seek medical attention due to concerns about exposure
to the virus. Additionally, there are still instances of COVID-19 patients experiencing
a worsening of their diverticular disease, which may be attributed to the effect of the
virus on the immune system. Therefore, it is crucial to raise awareness about the risks
of delaying medical care and to encourage patients to seek timely treatment to avoid
potentially life-threatening complications [35–37].

In some studies, it seems that gut enterocytes have been determined to be significant
targets of the COVID-19 virus. The virus can enter the cells of the ileum, colon, and
esophagus by using Angiotensin-converting enzyme 2 receptors and transmembrane
serine protease 2 (TMPRSS2) as a mediator [8,9]. This can lead to gut inflammation and
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exacerbation of inflammatory bowel diseases, causing negative effects that can worsen the
disease severity in both the short and the long term [9].

A comprehensive patient history must be obtained to rule out other conditions such
as appendicitis, cholecystitis, colonic diverticulitis, pancreatitis, bowel obstruction, or
foreign body perforation [3,4,8–20,24,34]. An abdominal X-ray can help detect perforation
or obstruction but cannot establish a diagnosis on its own. The surgeon must maintain a
heightened level of suspicion to ensure the procedure’s accuracy and safety. This involves
being vigilant and attentive to any potential risks or complications that may arise during
the surgery.

Currently, the gold standard imaging study for abdominal scans still involves using
CT scans with both oral and intravenous contrast. Due to the rarity of the disease, there
are instances in the literature where the diagnosis was not clearly established before the
exploratory intervention but only during exploratory laparoscopy. In our cases, the preop-
erative CT scan was exact for the site and the number of the ill-defined diverticula [28–44].

As mentioned before, inflammation is the most common complication, followed by
perforation. First-line treatment for uncomplicated cases involves IV antibiotics and bowel
rest strategies. An annual monitoring protocol, including a clinical examination and CT
scan of the abdomen, is necessary in case of accidental detection. Prior history-based
clinical suspicion is also important [4,28,35,44–49].

Surgical intervention must be undertaken without delay in cases of sepsis, instability,
or severe comorbidities following perforation. These complications could be severe and
lead to serious difficulties if not addressed promptly. The type of procedure (open or
laparoscopic) does not seem to play an important role and appears to be determined
by the surgeon’s preference and center experience. If a patient has a good performance
status, surgeons could perform an exploratory laparoscopy and proceed with a conversion
procedure (laparotomy) if needed. The length of the bowel resection is also a matter of
discussion. There are cases in the literature where the extreme length of bowel disease does
not make wide resection feasible [40,47–51]. Most surgeons resect only the complicated
diverticular disease and leave the uncomplicated diverticula behind. Based on summarized
publications, we create an algorithm in order to manage jejunum diverticulum (Figure 6).

Figure 6. Suggested strategy of SBNMD treatment.

According to our algorithm, in the first case, the patient was hemodynamically stable
but had comorbidities (ASA3). The CT scan revealed free abdominal air caused by the
perforation of one of two jejunal diverticula. The decision was made to perform surgery
on the patient without delay. An exploratory laparoscopy was our first choice, while
laparoscopic lavage is seen as an acceptable and safe alternative in selected patients [49].
The patient had no previous abdominal operations and no neglected fasciitis. We recognized
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the phlegmon and the two complicated diverticula at about 10 cm from each other. An
enterectomy was performed with primary anastomosis. The specimen was about 15 cm
long, so there was no risk of intestinal failure and small bowel syndrome disease (SBS).

In the second case of accidental detection, we decided on an annual monitoring
protocol with clinical examination and CT of the abdomen.

The complexity of our last case was amplified by the dearth of literature available
on the subject. While laparoscopic lavage is generally recognized as the gold standard
procedure for managing perforated colon diverticulitis, its suitability as a similarly effective
and secure option for addressing small bowel diverticula rupture is not yet established.
Further research is required to establish the efficacy of laparoscopic lavage in the treatment
of these cases. Based on our case and the limited literature on small bowel diverticula, it
appears that segmental limited resection with primary anastomosis may be the singular
viable option if surgical intervention is necessary.

In both case 2 and case 3, small bowel diverticula were misdiagnosed. These diver-
ticula can be misdiagnosed in radiological examinations due to their small size and the
potential for overlap with other structures in the abdomen. One common misdiagnosis
of small bowel diverticula is that they are mistaken for small bowel tumors. Due to their
similar appearance on imaging studies, such as CT scans and MRIs, small bowel divertic-
ula can be mistakenly identified as tumors, leading to unnecessary biopsies or surgeries.
Another potential misdiagnosis is that small bowel diverticula can be overlooked entirely.
These tiny pouches may not be easily visible on imaging studies, especially if they are
located in obscure areas of the small intestine or if there is poor distention of the bowel
during the study. As a result, these diverticula may be missed or dismissed as insignifi-
cant findings [48–51]. The accurate diagnosis of small bowel diverticula on radiological
examinations can pose a significant challenge to clinicians. As a result, it is imperative for
radiologists to remain cognizant of the potential for a misdiagnosis and to meticulously
evaluate any small bowel abnormality to ensure that the correct diagnosis is made and
appropriate management is administered to the patient. Thus, it is vital for healthcare
providers to exercise due diligence and maintain a high level of vigilance when assessing
patients with suspected small bowel diverticula [51].

Furthermore, small bowel diverticula can mimic other conditions such as small bowel
obstruction or inflammatory bowel disease. This can lead to a delay in the appropriate
diagnosis and treatment of the patient.

6. Conclusions

Small bowel diverticula are uncommon but significant medical conditions that require
careful monitoring and management. While they may often be asymptomatic, they can
lead to serious complications such as bleeding, obstruction, and perforation. Therefore,
it is important for surgeons to consider small bowel diverticula as a potential cause of
abdominal pain and gastrointestinal symptoms, especially in older patients and in the era
of COVID-19.

As we already discussed, the diagnosis of small bowel diverticula can be challenging
as they may not always be detected on routine imaging studies. However, advances in
imaging technology, such as CT enterography and capsule endoscopy, have improved
our ability to identify and characterize these lesions. This, in turn, has led to better
understanding of their clinical significance and the potential for intervention.

While surgical intervention has been the traditional treatment approach, further ad-
vancement in diagnostic tools may offer less invasive and potentially more effective op-
tions. For uncomplicated cases, the management of small bowel diverticula typically
involves a combination of dietary modification, symptom control, and surveillance for
potential complications.

Strong evidence-based guidelines are needed to guide clinicians in the diagnosis,
management, and follow-up of patients with SBNMD. Improving our understanding of
this rare condition will lead to better outcomes and quality of life for our patients.
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Abstract: The potentially fatal COVID-19 pandemic has been associated with a largespectrum of
clinical presentations. Beyond the classical pulmonary manifestations, gastrointestinal tract-related
symptoms suchas nausea, diarrhea, abdominal distention and pain have been observed in patients,
as a consequence of the binding of SARS-CoV-19 to Angiotensin-converting Enzyme 2 (ACE2)
receptors in the gastrointestinal (GI) tract. The early recognition ofspecific imaging features, including
hepatobiliary involvement, pancreatic involvement, development of solid organ infarcts, ischemic
bowel changes and vascular occlusion, plays a key role through the course of the disease. Also,
suspicious symptoms, especially in critically ill patients with clinical and biochemical markers of
hypovolemia, necessitate timely imaging for bleeding complications. The aim of this pictorial review
is to illustrate the spectrum of the GIimaging findings in patients with COVID-19. Awareness of
diagnostic imaging hallmarks is crucial to optimize the management of these patients.

Keywords: COVID-19; abdominal; gastrointestinal; CT/CTA; pancreatitis; colitis cholecystitis;
pancreatitis; bleeding

1. Introduction

Since December 2019, the world has observed the appearance and spread of SARS-
CoV-19, a novel coronavirus that causes a severe respiratory syndrome (COVID-19) and
its disastrous impact on global health [1,2]. COVID-19 was declared as a pandemic on
March 11, 2020 by the World Health Organization (WHO), and since then millions of
people worldwide have been affected. As of May 2023, more than six million deaths have
been confirmed.

Although in the majority of cases, the disease manifests with respiratory symptoms
such as cough, fever and dyspnea, its extra-pulmonary manifestations are being increasingly
acknowledged [3] Specifically, the incidence of GI manifestations such as abdominal pain,
nausea or diarrhea has ranged from 12% to as much as 61% in patients with COVID-19.
Moreover, some patients might present only with GI symptoms, hindering diagnosis. Fur-
thermore, it has been noted that patients presenting with GI symptoms tend to progress
more to a severe form of disease with poor outcomes [4–6]. As it is well documented that
SARS-CoV-19 uses ACE-2 receptors to enter human cells, this receptor is found to be ex-
pressed not only in pulmonary epithelial cells but also in gastrointestinal and hepatobiliary
cells, explaining the GI involvement [7,8]. Despite the broad recognition of respiratory
imaging findings, until now few studies have been published about abdominal radiological
presentation of patients with COVID-19 [9,10].

Taking into consideration the high possibility of GI tract involvement, it is crucial
for radiologists to be aware of the variety of abdominal imaging findings in patients
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with COVID-19, as early recognition can aid the diagnosis in patients with nonspecific,
atypical symptoms.

2. Materials and Methods

The aim of this study is to share our experience and present the imaging findings of
GI manifestations that can be noted in patients with COVID 19.

The authors executed a retrospective study from our hospital archives starting from
February 2020, when the first COVID-19 patient was admitted in our hospital, until 31
December of 2022. Six of the authors searched the institutional databases of COVID-19
patients who underwent abdominal CT. Confirmed COVID-19 patients who presented with
abdominal signs and symptoms were included in the study. A dedicated 16-slice SIEMENS
EMOTION CT scanner was used for confirmed COVID-19 cases. The final study population
was 84 patients. Simultaneously, a search of the published literature was conducted on
PubMed using suitable key words (e.g., COVID-19, abdominal manifestations, CT, imaging,
and gastrointestinal).

2.1. Colon Manifestations

The bowel is the most commonly involved abdominal organ in COVID-19 patients.
Frequent abdominal imaging features include intestinal imaging findings (24%), including
colorectal (5%) and small bowel thickening (12%), intestinal distension (18%), pneumatosis
and intestinal perforation [11]. Bhayana R. et al. observed [9] similar bowel-wall abnormal-
ities in 31% of CT images in patients in the Intensive Care Unit (ICU). Common indications
for CT evaluation include abdominal pain or distention, hematochezia and nausea [3]. It is
important to note that the presence of bowel abnormalities predict worse prognosis and
increased clinical severity.

ACE 2 receptors are located in gastrointestinal cells (enterocytes and vascular cells)
and can interpret the bowel manifestations of the virus, specifically the inflammatory
bowel manifestations and ischemic bowel alterations. This is supported by the detection
of SARS-CoV-19 virus in feces samples [4,12]. Infection of the GI tract epithelial cells is
followed by an inflammatory response and a cytokine release.

A large bowel infection usually appears with diffuse circumferential and enhancing
wall thickening (hyperenhancement) that can involve one or more segments of the colon
(Figures 1 and 2). Pericolic fluid or perintestinal fat stranding is common while pericolic
lymphadenopathy is not (Figures 3 and 4). If we suspect COVID-19-related colitis, clinical
correlation is needed, and the detection of the virus in stools can establish the diagnosis.

It is very important to suspect and diagnose patients presenting acute mesenteric
ischemia (AMI) or perforation of the bowel [13]. It is well documented that critically ill
COVID-19 patients are at risk for thrombosis or bleeding [14].

AMI, is associated with severe symptoms, a worsening systemic status and high
morbidity and mortality. Imaging has a crucial role in its detection and is the cornerstone of
diagnosis [15]. An ultrasound is nonspecific with low sensitivity but may reveal decreased
peristalsis and intraluminal content that indicate stasis.

CT angiography remains the pillar for detection of signs of ischemia [16]. Filling
defects that represent emboli or thrombi within the lumen of the abdominal aorta and
its branches are major findings along with hypoenhancement of the mesenteric vascular
arcade and decreased contrast enhancement of the bowel wall that indicates hypoperfusion.
In some cases, a target appearance of the bowel wall, representing mucosal hyperemia
with adjacent mural edema, can be depicted in ischemic colitis. The affected segment
appears with thickened bowel walls, and it may be pictured as fluid-filled due to disruption
of peristalsis [17]. Additional findings are porto-mesenteric venous gas, pneumatosis
intestinalis and pneumoperitoneum [18,19]. In a later phase, the bowel wall is thinned due
to loss of normal tone.
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Figure 1. COVID-19 (+) hospitalized 75-year-old male patient with abdominal pain and diarrhea.
Abdominal Contrast Enhanced CT (CECT) depicted bowel wall thickening ((a), thick arrow) and
mesenteric fat stranding ((b), thin arrow). The imaging findings are indicative of inflammatory colitis.

 

Figure 2. COVID-19 (+) 68-year-old patient with a long hospital stay was subjected to an abdominal
CECT for acute abdominal pain, which showed colonic wall thickening ((a), thick arrow) and adjacent
fat stranding ((b), thin arrow).
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Figure 3. 55-year-old male patient with COVID-19 pneumonia with right lower quadrant pain. CT on
admission demonstrating a thickened appendix and proximal fat stranding (yellow arrow), indicating
acute appendicitis.

 
Figure 4. A 48-year-old female patient with COVID-19 pneumonia and no other comorbidities. CT
scan depicted a thickened cecum with proximal fat stranding (yellow arrow).
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2.2. Small Intestine Manifestations

When COVID-19 affects the small intestine, it can cause a range of symptoms, includ-
ing diarrhea, abdominal pain and vomiting, in both adults and children [20].

One study published in the Journal of Medical Virology examined the fecal samples
of COVID-19 patients and found that the virus was present in the samples of 23 out
of 29 patients, indicating that SARS-CoV-19 can be transmitted via the fecal–oral route.
Additionally, the virus was present in higher amounts in patients with gastrointestinal
symptoms, such as diarrhea and nausea [21].

Another study found that nearly half of COVID-19 patients had gastrointestinal
symptoms, such as diarrhea, nausea and vomiting. Those patients experienced a longer
duration of illness compared to those without digestive symptoms [22].

The exact mechanisms by which COVID-19 affects the small intestine are still not fully
understood, but it is thought that the virus may directly infect the intestinal cells or that it
may cause an inflammatory response that affects the gut. Additionally, some patients may
experience a dysregulated immune response, which can also contribute to small bowel
manifestations, including inflammation, mucosal injury and microthrombi formation [23].

Several studies have investigated the CT findings associated with small intestine
involvement. In the CT scans of 149 COVID-19 patients, nearly 20% were indicative
of small intestine involvement, with wall thickening, luminal dilatation and mucosal
enhancement, especially in severe cases associated with worse outcomes (Figure 5) [22].

 

Figure 5. 59-year-old female patient with severe COVID-19 pneumonia hospitalized in the ICU. CT
demonstrating distended large bowel with hyperenhanced walls and free abdominal fluid (shock
bowel)—yellow arrow. Note the concomitant subcutaneous edema.

Bhayana et al. found that 29% of CTs showed bowel wall thickening involving the
colon or small bowel, such as findings of ischemia with pneumatosis or portal venous gas
and bowel perforation and a fluid-filled colon in 43% of patients, suggestive of diarrhea.
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In addition to small bowel abnormalities, (Figure 6) CT imaging has also shown evidence
of mesenteric lymphadenopathy, with mesenteric lymph node enlargement and increased
enhancement in 22% of patients [9].

 

Figure 6. 85-year old-patient with small bowel ileus (fluid filled loops—yellow arrow) at the 4th day
of hospitalization.

However, as these findings are not specific, CT findings must be correlated with
clinical and laboratory data to confirm a COVID-19 diagnosis.

2.3. Hepato-Biliary Involvement

ACE2 receptors are found in many organs including the liver and biliary system, thus
giving the opportunity for a local inflammation of these organs [24].

The hepatobiliary involvement in patients with COVID-19 infection and the abdominal
imaging findings in those patients represent an interesting topic for further investigation.

One of the most common imaging findings in CT examinations of COVID-19 patients
with hepatobiliary dysfunction (both in the literature and in our series) is hepatomegaly
with or without a diffuse decrease in liver/spleen attenuation ratio. This can be due
to liver injury due to the virus, pre-existing comorbidities (obesity, nonalcoholic fatty
liver, and hepatitis) or as a result of hospitalization (parenteral nutrition and hepatotoxic
drugs) [25,26].

In severe cases of COVID-19 infection, mostly in patients in ICU, a heterogenicity
and mosaic pattern of the liver parenchyma is seen, combined with periportal edema and
a contrast reflux in dilated hepatic veins indicating liver congestion due to hypoxia and
cardiac failure [25].

Biliary imaging findings are also encountered in patients with COVID-19 infection. In
our institution, many patients presented with right quadrant pain and nausea/vomiting
after a meal. In ultrasound and CT examinations, the findings included gallbladder dis-
tention, wall thickening and mural edema, pericholecystic fluid and inflammatory fat
stranding with calculi and/or sludge (Figures 7 and 8).
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Figure 7. A 69-year-old man with COVID-19 presented a positive Murphy sign. Ultrasound images
showed gallbladder wall striation and increased thickness ((b)-arrowheads). The Color Doppler tech-
nique revealed hyperemia (a). No gallbladder stones were present indicating acalculous cholecystitis.

 

Figure 8. A 90-year-old COVID-19 patient presented acute right quadrant abdominal pain and cholesta-
sis. Computed tomography on the axial (a) and coronal (b) plane showed acute cholecystitis with diffuse
thickening of the gallbladder wall and pericholecystic fluid (arrowheads). Disruption of the gallbladder
wall (arrow) is also present with fluid collection around the liver indicating perforation.

Less frequently, acalculous cholecystitis with sludge is seen in patients in the ICU,
indicating cholestasis due to parenteral nutrition and/ or systemic inflammation [27,28].
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2.4. Pancreatic Involvement

The data on pancreatic involvement during SARS-CoV-19 infection are limited. The
frequency and severity of pancreatic damage and acute pancreatitis (AP) and its patho-
physiology are still being studied.

AP is usually caused by increased alcohol consumption and gallstones. However, in
10%–20% of cases, an etiological factor cannot be identified [29]. A number of infectious
agents, such as Coxsackie B virus and hepatitis A virus, infect the pancreas [30]. Radi-
ology and imaging findings play a vital role mainly in the detection and follow up of
complications of AP [30].

According to the revised Atlanta classification, the diagnosis of AP requires two of the
following: (a) typical abdominal pain, (b) a serum lipase level (or amylase) at least three
times greater than the upper normal limit and (c) characteristic imaging findings on CT,
MRI or ultrasonography [31].

A study performed in pigeons with severe pancreatitis has managed to isolate COVID-
19 or a Coronavirus-like virus, but no similar studies have been conducted in humans [32].
SARS-COV-19 uses ACE-2 receptors to enter pancreatic ductal cells [33], a fact that could
explain the infection of the gland. Another possible way to induce the pancreatic injury is
the caused cytokine storm, which produces pancreatic inflammation and an uncontrolled
inflammatory immune systemic response caused by COVID-19. Finally, another important
cause is the drug-induced pancreatic injury from antivirals, non-steroidal anti-inflammatory
drugs (NSAIDs), tocilizumab and baricitinib, which belong to the approved treatment of
COVID-19 [4].

Amylase and lipase elevation has been reported in 8.5–17.3% of patients with COVID-
19. However, those enzymes are also increased in other gastrointestinal diseases, such as
gastritis and colitis that have also been reported in COVID-19 patients. A meta-analysis
of patients with COVID-19 showed that 18% had gastrointestinal symptoms and raised
pancreatic enzymes could not be directly associated with pancreatitis [34]. Furthermore,
kidneys play a major role in the clearance of both amylase and lipase, and their insufficiency
could result in the elevation of these enzymes [35]. It has been proved that COVID-19
can infect insulin-producing cells in the pancreas and change their function, potentially
explaining the high privilege of diabetes in previously healthy individuals [36].

The temporal relationship between the onset of COVID-19 infection and inflamma-
tion of the pancreas has not been clearly established. Some patients develop COVID-19
symptoms and abdominal pain when the infection begins, whereas others present with AP
several days after COVID-19 diagnosis (Figure 9) [37].

A study of 52 patients with COVID-19 pneumonia showed that there was a 17%
incidence of pancreatic injury. Kumar V. et al. studied patients with acute pancreatitis and
COVID-19 infection and found that half of them developed AP after a median of 22.5 days
from the onset of respiratory symptoms, while the rest of them were admitted for abdominal
pain [38] Another systematic review, including overall 37 patients, summarized that AP
might be the first symptom of COVID-19 [39]. In addition, COVID-19 may negatively
influence the morbidity and mortality linked with AP [40].

Finally, it should be noted that after the COVID-19 pandemic, pancreatic cancer and
metastases rates have been dramatically raised, as there was a temporary cessation of
screening during the pandemic. Less than 25% of patients had regular availability of
diagnostic and staging tools, while 20% were unable to perform surgery [41].
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Figure 9. 81-year-old patient with COVID-19 pneumonia developed epigastric pain at the second day
of hospitalization. CT demonstrating acute pancreatitis (yellow arrow).

2.5. Thromboembolic Complications

Systemic coagulopathy is common in COVID-19 patients with severe pneumonia [42].
Despite the limited available data, many thrombotic manifestations regarding the ab-

dominal vessels have been documented in cases of COVID-19 inpatients. The CT depiction
frequency is highly dependent on the performed protocol, which is usually unenhanced or
contains only a portal venous phase. Only in a few cases the image acquisition is accom-
plished through an abdominal multiphase CT angiogram. Consequently, thromboembolic
events regarding the arterial abdominal branches are scarcely reported, opposed to venous
thrombi, possibly due to underdiagnosis [43].

In many cases we can only depict indirect findings due to the small vessel thrombotic
nature of the disease, a phenomenon that could also be related to hospitalization or comor-
bidities [11]. When it comes to microvasculature, both arteries and veins are affected [44].
An interesting fact is that in an accountable percentage of the arterial thrombi, the affected
vessels did not have any atherosclerotic alterations, suggesting that COVID-19 was the
generating factor of the thrombus [45].

Solid abdominal organs infarcts have been documented during imaging protocols
performed for pulmonary embolism detection, especially in patients with elevation of the
D-dimers. Apart from those cases, renal infarcts were reported in scans performed for
vague abdominal pain or due to acute kidney failure [45].

Fewer reports about splenic infracts in COVID-19 patients also come from thoracic
scans with abdominal extension [46].

A single-center small retrospective study reported in COVID-19 patients 15 cases
of acute aortic thrombosis, splenic artery thrombosis (associated with splenic infraction),
superior mesenteric and renal artery thrombosis such as a celiac and an internal iliac
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thrombosis. An interesting part was a patient with infrarenal aortic wall inflammation and
focal dissection, while many venous thromboses have been described (affecting the portal
vein, inferior, superior mesenteric, renal, ovarian vein and inferior vena cava). Reports of
indirect findings of the splanchnic branch venous occlusion described bowel wall severe
edema, hyperenhancement or severe hypoenhancement, associated mesenteric and portal
intravenous gas, bowel pneumatosis and pneumoperitoneum (Figure 10) [47]. Bari Dane
et al. published a case of a simultaneous nonocclusive aortic, celiac and superior mesenteric
artery thrombus combined with a complete common hepatic artery thrombus [48].

 

Figure 10. 56-year-old hospitalized male patient with COVID-19 pneumonia with raised level of
d-dimers. CT depicting the thrombosed portal vein (yellow arrow). Note that in the same scan, there
is extended small bowel thickening with mesenteric free fluid.

Those findings are in accordance with reports of bowel pneumatosis as a thrombotic
event outcome [49], while many case reports and large case series demonstrate major
abdominal—both arterial and venous—thrombosis in COVID-19 patients. In fact, many
patients suffer from thrombotic occlusion despite prophylaxis or even the full-dose antico-
agulation therapy supporting evidence of COVID-19 direct endothelial injury [50].

2.6. Bleeding Manifestations

Bleeding in patients with COVID-19 can be the result of pre-existing risks factors,
antithrombotic drugs and a massive immune response to the virus, [51]. A common bleed-
ing complication is abdominal hematomas, usually of the Iliopsoas and rectus abdominis
muscle [51,52]. The role of a CT scan is major in both the diagnosis and treatment of these
entities. They are usually seen as muscle enlargement with increased densities, blood-fluid
level and possibly extravasation of contrast. When it comes to the GI tract, upper GI is the
most common site of bleeding followed by the lower GI [53,54].

A potential pathogenic route is through the binding of the virus with Angiotensin
Converting Enzyme-2 expressed in gastrointestinal epithelial cells [55].

Underlying mucosal lesions in the GI (ulcers and vascular abnormalities) and prophy-
lactic/therapeutic anticoagulant therapy should be considered and further investigated.

GI hemorrhage is less commonly encountered in abdominal imaging, and CT findings
include active intraluminal extravasation of contrast and indirect signs such as luminal
distention with blood clots (Figure 11) [56].
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Figure 11. A 75-year-old intubated patient with COVID-19 presented with hematemesis, hypotension
and acute drop of hemoglobin level. Computed Tomography revealed active intraluminal extravasa-
tion of contrast into the 2nd part of duodenum (arrow) on arterial phase (a). Further pooling of the
contrast (arrowhead) is shown on portal phase (b).

Imaging is additionally significant to the treatment plan by identifying the exact site
and extent of the bleeding as well as offering a precise and minimally invasive treatment
option. Digital Subtraction Angiography can confirm the active bleeding seen as a “contrast
blush”, detect the responsible branch and provide occlusion via selective embolization.

3. Results

In our institution, 84 COVID-19 patients underwent abdominal CT imaging studies
displaying positive GI imaging findings. The study population included 43 males and
41 females. The oldest patient was 90 years old, and the youngest patient was 18 years old.
Fourteen patients were admitted to the ICU, and in total 26 patients died.

The most frequent indications for abdominal CT were abdominal pain and abdominal
distention. The majority of the patients presented elevated levels of liver enzymes and C
reactive protein.

The most frequent comorbidities included hypertension, heart disease, dyslipidemia,
diabetes mellitus, obesity and cancer. Also, a patient with kidney transplant was included.

The most common imaging findings concerned the small intestine and colon. Bowel
wall thickening was noted in 25 patients (22 of them in colorectal area and the rest in
small bowel) accompanied with pericolic fluid (6 patients), submucosal edema (6 patients)
or intestinal perforation (2 patients). Furthermore, thrombosis of SMA was noted in
one patient.

Hepatobiliary manifestations were also common with 22 patients presenting liver
steatosis, 3 patients suffering from acute cholecystitis and 24 patients in total presenting
biliary sludge and/or gallstones.

Seven patients experienced pancreatitis during their hospitalization.
In our institution, we are in concordance with the few publications about the abdomi-

nal manifestations of COVID-19. It was not our intention to present a statistical analysis
of our findings but to expound upon the plethora of imaging findings in regard to the
digestive system involvement.

In the future, a more extensive study and analysis should take place, in collaboration
with other tertiary referral centers, using a bigger sample.
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4. Conclusions

COVID-19 is a multi-organ disease, and GI manifestation might be noted at the time
of diagnosis or later in the course of the disease. The presence of GI manifestations is
associated with increased clinical severity and poor outcome. Therefore, it is pivotal for
radiologists to be aware of related imaging findings to aid diagnosis and appropriate
management.
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Nartowicz, H. Bleeding into the Abdominal and Ilio-Lumbar Muscles—A Rare Complication in the Course of COVID-19: Analysis
of Four Cases and a Literature Review. J. Clin. Med. 2022, 11, 4712. [CrossRef] [PubMed]

53. Ashktorab, H.; Russo, T.; Oskrochi, G.; Latella, G.; Massironi, S.; Luca, M.; Chirumamilla, L.G.; Laiyemo, A.O.; Brim, H. Clinical
and Endoscopic Outcomes in COVID-19 Patients with Gastrointestinal Bleeding. Gastro Help Adv. 2022, 1, 487–499. [CrossRef]
[PubMed]

54. Martin, T.A.; Wan, D.W.; Hajifathalian, K.; Tewani, S.; Shah, S.L.; Mehta, A.; Kaplan, A.; Ghosh, G.; Choi, A.J.; Krisko, T.I.;
et al. Gastrointestinal Bleeding in Patients With Coronavirus Disease 2019: A Matched Case-Control Study. Am. J. Gastroenterol.
2020, 115, 1609–1616. [CrossRef] [PubMed]

55. Mohamed, M.; Nassar, M.; Nso, N.; Alfishawy, M. Massive gastrointestinal bleeding in a patient with COVID-19.
Arab. J. Gastroenterol. 2021, 22, 177. [CrossRef]

56. Abdelmohsen, M.A.; Alkandari, B.M.; Gupta, V.K.; Elsebaie, N. Gastrointestinal tract imaging findings in confirmed COVID-19
patients: A non-comparative observational study. Egypt. J. Radiol. Nucl. Med. 2021, 52, 52. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

45



Citation: Bucurica, S.; Ionita Radu, F.;

Bucurica, A.; Socol, C.; Prodan, I.;

Tudor, I.; Sirbu, C.A.; Plesa, F.C.;

Jinga, M. Risk of New-Onset Liver

Injuries Due to COVID-19 in

Preexisting Hepatic

Conditions—Review of the

Literature. Medicina 2023, 59, 62.

https://doi.org/10.3390/

medicina59010062

Academic Editor: Daniel

Paramythiotis and Eleni Karlafti

Received: 30 November 2022

Revised: 21 December 2022

Accepted: 23 December 2022

Published: 28 December 2022

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

medicina

Review

Risk of New-Onset Liver Injuries Due to COVID-19 in
Preexisting Hepatic Conditions—Review of the Literature

Sandica Bucurica 1,2, Florentina Ionita Radu 1,2,*, Ana Bucurica 1, Calin Socol 1, Ioana Prodan 1,2, Ioana Tudor 1,2,

Carmen Adella Sirbu 3,4, Florentina Cristina Plesa 3,5,* and Mariana Jinga 1,2

1 Department of Gastroenterology, Carol Davila University of Medicine and Pharmacy,
020021 Bucharest, Romania

2 Department of Gastroenterology, ‘Dr. Carol Davila’ Central Military Emergency University Hospital,
010242 Bucharest, Romania

3 Department of Neurology, ‘Dr. Carol Davila’ Central Military Emergency University Hospital,
010242 Bucharest, Romania

4 Centre for Cognitive Research in Neuropsychiatric Pathology (Neuropsy-Cog), Department of Neurology,
Faculty of Medicine, “Victor Babes, ” University of Medicine and Pharmacy, 300041 Timis, oara, Romania

5 Department of Preclinical Disciplines, Titu Maiorescu University of Medicine, 031593 Bucharest, Romania
* Correspondence: fionita04@yahoo.com (F.I.R.); plesacristina@yahoo.com (F.C.P.)

Abstract: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) impacted the world and
caused the 2019 coronavirus disease (COVID-19) pandemic. The clinical manifestations of the virus
can vary from patient to patient, depending on their respective immune system and comorbidities.
SARS-CoV-2 can affect patients through two mechanisms: directly by targeting specific receptors
or by systemic mechanisms. We reviewed data in the latest literature in order to discuss and
determine the risk of new-onset liver injuries due to COVID-19 in preexisting hepatic conditions.
The particular expression of angiotensin-converting enzyme 2 (ACE2) receptors is an additional risk
factor for patients with liver disease. COVID-19 causes more severe forms in patients with non-
alcoholic fatty liver disease (NAFLD), increases the risk of cirrhosis decompensation, and doubles the
mortality for these patients. The coinfection SARS-CoV-2—viral hepatitis B or C might have different
outcomes depending on the stage of the liver disease. Furthermore, the immunosuppressant treatment
administered for COVID-19 might reactivate the hepatic virus. The high affinity of SARS-CoV-2
spike proteins for cholangiocytes results in a particular type of secondary sclerosing cholangitis. The
impact of COVID-19 infection on chronic liver disease patients is significant, especially in cirrhosis,
influencing the prognosis and outcome of these patients.

Keywords: liver cirrhosis; SARS-CoV-2; COVID-19; hepatitis; cholangitis; chronic liver disease

1. Introduction

Coronavirus disease 2019 (COVID-19), caused by infection with the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), can affect people of any age and medical
history, but it is known that patients with associated comorbidities have a higher risk of
developing a more severe form of the disease [1].

The cumulative number of COVID-19 reached more than 604 million confirmed cases,
with over 6.4 million deaths, according to published data in September 2022 [2].

SARS-CoV-2 infection may have different clinical manifestations, from asymptomatic
to mild forms or severe multisystem involvement [3,4].

In 2021, it was estimated that approximately 1.5 billion patients worldwide suffered
from chronic liver disease [5]. The World Health Organization (WHO) estimated in 2019
that 296 million people worldwide were living with hepatitis B and 58 million with hepatitis
C, and that almost 1.5 million people for each type are newly infected every year [6,7]. The
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prevalence of non-alcoholic fatty liver disease (NAFLD) is constantly increasing, matching
the rise in the prevalence of obesity [8].

Regarding liver dysfunction during COVID-19, although not all pathways are clear,
it has been shown that up to 50% of patients have altered liver enzymes and hepatic
impairment [4,9].

Pathophysiologically, SARS-CoV-2 has a direct cytopathic action, binding to the
angiotensin-convertase 2 (ACE2) receptors, abundantly expressed in hepatic and biliary
epithelial cells.

Histological studies found a variety of liver alterations: slight infiltration of lympho-
cytes in lobuli associated with a degree of dilation or thrombosis in centrilobular sinusoids,
portal inflammation or calcification [10], and variable steatosis degrees going up to the
fibrotic stage [11].

Vascular abnormalities and necrosis have been described in a number of studies,
which are determined by venous endoluminal obstruction, lymphocytic endotheliosis, and
hypoperfusion [12,13]. Fractions of the novel corona virus were identified in hepatic cyto-
plasm [14], and viral specific proteins were detected in cholangiocytes [15] and hepatocytes
even half a year after infection [16].

The affinity of the SARS-CoV-2 virus for cholangiocytes and the biliary tract is high.
The viral particles were also present in the gallbladder [17], and congestive alterations with
a micro-thrombotic vascular pattern, congestion, and gallbladder mucosa friability were
found, similar to SARS-CoV-2 hepatic damage [18].

From an immunological perspective, the relationship between the liver and SARS-CoV-2
is complex and combines the tissue direct viral action with the systemic pro-inflammatory
response and “cytokine storm” [19].

ACE-2 receptors (ACE-2R), which are abundant in cholangiocytes and in the cells of
the sinusoid endothelium and fewer in the hepatic cells [20], and trans-membrane protease
serine 2 (TMPRSS2) are the two most important elements that contribute to SARS-CoV-2
infectiveness [21].

The virus can use an alternative pathway—furin, a protein convertase—to gain access
to the host cells. The viral structure is composed of nucleocapsid (N), membrane, envelope,
and spike proteins (S) [22]. As a result, the virion spike protein S can bind to the ACE
2 receptors and TMPRSS2 or use furin proteinase cleaving action.

The inflammatory and immune systemic response in SARS-CoV-2 infection is me-
diated by the breakdown of T cell lymphocytes, flare of interleukin 6 (IL-6), and tumor
necrosis factor-α (TNF-α). The complement overstimulation pathway appears to be another
mechanism that leads to hyperinflammation through the IFN-Janus kinase (JAK) 1/2-signal
transducer and activator of transcription (STAT) signaling complex alongside nuclear factor
kappa B (NF-kB) [23,24].

Acute liver injury (ALI) during systemic inflammation caused by COVID-19 cor-
responds to increased c-reactive protein (CRP) levels, elevated interleukin-6, and high
ferritin [25]. Pro-thrombotic status induced by SARS-CoV-2 contributes to liver affliction
through vessel endothelial injury, intravascular emboli, micro/macro thrombosis induced
by immune dysregulation, platelet impairment, and hypoxemia [26].

Hepatic injury in COVID-19 patients can be assessed using liver biochemical tests:
serum albumin, cholestasis markers-bilirubin, gamma-glutamyl transferase (GGT), alka-
line phosphatase (ALP), liver transaminases-aspartate aminotransferase (AST/TGO), and
alanine aminotransferase (ALT/TGP) [27,28]. A larger study found ALT and AST to be
more than 3x the upper limit of normal (ULN) and bilirubin more than 2x ULN in patients
with severe COVID-19, and AST to be higher than ALT, which can be a consequence of
immune-mediated inflammation or injury [27,29].

The data presented by another study with more than 1000 patients showed AST serum
values 3 times higher in patients with severe COVID-19 compared to those with the mild
form of the disease [29,30]. It was observed that AST levels rise early in the disease course,
and AST is more elevated than ALT [31,32].
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One Chinese study published in 2021 evaluated serum albumin as a possible predictor
for COVID-19 outcome [33]. Hypoalbuminemia was frequently found in infected patients,
especially those with severe forms. Moreover, the level of albumin was correlated with
the magnitude of the inflammatory status (lymphocyte, total number of T cells–CD4 and
CD8, hemoglobin levels, and red blood cell numbers), but was not associated with CRP
and AST [34]. Hypoalbuminemia is not a result of reduced synthesis in severe COVID-19,
but a result of albumin consumption [35]. One study revealed that SARS-CoV-2 needs and
utilizes albumin, so immediate albumin therapy is recommended for severe COVID-19 [36].

When it comes to the role of gamma-glutamyl transpeptidase (GGT) in COVID-19, it
was found that increased GGT and AST are directly proportional to longer hospitalization.
A study established an association between GGT and the expression of ACE2 connected
to the common transcriptional hepatic nuclear factor-1β (HNF1B), which points out the
possibility of using GGT as a biomarker for SARS-CoV-2 susceptibility [37]. A retrospective
clinical study of 98 patients hospitalized at Wenzhou Central Hospital in Wenzhou, China,
from January to February 2020, showed that 32.7% presented elevated GGT levels and
22.5% had increased CRP [38]. Moreover, a study that followed 118 COVID-19 patients for
376 days highlighted that elevated ALT, AST GGT, and body mass index (BMI) immediately
after hospitalization were still increased 1 year after discharge, which emphasizes the need
for close monitoring of patients with liver abnormalities [39].

2. Materials and Methods

The main purpose of this review was to establish, from the latest published data, the
impact of COVID-19 infection on preexisting liver conditions.

We searched the databases PubMed, National Library of Medicine, the World Health
Organization International Clinical Trials Registry Platform (ICTRP), the World Health
Organization International Clinical Trials Registry Platform (ICTRP), Google Scholar, and
Google during the pandemic era, starting from the beginning of 2020, until now, September
2022, for articles written, especially, in English that described the effects of COVID-19
infection on preexisting liver conditions. The search was carried out using the search
terms “coronavirus”, “COVID-19”, and “SARS-CoV-2”, combined with “liver”, “hepatic”,
“cirrhosis”, “NAFLD”, “hepatitis”, “liver tests”, “cholangitis”, and “inflammation”.

Research articles, reviews, case series, and case reports were taken into consideration,
and almost all of the 123 articles cited were analyzed further. We excluded articles that
included hepatocellular carcinoma, as any alteration in this stage can influence the course
of the disease. Drug-induced liver injury (DILI) articles were excluded. The multitude of
DILI can be a separate article because of the large number of medications used to treat
COVID-19 infection with possible hepatic alterations that may overlap with the drugs used
in preexisting liver diseases.

We paid attention to articles connected to liver injuries provoked only by COVID-19
but with no further evaluation.

The secondary sclerosing cholangitis determined by COVID-19 was included even
though it is related to the cholestatic effect of COVID-19, and only case series and case
reports were found.

3. COVID-19 and Cirrhosis

Cirrhosis is the final stage of long-term liver disease, causing an alteration in liver ar-
chitecture through processes such as the production of extensive nodules, neo-angiogenesis,
vascular restructuring, and newly formed extracellular matrix deposits [40]. Chronic liver
disease is characterized by a cyclic process consisting of inflammation leading to the de-
struction and subsequent regeneration of liver parenchyma [40]. Cirrhosis may develop
as a consequence of this process over the years, but at the time the diagnosis is made, it
is considered irreversible [40]. Chronic liver disease causes immune dysregulation and
inflammation, which can have an augmented effect on the processes present in SARS-CoV-2
infection [41].

48



Medicina 2023, 59, 62

The expression of ACE2 in hepatocytes of cirrhotic patients is 30 times higher than
in the normal liver, and the association of metabolic syndrome increases the expression of
both ACE2 and TMPRSS2 [42].

COVID-19 might affect the liver directly [43] (hepatocyte destruction caused directly
by the SARS-CoV-2 virus or through viral translocation from the gut to the liver) or by
indirect mechanisms [43] (such as systemic inflammation, hypoxemic effects on preexisting
liver diseases, or ICU admission length) [43].

SARS-CoV-2 infection and cirrhosis seem to be a fatal combination, with augmented
immune dysregulation being at the core of further biological processes leading to a more
severe form of the disease [41]. Inflammation, in this case, is predominantly initiated by
circulating active immune cells and pro-inflammatory cytokines [44].

One study estimated the overall mortality in patients with cirrhosis and SARS-CoV-2
association at about 32%, the mortality and morbidity increasing for patients with a higher
Child-Pugh score, a widely used tool to assess the prognosis of patients with cirrhosis [44].
In this study, Child-Pugh class C patients had a 21% survival chance if admitted to the
intensive care unit (ICU), dropping to 10% if they were on mechanical ventilation [45].
Another study revealed that mortality is also influenced by different risk factors such as
advanced age, obesity, type II diabetes (T2D) or cardiovascular diseases; 78.7% of COVID-
19 patients had lung-related conditions as the cause of death, while 4.3% of deaths were
caused by cardiovascular disease and 12.2% by liver conditions [45].

The results from the COVID-Hep registry data showed that patients with fibrotic stage
liver disease have a higher death rate [44]. This analysis included 745 patients, 386 with
cirrhosis, showing a 32% mortality in this group, which is 4 times higher compared with
non-cirrhotic ones, with an overall mortality of 20% (150 deaths/745 patients) [44]. The
risk factors were higher Child-Pugh scores (C vs. A—51% vs. 19%), age, being Caucasian
(OR 2.52; 95% CI 1.73–3.68; p < 0.001), cardiovascular comorbidities, and renal function
impairment (OR 1.19 per mg/dl; 95% CI 1.04–1.38; p = 0.014) [44].

Moreover, another study confirmed that the Child-Pugh class can be used to assess
the prognosis of SARS-CoV-2 infection by determining the risk of decompensation—64%
for the C class compared to 30% for the Child-Pugh A class [46]. It presented as ascites or
aggravation of the current ascites in 109 patients (28%), portal encephalopathy, rupture of
varices in 27% of cases, and 3% with spontaneous bacterial peritonitis [46].

The death rates for patients with fibrotic stage liver disease were evaluated in large
studies worldwide, and a mortality between 25 and 51% was found for cirrhotic patients
with SARS-CoV-2 infection [47,48]. The mortality was lower in patients with compensated
forms versus decompensated forms, 14% vs. 40.8% (n = 19/134 and n = 38/93) [49].

Invasive ventilation was necessary in 24% of the cases with decompensated cirrhosis,
compared with 19% in patients with compensated forms [50].

One study from northern Europe found no clear link between COVID-19 and the
outcome or evolution of cirrhosis [51]. A meta-analysis that focused on the outcome of
COVID-19 infection in cirrhotic and non-cirrhotic patients included 40 studies with more
than 900,000 participants. This showed that the COVID-19-cirrhosis association had an
increased risk for severity (OR = 2.44; 95% CI, 1.89–3.16) and death (OR = 2.35; 95% CI,
1.85–3.00) [52].

The symptomatology of COVID-19 infection in cirrhotic patients has a specific course.
First, acute decompensation is found in 46% of the patients, with formation or worsening of
ascites and/or the onset of hepatic encephalopathy. In total, 20–58% of patients can present
these alterations without respiratory symptoms connected to COVID-19 [44].

Gastrointestinal manifestations are another possible presentation for these patients,
and they are thought to be connected to increased gut permeability, electrolytic changes,
and systemic inflammation [49].

A series of severity scoring classifications can be used to assess the cirrhotic patients’
status, showing poorer prognosis for patients with cirrhosis and COVID-19 compared with
non-COVID-19 patients [53,54].
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A study from India found increased mortality for patients with acute-on-chronic liver
failure (ACLF) [55]. The mortality rate of patients with ACLF–COVID-19 association was
55% [54].

ACE2 internalization by SARS-CoV-2 causes reduced ACE2 activity with further alter-
ation in the pathway of angiotensin-II. The role of angiotensin-II in the renin-angiotensin
system is essential for vasoconstriction, renal sodium retention, and promoting hepatic
fibrogenesis. The reduced number of ACE2 in cirrhotic patients with COVID-19 aggravates
hepatic fibrosis and portal hypertension, exacerbating the severity of the disease [56–58].

The interaction between SARS-CoV-2 and the liver appears to be a vicious circle,
ultimately leading to multiple system organ failure (MSOF) [59]. Another study showed
that COVID-19 was found to increase by 5-fold the chance of death among cirrhotic patients,
respectively accounting for a 2.2-fold increase in the death risk of those with decompensated
cirrhosis [46,60], but the main cause of death in cirrhotic patients infected with COVID-19
was found to be respiratory failure (71% of the cases in the study), while only 19% of the
patients died of complications related to the liver [61].

4. COVID-19 and Cholangitis

Secondary sclerosing cholangitis is a progressive disease defined by intense fibrosis
and destruction of the biliary tract, which can lead to biliary cirrhosis. Secondary sclerosis
cholangitis in critically ill patients (SSC-CIP) is a form of secondary cholangiopathy that
can cause a rapid deterioration of the patients [61,62].

Cholestasis in critically ill patients is mostly intrahepatic and is a result of the complex
pathology behind it, such as systemic inflammatory response syndrome (SIRS), ischemic
hepatitis, drug-induced liver injury, parenteral support, and ventilatory support [63]. A
cholestatic pattern is less frequent in acute COVID-19 infection [61].

Secondary sclerosis cholangitis in critically ill patients (SSC-CIP) caused by SARS-CoV-2
was defined as a cholestatic liver injury that develops post-COVID-19 infection [64].

Despite emerging reports of secondary sclerosing cholangitis (SSC) in critically ill
SARS-CoV-2-infected patients, there are no specific imagistic features that could be as-
sociated with the evolution of delayed progressive cholestatic liver injury, leading to
cirrhosis [64].

Anatomically, the biliary system receives blood only from the peribiliary vascular
plexus, while the liver parenchyma has two major blood supplies. The hypothesis of
ischemia has been used to explain that severe hypotension with decreased mean arterial
pressure (MAP) and longer time spent in the prone position are the triggers of SSC-CIP [65].
The incidence of SSC-CIP is directly proportional to ICU stay, even in patients without any
history of biliary or liver disease. SSC-CIP is defined as a significant complication of ICU
stay [66].

This new variant of sclerosis cholangitis provoked by COVID-19 is characterized by
liver enzyme elevation even in patients who have not been to the ICU [67]. Pathologists
have reported that severe cholangitic injury and intrahepatic microangiopathy are found
in COVID-19 infection [67]. When comparing the level of RNA between airway cells and
hepatic cells, there is a similar range but a lower median viral RNA in hepatic cells [68].

The binding of SARS-CoV-2 to the ACE2-R from cholangiocytes affects the barrier and
the mechanism of transportation of the bile acid by affecting gene regulation. This leads to
cholestasis and liver damage [69,70].

A retrospective study conducted in one center in Zurich on 34 patients admitted with
COVID-19 to the ICU showed that 14 (41%) had mild cholestasis and 9 (27%) presented
with a severe form of cholestasis [63]. Moreover, the ICU stay was prolonged for the last
group of patients, and 4 of them developed secondary sclerosing cholangitis [63].

One study showed the case of a 38-year-old male with COVID-19 pneumonia that
developed, afterward, hyperbilirubinemia, jaundice, and elevated transaminases [71]. He
was hospitalized multiple times for pain, nausea, vomiting, and elevated liver enzymes,
which resolved with supportive treatment. The patient underwent magnetic resonance
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cholangiopancreatography (MRCP), which revealed diffuse intrahepatic biliary distention
and irregularity in the extrahepatic common bile duct. After performing the biopsy (cholan-
giocyte injury, bile ductular proliferation, canalicular cholestasis, fibrosis), the diagnosis of
secondary sclerosing cholangitis was taken into consideration [71].

Biliary damage in COVID-19 patients should be taken into consideration when clinical
and biological findings reveal jaundice, elevated transaminases, and/or cholestasis. Biliary
imaging should be performed to confirm/infirm SSC [71].

One study that enrolled 496 patients showed that 15.4% of patients developed SSC, and
patients with both chronic liver disease and COVID-19 pneumonia had a higher risk [72].

The multisystemic effect of SARS-CoV-2 has been intensively studied. The connection
between COVID-19 and SSC was underlined, as several case reports have been pub-
lished [73]. A middle-aged man came to the emergency room after being infected with
SARS-CoV-2, with aggravating jaundice, abdominal pain, elevated liver enzymes, and
dark-colored urine [73]. He underwent endoscopic retrograde cholangiopancreatography
(ERCP) and MRCP, and the diagnosis of SSC was established based on the findings; he was
registered for liver transplantation [73].

Another study presented chronic cholestasis and liver injury developed after
COVID-19 [74]. Histopathologically, cholangiocyte injury with microvascular changes
was observed. In one case, fibrosis and the presence of cytokeratin 7 metaplasia of peripor-
tal hepatocytes (an important factor for obstructive cholestasis) were reported [74].

A study presented the case of a patient who continued to have chronic cholestasis
and liver injury after severe sepsis connected to COVID-19 [75]. The diagnosis of SSC was
established after a liver biopsy, and ursodiol 250 mg three times a day was administered.
After 6 months, the patient was discharged, and jaundice and elevated liver enzymes were
ameliorated, but still persistently elevated [75].

One study published this year compared 24 patients with SSC after COVID-19 with
77 patients with SSC-CIP [66]. The median for SSC development was 91 days after
COVID-19. There were no differences in most of the symptoms and transplant-free survival.
Ursodeoxycholic acid treatment and albumin were administered [66]. Even though there
are similarities between these two entities, the authors concluded that the course of the
disease and the risk factors are unrelated between the two pathologies, and ursodeoxycholic
acid administration needs further validation [66].

There is no established protocol for SSC treatment, and the last curative option is liver
transplantation [76,77].

5. COVID-19 and NAFLD (Non-Alcoholic Fatty Liver Disease)

Non-alcoholic fatty liver disease (NAFLD) is defined as hepatic steatosis with or
without inflammation and/or fibrosis [78]. The disease is further divided into NAFL—non-
alcoholic fatty liver (NAFL) and non-alcoholic steatohepatitis (NASH), the main difference
between them being the presence of inflammation [78]. Liver biopsy is the gold standard
method of diagnosing NAFLD (staging from milder forms (steatosis) to severe forms
(NASH, advanced fibrosis, cirrhosis)). Histologically, NAFLD has been defined as the pres-
ence of hepatic steatosis, ballooning, and lobular inflammation with or without fibrosis [79].

NAFLD is a heterogenous condition, mainly related to the types of lipids that accumu-
late, their toxicity to the liver, and to the ability of the individual to defend against it. The
response of wound healing of individuals determines their capacity to recover from NASH
or to develop scarring, cirrhosis, and even hepatocellular carcinoma [79].

NAFLD is becoming a leading cause of chronic liver disease worldwide because of the
high incidence of both obesity and metabolic syndrome [80].

While the prevalence of the disease varies with age, sex, and demographics, it is more
common in Hispano-American men aged between 40 and 50 years [78].

A systematic review revealed that COVID-19 infection has a more severe course in
NAFLD patients, being correlated to ICU stay [81]. Furthermore, NAFLD is a significant risk
factor for COVID-19, a finding that has been further proven accurate after the adjustment
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was made for obesity as a confounding factor [82]. Controversially, a few articles have
stated that NAFLD does not influence the rate of mortality [83,84] or the outcome of
COVID-19 [83,85]. NAFLD can be a predictor of consecutive hepatic injuries [85]. Although
NAFLD might not be a major risk factor for a worse outcome in COVID-19, those patients
often have other associated pathologies that may influence the course of the disease (e.g.,
metabolic syndrome) [61].

A case-control study in 2021 evaluated 71 patients divided into two groups: with
or without fatty liver on CT scans. In total, 22 (31%) had NAFLD [86]. Severe forms
of COVID-19 developed in NAFLD patients (p < 0.005), providing further evidence for
NAFLD as a risk factor for a poor prognosis [86].

Another study confirmed that the risk for hospitalization and severity is higher in
patients with NAFLD/NASH regardless of gender or race [87]. Moreover, after receiving
treatment for NAFLD/NASH, obese patients have a diminished risk for hospitalization [87].

Patients with NAFLD (particularly those with NASH) often have one or more com-
ponents of metabolic syndrome, to which NAFLD is linked [88]. SARS-CoV-2 infection is
known to have a worse outcome in patients with high BMI or diabetes [89]. The pathophys-
iological mechanism is related to obesity-related poor immune responses to infection. It has
been postulated that there is chronic inflammation in obese patients with pro-inflammatory
citokine release mediated by the NLRP3 inflammasome [89].

NAFLD is not only associated with COVID-19, but it can increase the risk of devel-
oping all types of infections through systemic alterations, such as hyperglycemia, insulin
resistance, alteration of innate immunity, obesity, and vitamin D deficiency [90].

The lockdown caused changes in lifestyle: more coffee and tobacco use and less
physical activity [91]. Moreover, during the pandemic era, NAFLD and insulin resistance
prevalence worsened as a consequence of the lack of screening and regular monitoring of
patients [91].

Research related to fatty liver index was published evaluating 3122 COVID-19 patients
from the South Korea database [92]. The aim was to correlate the fatty liver index (FLI)
of NAFLD patients with the severity of COVID-19, showing that NAFLD patients have a
poorer prognosis and a higher likelihood of needing mechanical ventilation, ICU admission,
and high flow oxygen therapy. As a result, FLI can be used to assess the prognosis of
COVID-19 [92].

SARS-CoV-2 infection increases the likelihood of developing new types of liver
dysfunctions [88]. The majority of the macrophages are hosted in the liver, and as the
macrophages have an impeded clearance in the SARS-CoV-2 infection, it leads to further al-
teration of liver function through augmented cytokine production [88]. In NAFLD patients,
the polarization status of macrophages might be affected, influencing the inflammatory
response to SARS-CoV-2. A study conducted in central London concluded that there was no
statistically significant difference regarding mortality or ICU admissions between patients
with NAFLD and those without. The main difference was that patients with NAFLD were
younger and had a higher inflammatory response at the time of admission [83].

Excessive weight and NAFLD associate a pro-inflammatory status with high levels
of pro-inflammatory cytokines [93] (NLR family pyrin domain containing 3—NLPR3,
IL-1 [89]), increasing susceptibility to severe infection. Obese patients with NASH have a
higher risk of being infected with COVID-19, as they have higher liver mRNA expression
of ACE2 and TMMPRS 2 [94].

NAFLD is frequently present in patients with metabolic syndrome (hyperglycemic
syndrome, hypertriglyceridemia, hypertension, raised high-density lipoprotein cholesterol
HDL-cholesterol, obesity), and the influence of ACE2-R has been studied in patients with
NAFLD and in those with type 2 diabetes [94]. In T2D, it was observed that there are lower
amounts of ACE2-R in comparison to TMPRSS2, which showed no statistically significant
difference. Furthermore, ACE2-R is more present in men with T2D than in women. We
can theorize, based on the available data, that the main mechanism of the entrance of
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SARS-CoV-2 is not majorly altered in the livers of obese men with T2D, but there may be a
lower susceptibility for liver injury in women [94].

COVID-19 enters the cholangiocytes through ACE2-R and causes direct damage with
liver enzyme alteration, including albumin, GGT, ALT, and AST [95–97]. Moreover, the
cytokine storm activated in COVID-19 affects the liver directly. TNF-α, a pro-inflammatory
protein, is produced by adipose tissue and liver macrophages and modifies the immune
response in patients with NAFLD. This process has consequences for M1 macrophages,
which are suppressed, while M2 macrophages have an intense activation [95–97]. Taking
this statement into account, it is necessary to identify a targeted treatment to reduce
FLI [95–97].

A recent study attempted to find a connection between COVID-19 chronic sequelae
and the progression to NAFLD [98]. The hypothesis was that systemic inflammation, all
metabolic changes, including changes in the gut microbiome, and stimulation of liver fibro-
sis can be caused by COVID-19 [98]. A trend for liver enzyme alteration, steatosis, hyper-
plasia of Kupffer cells, and hepatobiliary congestion was revealed. The liver was indirectly
affected, as the main targets were the ACE2-R [98]. The release of pro-inflammatory cy-
tokines might trigger NASH development through their systemic effect [98]. Changes in the
gut microbiome have been observed in a large number of patients with COVID-19 [98,99],
but further studies are needed.

6. COVID-19 and Hepatitis B and C Infection

Hepatitis represents the inflammation of the liver caused by a variety of factors,
frequently hepatic viruses (A, B, C, D, E). Diagnosis can be made by testing the presence
of specific antiviral antigens or antibodies. Hepatitis B is caused by an enveloped virus
containing an incomplete double-stranded, circular DNA genome [100]. It has different
clinical outcomes depending on the patient’s status (age, immune status, or stage of the
disease) [100].

Another infection is hepatitis C, which nowadays is the major cause of cirrhosis
and hepatocarcinoma. It became curable with treatment development, which can lead to
eradication in 98% of infected patients [101,102].

Moreover, because viral hepatic infections are a public health issue, the WHO is
attempting to eradicate them by 2030 through an intense surveillance program of infected
patients, accurate treatment, or vaccination [103,104].

A clinical study suggests that either current or past infection with HBV does not
influence the risk of severe liver injury in SARS-CoV-2 coinfection [105].

In a large study that included SARS-CoV-2 infected patients (675 with HBV infection
and 18,485 patients without signs of infection), it was observed that HBV-positive patients
were older and more frail than HBV-negative ones. The COVID-19 mortality rate was
evaluated at 8.2% in the HBV-negative group and 13.5% in the HBV-positive group. More-
over, COVID-19 and HBV-positive patients required intensive care unit admission and
had a higher risk of MSOF [106]. In this study, it was concluded that COVID-19 and HBV
infection influence the survival rate of the patients [106]. Using antiviral therapies might
provide a higher risk of progression to liver failure but might reduce the risk of respiratory
insufficiency [106].

Treatment for COVID-19 implies one agent that works against the SARS-CoV-2 virus
itself or one against the inflammatory response of the host [105].

Liver injury in COVID-19 patients can be attributed to direct viral effects on the
liver and/or hepatotoxic drugs, as proven by the elevated liver enzymes found in these
patients [107,108]. The viral HBV reactivation after monoclonal antibodies (tocilizumab)
and corticosteroid usage raises the need for careful screening before prescription [107,108].

The prognosis of infection with SARS-CoV-2 in HBV patients depends on the stage
of liver disease, as proposed by Shanshan Yang et al. [109]. Therefore, HBV infection with
HBeAg (+) can cause a bad outcome for patients compared to infection with HBeAg (−) [109].
Moreover, age is essential for the prognosis of HBeAg (+) VHB infection and for HBV reac-
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tivation [109]. Moreover, a great number of these patients presented with abnormal liver
function and severe status requiring ICU admission [109].

Chen et al. observed that there are no differences in hospital length of stay between
HBV-positive and HBV-negative coinfected patients [110]. He et al. observed the same
aspect and also showed that coinfection is not associated with a poorer prognosis [111].

On the other hand, another study observed that patients who have a hepatic infec-
tion during the coinfection stage have a higher liver alteration. A multicentric study
from Wuhan, China, observed that abnormal AST or DBIL levels are not risk factors for
COVID-19 mortality, but they can be considered independent risk factors [112].

A study published in the American Journal of Gastroenterology reported that HBV
incidence among patients with SARS-CoV-2 infection was lower compared with the overall
incidence of HBV infection in the Chinese population [113]. It has been theorized that the
excess of T lymphocytes can affect the ability of these patients to respond to other viruses
so that the cytokine storm is reduced and the severity of COVID-19 is decreased [113].

During the pandemic, the number of hepatitis C virus RNA tests decreased by 62% in
March 2020 and remained at 39%, below the baseline, by July 2020 [114]. When it comes
to hepatitis C and COVID-19, the use of immunosuppressants is associated with a risk of
HCV reactivation [115,116].

The two pathophysiological mechanisms involved are the stimulation of viral repli-
cation, directly, and the suppression of the immune system [117]. These two mechanisms
might cause HCV reactivation [117]. Moreover, HCV viremia increases during corticos-
teroid treatment and can return to the baseline when the medication is discontinued [117].

Having a history of HCV infection might make a patient more susceptible to severe
respiratory complications, without the influence of any other comorbidity, a biological
marker at admission, or COVID-19 liver injury [118]. The effect seems to be correlated to the
extrahepatic effects of HCV, stimulating ACE-2/TMPRSS mechanisms, the inflammatory
process, and endothelial dysfunction [119].

A multicenter retrospective study evaluated 125 patients with chronic hepatitis and
COVID-19 (64 patients with cirrhosis). They presented with a large variety of symptoms,
but cough, core throat, fatigue, myalgia, and diarrhea were more frequent in cirrhotic
patients. They discovered many independent factors that can influence the outcome of
patients: male gender, diabetes mellitus, and cirrhosis [118].

When the HCV and COVID-19 coinfection was evaluated for the inflammatory re-
sponse and the cytokine types involved, the levels of interleukin 17 and 6 were found to be
higher in coinfected patients compared with patients infected only with SARS-CoV-2 [120].

Sofosbuvir, tenofovir, and ribavirin, an antiviral treatment used for HBV and HCV,
have been shown to have activity against infected patients with SARS-CoV-2 through their
binding to the RNA-dependent-RNA polymerase (RdRp) of the coronavirus [121], but
future trials are needed.

Furthermore, a form of transient hepatitis in a patient that tested positive for the SARS-
CoV-2 virus, named COVID-19-induced hepatitis (CIH), was described. It might progress
with elevated ALT and AST, non-obstructive jaundice, and inflammatory infiltration of the
liver parenchyma [122]. An increased AST/ALT ratio is linked to systemic inflammation,
while a low ratio is related to liver injury [123].

With ongoing research about COVID-19 and its connection with liver alteration going
on, an isoquinoline alkaloid, called berberine, was found to have important activity against
COVID-19, with multiple effects—antiviral, anti-allergy, and anti-inflammatory—ensuring
hepatoprotection against drugs and infection-induced liver injury while reducing oxidative
stress [124]. Berberine can have an antiviral effect against various agents (influenza, hepati-
tis B, hepatitis C, cytomegalovirus, alphavirus, and papillomavirus) [124]. The mechanism
of this agent is still under evaluation, but it is clear that it can increase IFN-γ levels by
intense stimulation of CD8 T cells and can inhibit histamine release from mast cells. More-
over, ACE2, IL-1α, IL-8, IL-6, and chemokine ligand 2 (CCL-2) are inhibited by berberine
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administration. It can be beneficial not only for COVID-19 treatment but also for viral
infection treatment or eradication [124].

One study proved that berberine has a beneficial role in treating the bacterial infections
associated with COVID-19 and in reducing hydroxychloroquine toxicity [125].

Berberine can be a promising treatment for hepatic C infection. It has been found
to affect the entry/fusion into the cell of the virus. Moreover, it inhibits viral pseudopar-
ticles E1/E2 [126,127]. It might become a possible antiviral treatment for HBV infection
because of its effect on mitogen-activated protein kinase (MAPK) pathways. Kim et al.
suggested that berberine acts like a p38 MAPK inhibitor and, in this way, can cause HBsAg
suppression [127,128].

Another promising molecule is 8-hydroxydihydrosanguinarine, a phyto-alkaloid that
interferes in the connection of S protein to ACE2, which indicates a potential therapy for
COVID-19 [129], but further studies are needed.

7. Conclusions

The systemic inflammation developed during COVID-19 may change the course of
hepatic preexisting diseases, with additional morphofunctional alterations of the liver, and
may cause a persistent effect from that point forward.

The impact of COVID-19 infection on cirrhotic patients is significant, influencing their
prognosis and outcome. Medical societies have raised awareness about the exposure of
these patients.

There are premises of a new emerging entity caused by the SARS-CoV-2 virus—the sec-
ondary sclerosis cholangitis in critically ill patients, without any preexisting liver conditions.

The polymerization used to treat SARS-CoV-2 infection is continuously changing, expos-
ing the patients with preexisting liver alterations to more and more possible complications.

The effects of COVID-19 on the liver are a challenge for doctors, raising concern about
the medical approach and treatment of patients with preexisting hepatic conditions.
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Abstract: In the last few years, the world has had to face the SARS-CoV-2 infection and its multiple
effects. Even though COVID-19 was first considered to be a respiratory disease, it has an extended
clinical spectrum with symptoms occurring in many tissues, and it is now identified as a systematic
disease. Therefore, various drugs are used during the therapy of hospitalized COVID-19 patients.
Studies have shown that many of these drugs could have adverse side-effects, including drug-induced
liver injury—also known as DILI—which is the focus of our review. Despite the consistent findings,
the pathophysiological mechanism behind DILI in COVID-19 disease is still complex, and there are a
few risk factors related to it. However, when it comes to the diagnosis, there are specific algorithms
(including the RUCAM algorithm) and biomarkers that can assist in identifying DILI and which
we will analyze in our review. As indicated by the title, a variety of drugs are associated with this
COVID-19-related complication, including systemic corticosteroids, drugs used for the therapy of
uncontrolled cytokine storm, as well as antiviral, anti-inflammatory, and anticoagulant drugs. Bearing
in mind that hepatotoxicity is very likely to occur during COVID-19, especially in patients treated
with multiple medications, we will also refer to the use of other drugs used for DILI therapy in an
effort to control and prevent a severe and long-term outcome.

Keywords: drug-induced liver injury (DILI); COVID-19; liver injury; liver dysfunction; COVID-19
treatment; liver function; COVID-19 drugs

1. Introduction

Since 2019, the world has had to face the virus SARS-CoV-2 and its multiple ef-
fects. Currently, COVID-19 is considered to be a systemic disease, with a large variety of
symptoms noted among patients. Many patients even end up being hospitalized for the
detrimental health problems it causes. Multiple drugs are used as medications for COVID-
19 and its symptoms, which are more commonly located in the respiratory system and
include—but are not restricted to—fever, cough, shortness of breath, and pneumonia [1].
However, COVID-19 symptoms are not only located in the respiratory system [2]. They
can reach several systems through the angiotensin-converting enzyme receptor 2 (ACE-2),
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which is present in numerous tissues, such as the gastrointestinal tract, the vascular en-
dothelium, and the liver. Therefore, the viral infection can reach all the tissues where the
ACE-2 receptor is located [1].

Specifically regarding the liver, studies have shown that the ACE-2 receptor is ex-
pressed in the liver tissue and expressly, in the hepatocytes (2.9%), but even more intensely
in the cholangiocytes (59.7%) [3]. Interestingly, it has been proven that ACE-2 expression
in the cholangiocytes is similar to that in type 2 pneumonocytes [4]. In other words, the
liver is a target organ for COVID-19. The frequency of liver damage ranges from 14.8% to
53% among COVID-19 patients [5]. Liver disease during COVID-19 can be attributed to
many factors (Figure 1), such as virus-related cytopathic injury [1], direct hepatocellular
damage through the ACE-2 receptor [6,7], (Figure 1), uncontrolled inflammatory reaction
leading to fibrosis and liver dysfunction, septic shock [1], hypoxia [8] and reoxygenation [1],
cholestatic damage, or even thrombosis due to the hypercoagulable state created by the
virus’ effect on the vascular endothelium [1].

Figure 1. Liver injury during COVID-19 infection can occur through multiple pathways. A few
common examples are pictured above, and they include: direct injury through the ACE-2 receptor,
uncontrolled general inflammation as a result of the cytokine storm syndrome (CSS), and drug-
induced liver injury (DILI).

Liver injury is also common as a result of drug administration (Figure 1). At the begin-
ning of the pandemic, there was no definitive treatment for COVID-19; however, currently,
there are several possible medications. Especially at first, many caregivers proposed the
use of antiviral drugs and monoclonal antibodies, antibiotics, immunomodulator agents,
non-steroidal anti-inflammatory drugs, steroids, antipyretic medicine, and complementary
treatments [7,8]. However, these drugs, like most medications, can have side effects, with
hepatotoxicity being a common result. It is important to mention that the occurrence and
the level of liver damage depend on many factors, such as the medicine dose and patient
characteristics. It is also interesting to mention that there are some intrinsic liver diseases
that predispose the development of DILI, with a common condition being non-alcoholic
fatty liver disease (NAFLD) [9]. As a matter of fact, the risk of DILI during COVID-19
infection is higher in patients with NAFLD [10]. NAFLD makes hepatocytes more fragile
during COVID-19 infection and more vulnerable to medications, especially antipyretic
drugs containing acetaminophen [7].

In this review, our goal is to explain the association between liver injury in COVID-
19 patients and the medications used as therapeutic strategies for COVID-19 treatment.
Drug-induced liver injury (DILI) is a common cause of hepatotoxicity and hepatic damage
during COVID-19.
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2. Materials and Methods

Before synthesizing this review, comprehensive research on drug-induced liver dam-
age caused by COVID-19 medications was performed. All the research was conducted up
until August 2022, with the main database used being PubMed. All the sources were in
the English language. Multiple reviews and articles were thoroughly studied in order to
synthesize a holistic review of DILI during COVID-19 infection.

Since the goal of this review is to exhibit a complete depiction of DILI during
COVID-19 infection and bearing in mind that the COVID-19 pandemic is still active,
no limitations were set regarding the number of sources or the date of their release. More-
over, since the COVID-19 pandemic afflicted most countries, no geographical limitations
were set. It is also important to mention that our goal was to not only to refer to common
COVID-19 medications, but also to mention most of the drugs that have been considered as
COVID-19 therapies.

Additionally, part of our research also focused on the tests executed in order to
diagnose the DILI, as well as on the risk factors that could possibly add to the possibility of
DILI. Moreover, we also decided to investigate DILI prophylaxis and possible therapeutic
strategies for the occurrence of liver damage.

The main keywords and key phrases used as a basis for our research were “COVID-
19,” “SARS-CoV-2,” “drug-induced liver injury,” “DILI,” “liver injury,” “liver dysfunction,”
“COVID-19 treatment,” “liver function,” and “COVID-19 drugs.”

3. Discussion

3.1. All about DILI
3.1.1. General Information

DILI is a liver injury caused by medication [7]. Even though DILI is not common, it is
a frequent cause of liver dysfunction and acute liver failure in hospitalized patients [4]. It
frequently occurs in hospitalized COVID-19 patients, especially when they are treated with
multiple drug regimens, which is quite common [4].

DILI can be hepatocellular, cholestatic, or mixed, the most common type being hepa-
tocellular. DILI is characterized as hepatocellular when a five-fold or higher rise in ALT
alone is noted, or when the ratio of serum ALP to ALT is five or more times the ULN [11].
On the other hand, when there a two-fold or higher rise in ALP alone, or when the ratio of
serum ALP to ALT is two or less times the ULN, the DILI is termed as cholestatic [11]. The
condition where the ratio of serum ALT to ALP is higher than two times and lower than
five times the ULN is called mixed DILI [11].

From a different approach, DILI can be either intrinsic or idiosyncratic. Intrinsic
DILI is infrequent. However, it is predictable, dose dependent, and it occurs after a short
latency period [6]. The most common drug that induces intrinsic DILI is paracetamol or
acetaminophen [6]. In contrast, idiosyncratic DILI is the most common type of DILI, but it
is unpredictable, with a latency period that can last up to a few months [6].

It is also interesting to mention that DILI patterns differ between the different types
of causative medications. For instance, studies have shown an association between
cephalosporins and hepatobiliary adverse drug reactions (ADRs) [12]. At the same time,
drugs such as ciprofloxacin can lead to idiosyncratic DILI (even though it is rare) because
ciprofloxacin is infrequently associated with liver toxicity [13]. The medications that most
often cause DILI are antimicrobials [13].

As for the progression of DILI, it varies from mild to severe, with extreme cases leading
to liver transplant [6,14]. Under all circumstances, pre-existing chronic liver disease will
result in a worse prognosis and a mortality rate three times higher than that in patients
with a healthy liver [6]. Sources also state that patients with liver steatosis and metabolic
syndrome are more prone to contract DILI after COVID-19 [15].
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3.1.2. Mechanism of DILI

Even though the mechanisms that lead to DILI are not fully understood, there are
multiple pathways that result in the sensitization of the hepatocytes and the induction
of liver damage. Drug-induced steatosis in the liver tissues of COVID-19 patients is one
of the medical conditions in which drug administration can lead to liver injury. Accord-
ing to Xu et al., microvesicular steatosis in the liver of COVID-19 patients is a condition
where the hepatocytes are filled with fat vesicles due to viral or drug-induced liver dam-
age [16]. Steatosis caused by medications is, in many cases, caused by drug interference
with the β-oxidation of fatty acids, mitochondrial respiration, or both [7]. This reaction
subsequently results in the accretion of non-esterified fatty acids, which are later converted
into triglycerides [7].

Another mechanism that affects the hepatocytes and is worth mentioning is the
downregulation of cytochromes p450 (CYPs) [7]. These cytochromes are enzymes involved
in the oxidative biotransformation of many medications used in COVID-19 therapy [17].
The downregulation occurs because of the increase in cytokines and interleukins caused
by the cytokine storm syndrome during COVID-19 [17]. Specifically, IL-6 is a significant
inflammatory mediator, that exerts repressive effects on many CYPs [17]. The suppression
of CYPs affects the metabolism of many COVID-19 drugs, especially remdesivir [17].

3.1.3. DILI Risk Factors

In a study done by Delgado et al. on 36,905 hospitalized patients, out of whom 8719
were diagnosed with COVID-19, 160 (1.8%) of the COVID-19 patients were also diagnosed
with DILI [18]. Out of these 160 patients, 124 (77.5%) were men, and the mean age was
54.3 years [18]. This leads to the conclusion that men around the age of 50 are more
prone to DILI during COVID-19 [18,19]. In addition, a review conducted by Teschke et al.
concluded that the male-to-female ratio for DILI during COVID-19 was around 2.6:1 [20],
which implicates that men are more vulnerable to DILI than women. Another risk factor is
pregnancy, with the difference being that it affects only cholestatic or mixed liver injury
and not hepatocellular injury [19]. However, there are only limited data supporting that
pregnant women are more vulnerable to DILI. As a matter of fact, tetracycline seems to be
the only drug known to increase the risk of DILI during pregnancy [21].

Moreover, according to the same study by Delgado et al., many of the 160 patients also
exhibited multiple comorbidities [18]. Specifically, 71 (44.4%) had dyslipidemia, 49 (30.6%)
had high blood pressure, and 11 (6.8%) had diabetes mellitus. Additionally, 14 (8.8%)
patients were smokers, while 6 (3.8%) were systematically consuming alcohol [18]. Alcohol
consumption is a common risk factor for DILI, but it is only associated with specific
medications. Moreover, alcohol can trigger DILI after long-term consumption of more than
two alcoholic drinks per day, for women, and more than three alcoholic drinks per day
for men [19].

A risk factor that cannot be ignored is the presence of pre-existing liver injuries (e.g.,
fatty liver) or viral infections (e.g., hepatitis C or HIV virus) [22,23]. To make things clearer,
pre-existing liver injuries and infections can be considered as risk factors due to the drugs
administered as therapeutic approaches [24]. There is also a hypothesis that obese COVID-
19 patients with NAFLD could potentially be at a higher risk for DILI than patients who
have not been infected by SARS-CoV-2 or non-obese NAFLD patients [23]. This hypothesis
is attributed to the fact that obese COVID-19 patients with NAFLD are simultaneously
included in the spectrum of multiple risk factors for DILI [23].

The development of DILI also depends on the medications used. By definition, DILI is
caused by drugs, so every hepatotoxic drug could induce liver damage. However, as many
studies have shown, the chances of DILI are much higher when multiple drugs or higher
doses are administered [25,26]. It is a fact that patients that are treated with five or more
drugs, such as ICU patients, are more likely to develop DILI [1].
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3.1.4. DILI Diagnosis

When it comes to the diagnosis of DILI, it is usually quite challenging, as it is a
diagnosis made by elimination. When collecting the patient’s history, a physician that
suspects the presence of DILI should not omit questions about alcohol abuse, chronic
or acute liver diseases, other comorbidities, and the medications (including herbal and
dietary supplements) that the patient has consumed, especially in the last six months [6].
Additionally, laboratory tests to detect viral hepatitis or autoimmune hepatic diseases
should be conducted, while imaging of the liver should be performed when there is
suspicion of a preexisting liver disease or in order to exclude vascular, biliar or neoplastic
disorders. Conducting an abdominal doppler ultrasound examination is also important
in order to exclude the possibility of vascular liver disease, such as hepatic vein or portal
vein thrombosis. Furthermore, liver biopsy should be considered in patients where an
alternative diagnosis is probable, as well as in patients where DILI does not resolve, despite
the withdrawal of possible causative agents.

DILI can be diagnosed by an elevation in liver enzymes, which can occur due to
hepatocellular necrosis, cholestasis, or both. These laboratory changes are not always
accompanied by symptoms [6]. Common and useful findings in the laboratory results of
hospitalized COVID-19 patients with liver damage are elevated aspartate aminotransferase
(AST) and increased alanine aminotransferase (ALT), specifically ALT >3 times ULN [1,6].
Other less-frequent findings include a decrease in serum albumin and an increase in
total bilirubin >2 times the normal upper limit [1], in gamma-glutamyl transferase (GGT)
and in alkaline phosphatase levels (ALP) [1,6]. One could also measure the prolonged
prothrombin time (ppt), which mirrors the alteration of the hepatic synthesis of coagulation
factors [23]. All these biomarkers can be measured within the plasma using liver function
tests (LFTs) [23].

3.1.5. RUCAM

A widely used test that can assist in the diagnosis of DILI is the Roussel Uclaf Causality
Assessment Method (RUCAM). It helps to identify both DILI and other liver diseases. It
is very useful in order to assess the causality and the level of liver injury when DILI is
suspected, allowing caregivers to take proper treatment measures. The RUCAM scale is a
point system based on seven domains, which include the temporal evolution of the liver
damage, risk factors, concomitant use of possibly hepatotoxic drugs, and the reoccurrence
of liver injury after a new drug is used [1]. RUCAM was the first method to establish valid
criteria for liver injury caused by hepatotoxic drugs, thus eliminating cases with nonspecific
elevated liver enzymes without clinical relevance [19].

When using the RUCAM, the limits for DILI diagnosis are a serum ALT at least five
times ULN and/or a serum ALP at least two times the ULN [6,19]. These criteria help
specify the hepatotoxicity causality assessment and eliminate false positive tests [19]. It is
important to note that when ALT levels are normal and ALP levels are elevated, further
biomarkers should be examined. Specifically, there should also be an increase in γ-glutamyl
transpeptidase, in order to reject cases of ALP elevation through other sources.

RUCAM can even differentiate if the liver injury is hepatocellular or cholestatic. Liver
injury can be identified as hepatocellular when ALT > 5 times ULN and ALP ≤ 2 times
ULN, or if both are elevated, R ≥ 5, with R = ALT/ALP. The liver injury is cholestatic when
ALP > 2 times ULN and ALT ≤ 1-time ULN, or if both ALT and ALP are elevated, R ≤ 2,
and mixed when ALT > 5 times ULN and ALP > 1 times ULN and 2 < R < 5 [19].

Even though RUCAM shows high sensitivity (86%) and specificity (89%), it can
primarily assess DILI when studying single drug cases. When it comes to polypharmacy,
RUCAM shows a poor discrimination value [18]. The limitations of RUCAM have led to
the development of another assessment method, the revised electronic causality assessment
method (RECAM). RECAM diagnostic categories are more compatible with expert opinion
and are much more sensitive in comparison to RUCAM, especially when it comes to the
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detection of extreme diagnostic categories [27]. Therefore, RECAM is believed to be more
precise and reliable for DILI diagnosis [27].

Another test that can be used to assess DILI under conditions of polypharmacy, is the
lymphocyte transformation test (LTT), which assesses the proliferation of T cells due to
in vitro drug exposure [28]. It is used to prove whether a patient has been sensitized to
specific drugs [18], however, it is not standard nor general.

3.1.6. DILI Associated Medications

Many of the drugs that are administered as a treatment for COVID-19 (e.g., lopinavir/
ritonavir, hydroxychloroquine) are metabolized in the liver, thus causing liver damage and
elevated liver enzymes [7]. DILI during COVID-19 depends on the type of drug that causes
it [7]. Cai et al. proved that drugs such as antibiotics and non-steroidal anti-inflammatory
drugs (NSAIDs) are not as hepatotoxic as antiviral drugs, such as lopinavir/ritonavir,
which are much more likely to cause DILI [29].

Moreover, when it comes to liver injury, some drugs (e.g., azithromycin, chloroquine)
are hepatotoxic in the presence of a mild inflammation [18]. This has also been proven in
animal studies [18] and can be explained by the fact that reactive drug metabolites are pro-
duced by inflammatory cells during inflammation [18]. More specifically, myeloperoxidase
is an enzyme derived from inflammatory cells that can convert specific drugs to reactive
cytotoxic metabolites [18].

Multiple medications can lead to hepatotoxic effects. The hepatotoxic profiles of drugs
commonly administrated as part of COVID-19 treatment are displayed in Figure 2. These in-
clude systemic corticosteroids; antiviral drugs such as remdesivir, lopinavir/ritonavir, and
favipiravir (FRP); antibiotics such as azithromycin; antimalarials such as hydroxychloro-
quine; immunomodulatory agents such as tocilizumab (TCZ) and sarilumab; antipyretics,
including paracetamol; NSAIDs; colchicine; low molecular weight heparins; (LMWH)
and molnupiravir.

 

Figure 2. COVID-19 medications that can cause DILI, the category in which they belong, the liver
contraindications that exist, and the DILI patterns that they develop. Abbreviations used: NSAIDs—
non-steroidal anti-inflammatory drugs; LMWH—low molecular weight heparins; LF—liver failure;
ALT—alanine aminotransferase; ULN—upper limit of normal; FRP—favipiravir; AST—aspartate
aminotransferase; ALP—alkaline phosphatase; MAFLD—metabolic associated fatty liver disease;
NAFLD—non-alcoholic fatty liver disease. The arrow used in this figure signifies elevation of the
mentioned biomarkers.
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3.2. Ketamine

Before focusing on the medications that lead to DILI, a special mention should be
made concerning ketamine, which is not a drug, but an analgesic sedative. During COVID-
19 hospitalization, many mechanically ventilated patients struggle with symptoms such
as acute respiratory distress syndrome (ARDS), which require large doses of analgesic
sedatives [30] for lung protective mechanical ventilation. For this purpose, drugs such as
ketamine, an N-methyl-D-aspartate (NMDA) receptor antagonist with both sedative and
analgesic properties, are commonly administrated in the ICU as anesthetics [31].

The long-term infusion of ketamine, however, can exhibit a dose-dependent relation-
ship with elevated bilirubin levels and a higher risk of cholestatic liver injury in COVID-19
patients with ARDS [31]. The short-term infusion of ketamine (e.g., 72 h) is probably not
likely to cause the development of its hazardous effects. An analysis executed by Wendel-
Garcia et al. shows that the increase in bilirubin by 15 μmol/L and in ALP by 150 U/L
is only noticeable after ketamine administration of 1.5 mg/kg/h for 14 days straight [31].
Bearing this in mind, it is suggested that the long-term infusion of high-dose ketamine in
mechanically ventilated COVID-19 patients be avoided [31]. When ketamine is used, it is
vital to monitor bilirubin and ALP levels daily [31].

3.3. Systemic Corticosteroids

Systemic corticosteroids are often used in COVID-19 patients, even though they tend
to have multiple adverse effects, including hyperglycemia and secondary infections [6].
DILI can also occur from corticosteroids, even though the chances are very slim [6]. Some
authors even suggest their use as a treatment for severe DILI [32], while other authors are
hesitant regarding this recommendation [33].

Since corticosteroid-induced liver injury during SARS-CoV-2 infection is infrequent,
only a few cases have been documented. A study performed in Hong Kong in a cohort
of 1040 patients showed that the administration of corticosteroids was independently
related to liver injury. This was attributed either to the fact that patients with COVID-
19 who used corticosteroids were already severely ill and thus, more prone to factors
that could affect their liver function [6], or to the fact that corticosteroids can promote
non-alcoholic steatohepatitis (NASH) in patients with NAFLD [6], or even exacerbate a
pre-existing steatosis [23].

3.4. Antiviral Drugs
3.4.1. Remdesivir

Antivirals are regularly used for treating COVID-19, with remdesivir being a common
antiviral drug recommendation [6], since it has shown to promote higher survival rates
among adult COVID-19 patients [34]. Moreover, remdesivir is highly used because it has
been proven to be superior to placebo in decreasing recovery time for hospitalized pa-
tients [35]. Remdesivir is an active inhibitor of viral RNA-dependent RNA polymerases [6],
with a documented hepatotoxicity potential [4]. According to a study by Delgado et al.,
remdesivir has the highest incidence rate of DILI per administration [18], while another
study by Kaur et al. reported the first case of DILI caused by remdesivir in a newborn with
COVID-19 [34].

When administering remdesivir for COVID-19, the standard dose is 200 mg the first
day and then 100 mg daily for 4 to 9 days [6]. In hospitalized COVID-19 patients in need of
oxygen supplementation, remdesivir’s beneficial effects are notable within ten days from
the beginning of the symptoms [6].

On the other hand, one common adverse effect of remdesivir on the liver of COVID-19
patients is the elevation of serum aminotransferase and ALP levels [6,18,36,37], with a range
of 15–20% [38]. Other significant symptoms, such as jaundice, are absent [6]. However,
the presence of pre-existing liver failure and creatine clearance below 30 mL/min are con-
traindications for remdesivir administration, as it causes the elevation of transaminases [34].
Remdesivir-induced liver injury is most likely based on the interaction of P-glycoprotein (P-gp)
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inhibitors [39]. Remdesivir-induced DILI can also occur through the decrease in its metabolism,
due to CYPs’ downregulation during the cytokine storm [7]. Accordingly, remdesivir should
be used with caution, and reserved only for severe COVID-19 infections [34].

In order to control remdesivir’s effects, LFTs should be executed before and during
remdesivir use. In the case that ALT levels increase >10 times ULN, or there are symptoms
accompanied by a smaller ALT elevation, remdesivir therapy should be terminated [40]. A
case report by Carothers et al. suggested the use of acetylcysteine for managing acute liver
failure (ALF) induced by remdesivir [41]. Acetylcysteine is an antidote to acetaminophen,
which is the leading cause of ALF. However, acetylcysteine can also be used to treat ALF
caused by other drugs [7].

3.4.2. Protease Inhibitors: Lopinavir/Ritonavir

In a review done by Kulkarni et al., it was shown that the incidence of lopinavir/ritonavir
(LPV/r)-induced liver injury in COVID-19 patients was 37.2% among 775 COVID-19 pa-
tients [37]. In another study by Batteux et al., where 65 hospitalized COVID-19 patients
were treated with LPV/r, 25 (38.5%) developed liver damage [42]. Moreover, Cai et al., after
studying 417 COVID-19 patients, concluded that the risk of liver damage in patients who took
LPV/R was increased four-fold compared to patients who did not follow this treatment [29].

The most common side effects of LPV/r treatment were hyperbilirubinemia and
elevated liver enzymes, especially GGT [29,37,43]. The elevation of serum concentration of
aminotransferases (>5 times ULN) is mainly attributed to lopinavir, while ritonavir rarely
results in alterations in liver enzyme concentrations [7].

The combination of lopinavir and ritonavir overdose could lead to the activation of the
endoplasmic reticulum stress pathway in the liver. When this pathway is triggered, it can
subsequently induce hepatocyte apoptosis through the caspase cascade system. This can
further lead to inflammation and oxidative stress and thus, accelerate liver injury. However,
it is important to note that LPV/r affects liver function in a dose-dependent manner [43].

Out of these two protease inhibitors, ritonavir and full-dose ritonavir treatment seem to
be associated with a higher risk of DILI [18]. Ritonavir, specifically, is a CEA4 inhibitor [18]
and is metabolized by the liver with the mediation of the cytochrome P450 (cytochrome
P3A4/CYP3A4) pathway [4]. Even though the cause of liver enzyme elevation after
ritonavir medication is not fully known [4], the basis of the liver damage is believed
to be the production of a toxic intermediate of ritonavir or other drugs metabolized by
CYP3A4> [4]. For example, both Arbidol and lopinavir are metabolized by CYP3A, which
ritonavir inhibits. Therefore, when using Arbidol and LPV/R simultaneously, liver injury
can occur [7].

3.4.3. Favipiravir

FRP is a pyrazinecarboxamide derivative antiviral drug not believed to cause liver
injury when administered alone. However, a study by Yamazaki et al. refers to a COVID-19
patient who developed cholestatic liver injury after being treated with FRP [44]. The author
asserts that the liver injury was induced by the prior treatment with antibacterial therapy,
which was worsened by FRP [44]. FRP’s chemical structure implies that it has the potential
to cause liver damage [7], due to the fact that it is structurally similar to pyrazinamide,
which is typically hepatotoxic [7], but the chemical structure remains unclear [7].

In patients with FRP-induced liver injury, elevated levels of serum FRP are noted [7].
As a matter of fact, FRP levels were more elevated in patients with liver injury than in
the patients who took FRP, but did not have FRP-induced liver damage. This leads to the
conclusion that monitoring FRP concentration is essential in order to be able to keep track
of FRP’s effects on the patients’ livers and regulate the ideal FRP dose [7].
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3.5. Antibiotics—Azithromycin

It is rather interesting that about 75% of COVID-19 patients—hospitalized or not—are
prescribed antibiotics, while the estimated bacterial infection rate is only 8.6% [6]. Several
antibiotics can induce liver injury, with a relatively common one being azithromycin.

Azithromycin, a broad-spectrum macrolide, is one of the drugs that was widely used
during the beginning of the COVID-19 pandemic [6], since it decreases inflammatory
cytokines (ex. IL-6, IL-8, TNF-α) and reduces oxidative stress [45,46]. The main adverse
effect of azithromycin use is its cardiac toxicity, especially when in combination with
hydroxychloroquine, though it has also been associated with hepatotoxicity [6], especially
in patients with pre-existing liver damage [6,33]. In a study conducted by Delgado et al.,
azithromycin exhibited the second-highest incidence rate of DILI, after remdesivir [18].

Azithromycin-induced liver damage usually occurs within 1–3 weeks after the be-
ginning of the treatment, while the hepatocellular injury it causes has a short latency [7].
Moreover, azithromycin can also contribute to the development of dermal reactions that
are associated with liver injury, such as erythema multiforme and Stevens–Johnson syn-
drome [7]. The liver tests from COVID-19 patients with azithromycin-induced liver injury
include an ALT elevation <6 ULN in 40% of the patients [23].

3.6. Antimalarials—Hydroxychloroquine

Hydroxychloroquine (HCQ), as a COVID-19 medication, is also related to DILI [18]. In
a study, Falcao et al. reported a severe case of HCQ-induced liver injury during COVID-19
hospitalization. Specifically, the patient being studied showed a 10-fold elevation in serum
transaminase levels while on HCQ and a sudden decrease after quitting HCQ therapy [7].
Moreover, Rismanbaf et al. showed that the association between the inflammatory response
to COVID-19 infection and an adverse reaction to the reactive metabolite of HCQ could
lead to liver injury [47].

However, it is important to mention that there are also studies, such as the one
done by Kelly et al., which report that adverse effects on the liver were not significantly
different between patients using HCQ and azithromycin and the effects noted in the
control group [48].

3.7. Immunomodulatory Therapies: Tocilizumab and Sarilumab

Severe COVID-19 infection is followed by a systemic inflammation that leads to the
cytokine storm or cytokine release syndrome (CRS). This overproduction of cytokines is char-
acterized by—among other indications—an increase in the concentrations of interleukin (IL)-6,
C-reactive protein (CRP), D-dimer, and ferritin [6], which can result in rather detrimental
effects, such as multi-organ damage [6]. Multiple medications are considered as treatments
for this situation, with the most used being TCZ, which is an extendedly studied recombinant
monoclonal antibody that fulfills the role of an IL-6R antagonist [6,49]. TCZ is usually admin-
istrated to patients with severe lung injury and elevated IL-6 blood levels [22]. It is usually
combined with dexamethasone for patients with rapid respiratory decompensation [50].

Studies have shown that TCZ does indeed assist in the decrease in overactive inflam-
mation and the need for intubation [50]. However, it has also been proven to have side
effects, including immune suppression and hepatotoxicity [6], which occur through mecha-
nisms that are not well-understood [7]. Immunosuppressants (TCZ, dexamethasone, and
tofacitinib) can further increase the risk of fulminant liver failure due to the reactivation of
hepatitis B virus (HBV) infection in chronic carriers [22,51]. In some cases of treatment with
TCZ that led to acute liver failure and acute hepatitis, liver transplant was required [4]. HBV
screening for patients who are considered to be candidates for intense immunosuppressive
treatment would help eliminate cases of acute hepatitis B.

The liver injury caused by TCZ, which is dose-dependent, is mainly identified through
the elevation of transaminase levels, while other side effects have yet to be noted [6]. TCZ
hepatotoxic status is mainly visible when combined with other potentially hepatotoxic
drugs. For instance, a study by Guaraldi et al. on 1351 patients treated with TCZ con-
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cluded that TCZ did not result in significant liver-related side effects [52]. On the other
hand, another study reported the presence of DILI after TCZ use in combination with
previous use of lopinavir/ritonavir [49], while another study by Hundt et al. proved the
presence of DILI after the use of lopinavir/ritonavir, hydroxychloroquine, remdesivir, and
especially, TCZ [53].

However, it is important to mention that severe DILI is very rarely a complication
of TCZ administration [51] and that TCZ has a rather positive therapeutic effect when
it comes to COVID-19 and the CRS. Therefore, when administering TCZ to COVID-19
patients, intense liver function monitoring is suggested, since there is always the potential
of hepatotoxicity [51]. A similar profile can also be found in sarilumab, another anti-IL-6R
monoclonal antibody, which is often used as an alternative to TCZ [54].

A mention should also be made regarding JAK inhibitors (baricitinib, tofacitinib, and
imatinib), which were approved in many countries for treating COVID-19, as they showed
significant results in reducing mortality and intubation rates [55]. There have been some
cases of dose-dependent increases of liver enzymes and bilirubin during JAK inhibitor
therapy, but they do not exceed 1% of the COVID-19 patients studied [6].

3.8. Antipyretics: Paracetamol or Acetaminophen

Paracetamol or acetaminophen is the drug suggested as a first-line drug for COVID-
19-associated high fever and pain [6], since it has both antipyretic and analgetic effects.
Paracetamol inhibits cyclooxygenases (COX-1, COX-2, and COX-3) and modulates the
endocannabinoid system and the serotonergic pathways [6].

Paracetamol-induced DILI is a common cause of DILI. In adults, the average dose that
causes hepatotoxicity is 12 g, and peak levels of toxicity occur 48–96 h after overdose [56].
The liver injury mechanism is direct damage that depends on the dose of paracetamol
provided through acetaminophen metabolite NAPQI [6]. It is suggested that even lower
doses than the ones needed for overdose can lead to the development of liver damage [6].
Moreover, patients suffering from NAFLD are more prone to developing DILI from parac-
etamol at lower doses than patients with a relatively healthy liver [22]. It is also worth
mentioning that acetaminophen-associated DILI can be favored by an elevation in hepatic
CYP2E1 [23], which is present in alcoholic patients or patients with NAFLD [23].

3.9. Other Medications

NSAIDs, also commonly used against COVID-19 [6], operate through the inhibition
of cyclooxygenase (COX)-1 and -2. The most common adverse effects of NSAID therapy
are gastrointestinal and renal malfunctions. However, there are reports of NSAID-induced
liver damage [6]. As a matter of fact, in a cohort study, NSAIDs were responsible for over
one-third of all the cases of DILI studied [57].

Colchicine is another treatment used as a COVID-19 therapy to suppress inflammation
and reduce the severity of the disease’s progress [4,7]. Colchicine seems to have some DILI
potential, but this can be avoided by using low and regulated doses [4,58].

LMWHs are commonly used as anticoagulants to treat COVID-19 patients, since
they have positive effects on reducing both mortality and morbidity [6]. At the same
time, they have some adverse effects, including bleeding events, thrombocytopenia, and
hepatotoxicity [6]. More specifically, LMWH is the most hepatotoxic anticoagulant used
in COVID-19 therapy, with a rate of LMWH-induced liver injury of 4.3–13% [6]. When
using LMWH, liver enzyme elevation usually occurs within 5 to 8 days after the initiation
of heparin. After that, liver enzyme concentrations return to normal within two weeks of
drug cessation [6].

Molnupiravir is an oral, antiviral drug that is highly effective when it comes to
eliminating SARS-CoV-2 and viral RNA, while being quite safe. Most common side effects
include headache, insomnia, and an increase in ALT, and medical professionals should be
careful when administering molnupiravir to patients with hepatic dysfunction. However,
it is not associated with clinically apparent liver injury [59,60].
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3.10. DILI Prophylaxis and Therapy

Not much can be done to prevent DILI development, but there are some preventa-
tive measures that should be taken. Primarily, it is vital that ALT, AST, total and direct
bilirubin, and albumin levels are monitored during hospitalization—especially when DILI
is suspected—in order to reduce the chances of liver injury [7]. Furthermore, patients
with severe COVID-19 infection and patients with pre-existing liver disease should not be
administered more than two drugs at the same time or drugs that could be hepatotoxic [7].
However, clinical professionals should take into account the severity of COVID-19 disease
and balance the potential positive effects of therapeutic regimens against the potential hep-
atotoxicity. It shall not be forgotten that severe DILI is very rare in patients with COVID-19
who have no underlying chronic liver disease [61]. When it comes to patients being treated
with ongoing anti-HBV and anti-HCV drugs, their medications should not be discontinued,
but they should be monitored closely [7].

There are no specific guidelines for DILI treatment during COVID-19 infection. Most
of the time, treatment is not warranted, since the most beneficial measure seems to be either
the discontinuation of the drug causing the DILI or alteration of its dosage [1]. This method
results in recovery in 90% of the cases [6]. Given the therapeutic advantages that some of
these drugs offer regarding COVID-19 infection, their discontinuation is not always easily
decided upon [6]. If acute liver failure occurs; however, there is no other choice [6]. It is
important to fight the virus, while also maintaining liver function [4].

4. Conclusions

Occasionally, new drugs are implicated as potential hepatotoxins that can eventually
lead to DILI. Especially when it comes to COVID-19, new medications are constantly
developing, thus creating new treatment possibilities that could potentially exhibit fewer
adverse effects, be more hepatotoxic and detrimental, or even do both. It is a fact that most
medications have undesirable side effects. In most of the cases, the DILI that occurs is not
significant, and the physician in charge should be able to carefully calibrate the benefit of the
drugs against their potential complications. However, it is essential to be able to detect and
regulate the occasional adverse effects to an extent that eliminates deteriorating conditions.
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43. Cichoż-Lach, H.; Michalak, A. Liver injury in the era of COVID-19. World J. Gastroenterol. 2021, 27, 377–390. [CrossRef] [PubMed]
44. Yamazaki, S.; Suzuki, T.; Sayama, M.; Nakada, T.-A.; Igari, H.; Ishii, I. Suspected cholestatic liver injury induced by favipiravir in

a patient with COVID-19. J. Infect. Chemother. 2021, 27, 390–392. [CrossRef]
45. Lin, S.-J.; Kuo, M.-L.; Hsiao, H.-S.; Lee, P.-T. Azithromycin modulates immune response of human monocyte-derived dendritic

cells and CD4 + T cells. Int. Immunopharmacol. 2016, 40, 318–326. [CrossRef] [PubMed]
46. Pani, A.; Lauriola, M.; Romandini, A.; Scaglione, F. Macrolides and viral infections: Focus on azithromycin in COVID-19 pathology.

Int. J. Antimicrob. Agents 2020, 56, 106053. [CrossRef]
47. Rismanbaf, A.; Zarei, S. Liver and Kidney Injuries in COVID-19 and Their Effects on Drug Therapy; a Letter to Editor. Arch. Acad.

Emerg. Med. 2020, 8, e17. [CrossRef]
48. Kelly, M.; O'Connor, R.; Townsend, L.; Coghlan, M.; Relihan, E.; Moriarty, M.; Carr, B.; Melanophy, G.; Doyle, C.; Bannan, C.; et al.

Clinical outcomes and adverse events in patients hospitalised with COVID-19, treated with off-label hydroxychloroquine and
azithromycin. Br. J. Clin. Pharmacol. 2021, 87, 1150–1154. [CrossRef]
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Abstract: Background and Objectives: The coronavirus disease-2019 (COVID-19) pandemic influenced
the healthcare system tremendously, as well as the number of elective surgical procedures worldwide.
The aim of this study is to investigate the COVID-19 pandemic’s impact on esophagectomies. Materials
and Methods: The MEDLINE (via PubMed), Cochrane Library, and Google Scholar bibliographical
databases were systematically searched. Original clinical studies investigating the outcomes of
esophageal cancer surgery during the COVID-19 pandemic were deemed eligible. After exclusion
criteria were applied, eight studies were considered eligible for inclusion. Results: Eight studies
with non-overlapping populations, reporting on patients undergoing esophagectomy for resectable
esophageal cancer during the COVID-19 pandemic, were included in our analysis, with a total
of 18548 patients. Background characteristics for age, lung disease, smoking history as well as
Body Mass Index and age were equal among the groups. The background of diabetes presented a
statistically significant difference among the groups. Perioperative outcomes like reoperation rates,
the length of intensive care unit stay, or readmission rates were not significantly increased during
the pandemic. The 30-day readmission, and 30- and 90-day mortality were not affected either. The
length of hospital stay was significantly lower in the non-pandemic period. Conclusions: The results
of our study support the evidence that in the context of the COVID-19 pandemic, esophageal cancer
operations took place safely and effectively, similarly to the standards of the non-COVID-19 era.

Keywords: esophageal cancer; COVID-19; esophagectomy; perioperative outcomes; post-operative
outcomes; systematic review; meta-analysis

1. Introduction

The coronavirus disease-2019 (COVID-19) pandemic has significantly affected all as-
pects of the global healthcare system [1]. The year 2022 was marked by the emergence of the
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Omicron variant as it spread and became the dominant variant worldwide. Approximately
360 million cases were reported to WHO in 2022, representing more than half of COVID-19
cases reported since the start of the pandemic, and more than during the previous two
years combined [2]. The number of positive tests almost tripled in 2022, as it rose to 20%
from 7% during the first two years of the pandemic. In the same year, approximately
1.2 million people are estimated to have died from COVID-19, representing one in five
deaths in total. Hopefully, as WHO reported in January 2023, the number of deaths is
declining overall, with between 8000 and 10,000 deaths being reported per week.

In this setting, during the first wave of the pandemic, millions of elective surgical
procedures were canceled worldwide, in order to provide better care to COVID-19 patients
and generally support the wider response [3]. In fact, it is estimated that, during the peak
12 weeks of disruption due to the coronavirus pandemic, the cancellation rate would be
72.3 per cent [4]. Profoundly, canceling or postponing elective surgery on this scale could
potentially have an important impact on surgical patients and, consequently, catastrophic
results for health systems worldwide [5]. Patients with esophageal malignancies develop
multiple cancer-related complications, like pain, malnutrition, and poor performance
status, with dysphagia caused by local tumor progression being one of the most frequent
symptoms in patients with advanced disease. Clinicians should be alerted about dysphagia,
being aware about other causes like stroke or foreign bodies, and refer to cancer centers
early if other red-flag symptoms exist (weight loss, progressive dysphagia, or evidence of
metastatic disease).

Furthermore, some elective surgical operations for time-sensitive cases continued,
with a prioritization of patients whose underlying cancer was deemed resectable but
would be at risk for progression, and patients with no other alternative effective treatment
modalities. Indeed, COVID-19-free surgical pathways in both elective and major acute
hospitals were established, in which elective operating rooms, critical care, and inpatient
ward areas were not shared with COVID-19 patients [6]. The purpose of this study is to
systematically retrospectively analyze the impact of the coronavirus pandemic on upper GI
surgeries and especially on esophagectomies for esophageal cancer to assess any differences
in perioperative and post-operative outcomes and delays.

2. Materials and Methods

2.1. Study Design and Inclusion/Exclusion Criteria

This systematic review and meta-analysis project was conducted according to the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) guidelines
and in line with the protocol developed and agreed a priori by all authors [7]. Studies
investigating esophagectomy outcomes during the COVID-19 pandemic and non-pandemic
time periods were deemed eligible for analysis. As a result, two groups of patients were
involved in this study: one group of patients that had an esophagectomy during the COVID-
19 pandemic and one group that had an esophagectomy during the non-pandemic era.
Exclusion criteria for the present systematic review were the following: (i) articles published
in languages other than English; (ii) narrative, systematic, and meta-analysis reviews; (iii)
case reports, errata, comments, perspectives, letters to the editor, and editorials that did not
provide any primary patient data for the COVID-19 and non-COVID-19 esophagectomy
period; (iv) published abstracts with no available full text; and (v) non-comparative studies
(fewer than two study arms). No publication date, sample size restrictions, or any other
search filters were applied.

2.2. Search Strategy

Eligible studies were identified via a search through the MEDLINE (via PubMed),
Cochrane Library, and Scopus databases (end-of-search date: 1 August 2023) carried out
by two independent researchers (GF and SM). The algorithm used for every search was
the combination of the following keywords with all available synonyms: (esophagectomy)
(esophageal cancer) AND (COVID-19). Any disagreements during the screening process
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were resolved by a third reviewer (GG). The reference lists and all previously published
systematic reviews were thoroughly searched for missed studies eligible for inclusion based
on the “snowball” methodology [8].

2.3. Data Extraction

A standardized, pre-piloted form was used for data tabulation and extraction. Two
reviewers (MF and PG) extracted the data independently, and any disagreements were
identified and resolved by a third reviewer (GG). We extracted the following data from
the included studies: (i) study characteristics (first author, year of publication, study
design, study center, country, study period, number of patients), (ii) patient characteristics
(BMI, smoking, age, American Society of Anesthesiology (ASA) score of III), (iii) mortality
outcomes, and iv) long-term post-operative outcomes.

2.4. Risk of Bias Assessment

The Methodological Index for Non-Randomized Studies (MINORS) was used for the
risk of bias assessment of observational studies [9]. MINORS is a valid instrument designed
to assess the methodological quality of non-randomized studies, whether comparative
or non-comparative. MINORS’ domains are scored as 0 if they are not reported, 1 when
they have been reported but with inadequate details, and 2 when they have been reported
while providing adequate information. The global ideal score is 16 for non-comparative
studies; MINORS < 6 is considered as high risk of bias, while MINORS between 6 and 9 is
considered as moderate risk of bias [9].

2.5. Statistical Analysis

The available data were handled according to the principles stated in the Cochrane
Handbook [7]. Data on outcomes of interest were summarized and analyzed cumulatively.
Categorical variables were reported as number of events among the total cases. Based on
the extracted data, odds ratio (OR) and 95% confidence interval (CI) were calculated by
means of 2 × 2 tables for each categorical event; OR > 1 indicated that the trait was more
frequently present in the COVID-19 pandemic group. This is depicted in the forest plot
for each separate variable. Between-study heterogeneity was assessed by estimating the
I2 statistic. High heterogeneity was confirmed with a significance level of p < 0.05 and
I2 ≥ 50%. The random-effects model was used to calculate the pooled effect when het-
erogeneity was high, while the fixed-effects model was used when low heterogeneity
was encountered. All statistical analyses and forest plot generation were performed with
the use of Reviewer Manager 5.4.1 software (Review Manager (RevMan) [Computer Pro-
gram]. Version 5.4.1, Copenhagen: The Nordic Cochrane Centre, Denmark, The Cochrane
Collaboration, 2020).

3. Results

A total of 150 studies were initially identified through our systematic literature search.
After adjusting for duplicates, 30 of them were removed and the records of the remaining
120 underwent the screening process. As a result, 89 of them were discarded as they proved
to be irrelevant, and the full text of the remaining 31 was retrieved. All these data are
available in the PRISMA flow diagram (Figure 1).

Table 1 summarizes the key characteristics of the included studies. The included
studies’ participants ranged from 70 to 17,351, with a total of 14,301 subjects from the
control group and 4247 subjects treated during the COVID-19 pandemic. The studies were
conducted in various geographic regions, including Europe, the United States of America,
and Japan. All studies used a case–control study design [1,10–16].
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Figure 1. PRISMA 2020 flow diagram.

The overall risk of bias was low, apart from one study which was determined to have
moderate risk (Table 2). The most measured outcomes were 30-day mortality, the risk of
grade IV Clavien–Dindo complications, and the total length of hospital stay. However, not
all studies measured the same outcomes.
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3.1. Baseline Patient Characteristics

Patient characteristics did not seem to have a statistically significant difference among
the two groups. Patients with COPD (OR 0.92, CI 95% 0.92 to 1.49, p = 0.73, I2 = 0%),
smoking history (OR 1.40, CI 95% 0.99 to 1.98, p = 0.06, I2 = 0%), and ASA score of III
(OR 0.82, CI 95% 0.53 to 1.27, p = 0.37, I2 = 67%) did not differ in a statistically significant
manner between the groups. The patients’ BMI did not fluctuate significantly (WMD 0.03,
CI 95% −0.20 to 0.26, p = 0.78 I2 = 0%); however, as was the case for the ASA score, it was
only measured in two studies [1,10–12]. Age did not present a significant difference either
(WMD-0.56, CI 95% −1.94 to 0.83, p = 0.08, I2 = 53%). The only characteristic that exhibited
a statistically significant difference was the incidence of diabetes (OR 0.70, CI 95% 0.49 to
0.99, p = 0.04, I2 = 0%), as proportionally more patients with diabetes received treatment
during the pandemic [1,10–14,16] (Figure 2).

Figure 2. Patient basic characteristics [1,10–14,16].

81



Medicina 2024, 60, 31

Before moving to the post-operative outcomes, we chose to measure the proportion of
patients receiving initial treatment (neoadjuvant and/or radiotherapy) in the two groups,
which did not show a statistically significant difference (OR 0.98, CI 95% 0.92 to 1.04,
p = 0.47, I2 = 42%) [1,10–12,16]. In terms of histological diagnosis, the characteristics of
the tumor with regard to the prevalence of adenocarcinoma (OR 1.10, CI 95% 0.80 to 1.51,
p = 0.58, I2 = 0%) and its location (lower third: OR 1.06, CI 95% 0.74 to 1.54, p = 0.74,
I2 = 44%; gastroesophageal junction: OR 0.87, CI 95% 0.62 to 1.22, p = 0.41, I2 = 57%) did
not exhibit a statistically significant difference either [1,10–12,14] (Figure 3).

Figure 3. ASA score, treatment options, and tumor characteristics [1,10–12,14,16].

3.2. Post-Operative Outcomes

In regard to the immediate post-operative outcomes, the proportion of patients
who required re-intubation (OR 0.76, CI 0.36 to 1.59, p = 0.76, I2 = 22%) or reoperation
(OR 0.97, CI 95% 0.57 to 1.64, p = 0.90, I2 = 0%) showed no statistically significant difference.
Similarly, the percentage of grade IV Clavien–Dindo post-operative complications (OR 0.68,
CI 0.40 to 1.16, p = 0.16, I2 = 75%) as well as the rates of anastomotic leak (OR 0.8, CI 95%
0.41 to 1.57, p = 0.52 I2 = 5%) did not differ. These data are also coherent with the rates of
conversion to an open surgical procedure (OR 0.67, CI 0.2 to 1.82, p = 0.43, I2 = 57%), which
also showed no statistically significant difference (Figure 4).
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Figure 4. Immediate post-operative outcomes [1,10–15].

The effects of the immediate post-operative period carry on to the rest of the hospital
stay of the patients, as the rates for ITU readmission (RR 1.29, 95% CI 0.43 to 3.90, p = 0.65
I2 = 0%) and the overall length of the ITU hospitalization (WMD 0.47, CI 95% − 0.14 to
1.07, p = 0.13, I2 =75%) had no statistically significant differentiation between the groups.
However, the only measured outcome that showed statistically significant difference was
the overall length of hospitalization (WMD 1.25, CI 95% 0.64 to 1.85, p < 0.001, I2 = 16%),
where the non-pandemic group had a significantly lower overall length of hospitalization.
Long-term post-operative outcomes, including the 30-day readmission (OR 0.68, CI 95%
0.41 to 1.14, p = 0.14, I2 = 0%), the 30-day mortality (OR 1.09, CI 95% 0.74 to 1.62, p = 0.65,
I2 = 0%), and the 90-day mortality rates (OR 1.06, CI 95% 0.25 to 4.53, p = 0.94, I2 = 0%)
showed no statistically significant difference (Figures 5 and 6). The funnel plot analysis of
the aforementioned variables is depicted in Figures 7 and 8.
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Figure 5. Perioperative outcomes [1,10–13].

Figure 6. Readmission and mortality outcomes [1,10–12,14,15].
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Figure 7. Funnel plots of basic patient characteristic outcomes.

Figure 8. Funnel plots of immediate and long-term outcomes.
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4. Discussion

This systematic review and meta-analysis project attempted to study the effects of the
COVID-19 pandemic on patients undergoing esophagectomy. The aim of this study is to
compare patient outcomes undergoing a surgical treatment of esophageal cancer during
the COVID-19 pandemic versus the non-COVID-19 pandemic era. More specifically, we
found that most outcomes (30-day mortality, 30-day readmission rate, 90-day mortality,
the initial type of treatment offered, re-intubation, conversion to open surgical procedure,
reoperation, anastomotic leak, ITU readmission, graded IV Clavien–Dindo post-operative
complications, and the length of ITU hospitalization) did not differ significantly between
the two groups. The length of total hospitalization as well as the diabetes were the only
patient characteristics that had a statistically significant differentiation among the ones
that were included in this study. These results support the fact that during the pandemic,
safe esophagectomy practice could exist. It seems that policies taken by different hospitals
around the world led to the safe surgical management of esophageal malignancies.

The management of esophageal cancer includes surgery, radiation therapy, chemother-
apy, immunotherapy, or a combination of these treatment strategies [17]. The absence
of a statistically significant difference in the type of initial therapy modalities offered for
esophageal cancer patients during the COVID-19 pandemic, compared to the treatment
modalities administered to another group of patients a year before the pandemic, is a
strong indicator of a high-quality organizational effort and the persistence of healthcare
staff to continue to provide a quality of service as close to the established standard of care
as possible. While the pandemic did have a dampening effect on the activities of many
surgical institutes and intensive care units, some centers for esophageal cancer modified
their protocols to be able to run as a green hub [10,18]. As a result, their personnel were
able to act as close as possible to the pre-pandemic standard of care. Furthermore, the
similarity in esophageal cancer treatment rates before and during the COVID-19 pandemic
sheds light on the prioritization that was ensured for this group of high-risk patients. All
the aforementioned factors may have contributed to the fact that esophagectomy did not
meet the fate of other elective procedures during the COVID-19 pandemic [19].

Basic patient characteristics (BMI, COPD, smoking history, and ASA score of III),
as well as histological features (adenocarcinoma, and location at the lower third of the
esophagus), did not exhibit a statistically significant difference apart from age and diabetes.
In the case of chronological age, it was more common for the patients receiving surgical
treatment before the pandemic to be younger. Although no clear explanation exists, a
potential reason for having younger patients in the non-pandemic era may be attributed to
lockdown policies where young people seek solely emergency care rather than preventive
medicine. On the other hand, old people tend to have a more extensive disease at the
initial diagnosis and become significantly symptomatic, so they may seek emergency care
more frequently [20]. Similarly, patients with esophageal cancer and diabetes constitute a
group whose physiology and characteristics play a significant part in the decision-making
process for a surgical oncology operation. Combining this with the fact that the presence
of diabetes acts as an independent factor for decreased pathologic complete response, as
Alvarado et al. showed in a recent study, these factors could justify the prioritization
of diabetic patients to receive surgical treatment for esophageal cancer [21]. However,
further research is deemed necessary to clarify the age and diabetes differences presented in
this study.

Adding to that, the statistical data of post-operative mortality at 30 and 90 days did not
display any remarkable difference between the pre-pandemic and pandemic settings. More-
over, it is likely that the SARS-CoV-2 infection itself did not affect the early post-operative
outcomes of the esophageal cancer patients undergoing esophagectomy. However, admit-
tedly, many institutions had to implement different strategies regarding patient selection.
One could raise an argument about the unknown number of patients with undiagnosed
esophageal cancer who did not seek medical advice in a timely manner due to hesitancy
in accessing healthcare services because of the fear of COVID-19 transmission. Thus, a
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group of this feeble high-risk population, perhaps, did not undergo esophageal resection
even though such a population would be eligible for esophagectomy. It is possible that this
phenomenon could obscure the true effect of SARS-CoV-2 infection on the post-operational
prognosis of esophageal cancer patients.

While most of the outcomes that were included in this meta-analysis had no statistical
significance, only the total length of hospitalization was favored during the time of the
pandemic. All other metrics associated with post-operative complications (30-day mortal-
ity and readmission, 90-day mortality, the initial type of treatment offered, re-intubation,
conversion to open surgical procedure, reoperation, anastomotic leak and ITU readmission,
graded IV Clavien–Dindo post-operative complications, and the length of ITU hospital-
ization) were found to have no statistically significant difference between the groups. Our
study concludes that the total length of hospital stay during the COVID-19 pandemic is
significantly increased. However, other case series report a significant decrease in the length
of hospital stay during the COVID-19 pandemic [22–24]. One important component of the
decreased hospital stay presented by these studies could be assigned to improved infection
control measures during the pandemic and the need for early discharge [25,26]. A reduced
patient volume during the pandemic could have provided the chance for individualized
care to patients, potentially leading to a different recovery pathway and better outcomes
for the patients [1,10,27].

Nevertheless, the challenging question of whether the SARC-CoV-2 infection itself
presents perioperative risks for patients undergoing esophagectomy, as no patient in
the included studies contracted COVID-19 during the post-operative period, is yet to be
determined. However, in the included studies, there is also no evidence that it can influence
them negatively, for example via anastomotic leakage [12]. With regard to more severe
complications requiring ITU readmission, re-intubation, or reoperation, they also were not
noted to differentiate in a statistically significant manner between the groups. As far as
re-intubation is concerned, it could be attributed to complications such as pneumonia [5],
respiratory failure, or anastomotic leak, which also did not differ between the two groups,
or to pre-existing factors such as respiratory disease and prolonged surgery duration. The
fact that severe complications were avoided, to the point that more intensive methods of
care were not administered further, proves both the non-significant changes between the
populations studied and the quality of care provided. However, these results should be
interpreted with caution as no patients actually had a COVID-19 infection.

It must be mentioned that our meta-analysis does have some limitations. As more
and more studies continue to be published about the effects of the COVID-19 pandemic
on esophagectomy outcomes, the extra data could provide a clearer view of these effects,
and therefore provide us with more definitive conclusions. Moreover, the studies included
were conducted in high-level institutes of specialized care for esophageal cancer. It could
certainly be speculated that the COVID-19 pandemic might have had different results in
other institutes, where the creation of green hubs was not possible, and the re-allocation
of sources to the more critically ill COVID-19 patients was unproportionally prioritized.
Furthermore, the increased hospital stay may be attributed to the fact that several hospitals
implemented preoperative COVID-19 testing, with the patient remaining inpatient in
quarantine while awaiting for the results. Obviously, this could increase the hospital
stay in the pandemic era. This stresses the need to perform further research on whether
preoperative COVID-19 or any other virology testing could take place in places other than
hospitals (in home settings, for example) to reduce the hospital stay or unnecessary patient
hospital visits. Our included studies varied in terms of institution origin, such as the
United States of America, the United Kingdom, Italy, and Japan. This reflects the diversity
of the included population and may raise the potential selection bias given. Also, there
was a significant difference in the included studies’ participants, where the only study
with more than 1000 patients was the Maeda et al. Although the heterogeneity was low in
some outcomes, the length of hospital stay and age presented high heterogeneity. So, these
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outcomes should be interpreted with caution while more studies with more patients are
needed to achieve more unbiased results.

5. Conclusions

It has been demonstrated that during the COVID-19 pandemic, the major perioperative
outcomes of operations for esophageal cancer remain unaffected. Nevertheless, safe surgical
operations both for the patients and the surgeons were achieved with the appropriate
systemwide policies and patient management.
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Abstract: Introduction: Severe acute respiratory syndrome coronavirus 2 caused the coronavirus
disease of 2019 (COVID-19), which rapidly became a pandemic, claiming millions of lives. Apart
from the main manifestations of this infection concerning the respiratory tract, such as pneumonia,
there are also many manifestations from the gastrointestinal tract. Of these, bleeding from the gas-
trointestinal tract is a significant complication quite dangerous for life. This bleeding is divided into
upper and lower, and the primary pathophysiological mechanism is the entering of the virus into
the host cells through the Angiotensin-converting enzyme 2 receptors. Also, other comorbidities
and the medication of corticosteroids and anticoagulants are considered to favor the occurrence
of gastrointestinal bleeding (GIB). Methods: This systematic review was conducted following the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, and the
studies were searched in two different databases (Scopus and PubMed) from November 2019 until
February 2023. All studies that reported GIB events among COVID-19 patients were included. Results:
33 studies were selected and reviewed to estimate the prevalence of GIB. A total of 134,905 patients
with COVID-19 were included in these studies, and there were 1458 episodes of GIB. The prevalence
of GIB, in these 33 studies, ranges from 0.47% to 19%. This range of prevalence is justified by the
characteristics of the COVID-19 patients. These characteristics are the severity of COVID-19, antico-
agulant and other drug treatments, the selection of only patients with gastrointestinal manifestations,
etc. The pooled prevalence of gastrointestinal bleeding was estimated to be 3.05%, rising to 6.2%
when only anticoagulant patients were included. Conclusions: GIB in COVID-19 patients is not a
rare finding, and its appropriate and immediate treatment is necessary as it can be life-threatening.
The most common clinical findings are melena and hematemesis, which characterize upper GIB.
Treatment can be conservative; however, endoscopic management of bleeding with embolization is
deemed necessary in some cases.

Keywords: COVID-19; gastrointestinal bleeding

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a virus that belongs
to the Coronaviridae family [1]. It is a highly contagious virus, so Coronavirus disease
2019 (COVID-19), which started in Wuhan, China in December 2019, rapidly spread into a
pandemic [2,3]. It is a pandemic that counts millions of deaths and more than 700 million
cases. Fortunately, most cases do not require hospitalization. The virus is transmitted
through aerosols and droplets, so it can easily be transmitted [2,4]. Its diagnosis can be
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achieved in several ways [5]. The reverse transcription polymerase chain reaction (rt-PCR)
test is the gold standard technique for the diagnosis of SARS-CoV-2 [5,6], while other
methods include rapid antigen SARS-CoV-2 tests [7,8]. The best way to deal with the
pandemic is prevention, specifically vaccination of the population, the effectiveness of
which can exceed 85% [9].

As for the symptoms of COVID-19, they appear on average 5 to 7 days after infec-
tion [3]. The most common of these are fever, fatigue, cough, and respiratory system
symptoms [2,3]. However, quite often gastrointestinal symptoms also appear [2]. These
include diarrhea, nausea, vomiting, anorexia, and abdominal pain [4,10]. The mechanism
for GI involvement in COVID-19 is explained by the expression of angiotensin-converting
enzyme 2 (ACE2) receptors in the gastrointestinal system. SARS-CoV-2 can bind to these re-
ceptors and enter host cells through the spike protein on its surface. The ability of the virus
to escape from the body’s immune system and the activation of the Furin protease before
entering the host cell also contribute to this mechanism [2,4,10–12]. Another gastrointestinal
symptom in patients suffering from COVID-19 is gastrointestinal bleeding [10,11].

Gastrointestinal bleeding (GIB) is distinguished into upper and lower bleeding with
a characteristic border of the Treitz ligament. Upper gastrointestinal bleeding (UGIB) is
defined as the loss of blood above the ligament of Treitz, i.e., into the duodenum, stomach,
and esophagus. Its most common manifestations are melena and hematemesis [13,14]. The
severity of UGIB depends on the patient’s hemodynamic status, which also determines
how to treat the bleeding [14]. In contrast, lower gastrointestinal bleeding (LGIB) is defined
as bleeding below the ligament of Treitz [15,16]. These two types of bleeding (UGIB and
LGIB) are different clinical entities and are treated differently. However, both can be a
complication of COVID-19 [10].

It has not been ascertained whether the gastrointestinal bleeding in COVID-19 patients
is due to the disease itself; however, it seems that the bleeding is due to other causes (e.g.,
perforation of a peptic ulcer or hemorrhagic gastritis) and that the pathophysiological
mechanism of the COVID-19 plays a secondary role. This pathophysiological mechanism
of GIB in patients with COVID-19 is explained by the entrance of SARS-CoV-2 into in-
testinal host cells through ACE-2 receptors that are highly expressed in gastrointestinal
organs [10,11]. This entrance causes a local gastrointestinal infection that can lead to bleed-
ing [17,18]. Bleeding can also be favored by medication against the COVID-19 infection,
which usually consists of corticosteroids and anticoagulants (to treat the hypercoagulability
that COVID-19 infection can cause) [19]. Finally, sepsis, pneumonia, and multiple organ
failure may be causes of GIB in severely ill patients with COVID-19 [20]. This systematic
review and meta-analysis aimed to determine the prevalence of GIB in patients suffering
from COVID-19.

2. Materials and Methods

2.1. Study Protocol and Guidelines

This systematic review was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [21] and the MOOSE
(Meta-analysis of observational studies in Epidemiology) guidelines [22]. This systematic
review is registered in the Open Science Framework (OSF) with registration number:
10.17605/OSF.IO/M7PAF.

2.2. Eligibility Criteria

Eligibility criteria for this systematic review are presented in Table 1 and were defined
with the PICO framework, which is the most-used model for structuring clinical questions.
Observational cohort studies and cross-sectional studies with COVID-19 patients reporting
GI bleeding events or prevalence of GIB were eligible for inclusion. Systematic reviews,
case reports, letters to the editor, and conference abstracts were excluded.
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Table 1. PICO process.

P (patient/population) General Population

I (intervention/exposure) COVID-19 infection

C (comparison) -

O (outcome) Gastrointestinal Bleeding events/prevalence of
GI bleeding

2.3. Search Strategy and Selection Process

In February 2023, the systematic literature search was conducted in two databases
(PubMed and Scopus). The keywords used were ‘COVID-19’ and ‘Gastrointestinal Bleed-
ing’. The time limit was from November 2019 (emergence of SARS-CoV-2 in China) until
February 2023. The selection process was carried out by two independent reviewers (D.T.
and E. Kar.) who assessed the studies’ eligibility for inclusion in this systematic review
using the title, abstract, and full-text evaluation in the Rayyan platform for systematic
reviews. Any disagreement was solved by a third reviewer (E. Kot.).

2.4. Data Collection Process and Data Items

Data extraction was carried out by one reviewer (D.T.), and another reviewer (E. Kot.)
independently checked the results. The data were extracted in a standardized Excel form.
Data extraction included study details, like the author, year, country, total participants, GI
bleeding prevalence, GI bleeding events, mean age of participants, and gender if mentioned.
The main characteristics of each study are presented in Table 2.

2.5. Quality Assessment

Quality assessment of the included studies was performed using the Newcastle-
Ottawa Quality Assessment Scale for Cohort Studies by two independent reviewers (D.T.,
E. Kar.). Any disagreement was solved by a third reviewer (E. Kot.). The Newcastle-Ottawa
tool consists of three evaluation domains. These are the selection of participating patients,
comparability, and outcomes.

Selection of participating patients includes Representativeness of the exposed cohort,
Selection of the non-exposed cohort, Ascertainment of exposure, and Demonstration that
the outcome of interest was not present at the start of the study. The first question regarding
the representativeness of the exposed cohort is given a star when it comes to Truly or
Somewhat representative. Regarding the Selection of the non-exposed cohort, a star is
given if the Selection of the non-exposed cohort is drawn from the same community as the
exposed cohort. To be given a star in the field Ascertainment of exposure, it must be Secure
record or Structured interviews. Finally, the last star is given if there is a Demonstration
that the outcome of interest was not present at the start of the study.

The 2nd domain on comparability gives two stars related to the comparability of
cohorts based on design or analysis that controlled for confounders.

For the outcomes, the Assessment of the outcome and the follow-up are evaluated. For
the first, a star is given if it is an Independent blind assessment or Record linkage, while,
for the follow-up if it was sufficient to evaluate the results and if several of the participants
submitted to it.

2.6. Statistical Analysis

Statistical analysis was performed with RevMan Software by Cochrane (v.5.3). Meta-
analysis of the GI bleeding prevalence was performed using a random effects model.
Heterogeneity between studies was evaluated with the I2 and Q statistic. The investigation
for publication bias was performed with the construction of funnel plots.

The statistical analysis was performed by one reviewer (D.T.), and another reviewer
(E. Kot.) independently checked the results.
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3. Results

3.1. Study Selection

A total of 604 studies were identified from databases PubMed and Scopus after search-
ing the keywords ‘COVID-19 patients’ and ‘Gastrointestinal Bleeding’. From these studies,
559 were excluded as duplicates, reviews, letters, case reports, and comments. Thus, the
93 remaining studies were screened. A total of 60 of these studies did not meet the in-
clusion criteria of this systematic review and were therefore excluded. Thus, 33 studies
were assessed for eligibility. All 33 were included in this systematic review to estimate the
prevalence of GIB in COVID-19 patients. The identification of studies for this systematic
review is illustrated in the PRISMA 2020 flow chart (Figure 1). All selection stages from the
initial stage to the final stage are depicted [23,24].

Figure 1. PRISMA flow chart summarising study identification and selection.

3.2. Study Characteristics

Among the 134,905 COVID-19 patients who participated in these 33 studies, 1458 GIB
cases were reported. Of these 134,905 COVID-19 patients, the majority are male, while,
at the same time, the median age exceeds 40 in all 33 studies. These studies took place in
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13 different countries (China, USA, Russia, India, Brazil, Germany, Spain, Italy, Denmark,
Finland, Kuwait, Romania, and Turkey). The largest study was carried out in Spain and
involved 74,814 COVID-19 patients in 62 Spanish EDs. The prevalence of GIB in COVID-19
patients varies among the 33 studies and ranges from 0.47% to 19%. This large difference
mainly depends on the characteristics of the COVID-19 patients who participated in the
studies, which are related to taking anticoagulants or the existence of comorbidities. The
characteristics of each study are presented in Table 2.

Table 2. Study Characteristics of included studies.

Study ID Location
Total Subjects

(% Male/Median Age)
Study Type

Gastrointestinal Bleeding
Cases (Prevalence %)

Chen et al., 2021 [25] China 2552 (50.4/57.8) ORCS 40 (1.6)
Alakuş et al., 2022 [26] Turkey 5484 (73/70.1) ORCS 44 (0.8)
Mauro et al., 2021 [27] Italy 4871 (78.3/75) ORCS 23 (0.47)

Trindade et al., 2021 [28] USA 11,158 CCS 314 (3)
Makker et al., 2021 [29] Finland 1206 (60.8/62) ORCS 37 (3.1)

Popa et al., 2022 [30] Romania 1881 (66.6%) ORCS 11 (0.58)
Prasoppokakorn et al., 2022 [31] Thailand 6373 (65.1/69.1) ORCS 43 (0.7)

González et al., 2022 [32] Spain 74,814 ORCS 83 (1.11)
Lak et al., 2022 [33] China 381 (61.4/62.6) CS 16 (4.2)

Rosevics et al., 2021 [34] Brazil 631(54.2/56.7) CS 10 (1.6)
Zellmer et al., 2021 [35] NM 5344 (57.1%) SR 97 (1.8)
Abowali et al., 2022 [36] USA 651 (54.2/66) ORCS 16 (2.85)
Abulawi et al., 2022 [37] USA 1007 (56/63) CCS 76 (8)
Shalimar et al., 2021 [38] India 1342 (70.8/45.8) ORCS 24 (1.8)

Lin et al., 2020 [39] China 95 (47/45.3) ORCS 6 (6.3)
Shao et al., 2020 [40] China 18 (72.2/73.5) ORCS 1 (5.6)

Fanning et al., 2023 [41] NM 11,969 ORCS 276 (2.3)
Zhao et al., 2021 [42] China 368 (51.7/59) ORCS 43 (11.7)

Martin et al., 2020 [43] USA 987 CCS 41 (4.15)
Xiao et al., 2020 [44] China 73 (56.1/43) ORCS 10 (13.7)

Al-Samkari et al., 2020 [45] USA 400 ORCS 19 (4.8)
Wan et al., 2020 [46] China 232 (56/47) ORCS 10 (4)

Mattioli et al., 2021 [47] Italy 105 (58/73.7) ORCS 2 (1.9)
Patell et al., 2020 [48] USA 398 (52.5%) ORCS 33 (8.29)
Bunch et al., 2021 [49] USA 79 (65.8/71) ORCS 2 (2.81)

Qiu et al., 2021 [50] China 34 (71/66) ORCS 6 (17.6)
Russell et al., 2022 [51] Denmark 1377 (68/68) ORCS 108 (8)

Bychinin et al., 2022 [52] Russia 442 (43.5/78) ORCS 9 (2)
Bonafni et al., 2022 [53] Italy 30 (63/68.5) ORCS 3 (10)

Abdelmohsen et al., 2021 [54] Kuwait 30 (70/57.7) ORCS 6 (20)
Neuberger et al., 2022 [55] Germany 51 ORCS 2 (3.90)
Nikolay N. et al., 2022 [56] Russia 387 (29.9/65.4) ORCS 22 (5.7)

Demelo-Rodriguez et al., 2021 [57] Spain 132 (47%) ORCS 25 (19)

ORCS: Observational retrospective cohort study, CS: cross-sectional study, CCS: case-control study, SR:
Survey Research.

3.3. Clinical Findings

Among the 1458 cases of GIB, 107 were manifested by melena, 79 by hematemesis
and coffee ground emesis, 19 by haematochezia, 10 by severe progressive anemia and dark
stool, while for the remaining cases, their manifestation and their clinical findings were not
mentioned. Some of these clinical findings, such as hematemesis and melena, may have
coexisted. These clinical findings are also illustrated in Figure 2.
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Figure 2. Clinical findings of patients with GIB. For the rest of the patients, the clinical findings are
not reported.

It does not include all patients with GIB but only those clinical findings that were
reported in the 33 studies. Hematemesis and melena indicate UGIB.

3.3.1. Comorbidities

Comorbidities of patients with GIB and COVID-19 were also reported. These mostly
concern cardiovascular diseases and hypertension (256/1458) and diabetes (143/1458).
Less common were comorbidities involving renal disease (34/1458) and malignant tumors
(32/1458). Cerebrovascular disease (16/1458) and chronic respiratory disease (10/1458)
were rare. Finally, various other comorbidities were reported (102/1458) such as cirrhosis
and liver diseases. These comorbidities are shown in Figure 3.

Figure 3. The main comorbidities of COVID-19 patients who experienced gastrointestinal bleeding.
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Many of the above-mentioned comorbidities may have coexisted.

3.3.2. Endoscopy Characteristics

Of these 1458 cases, 286 underwent endoscopic procedures. The endoscopic findings
show that the most common finding of GIB in COVID-19 patients is a gastric or duodenal
ulcer (117 patients). Erosive or hemorrhagic gastritis was found in 24 patients, and variceal
bleeding was also found in 24 patients. A rectal ulcer is a rarer finding and was found
in 7 patients. In 55 patients, no pathological finding was found in endoscopies. The
distribution of the findings is shown in Figure 4.

Figure 4. Findings of endoscopic procedures.

3.3.3. Laboratory Findings

A total of 19 of the 33 studies [26–29,31,32,35–38,40,42,43,45,47,51–53,57] included in
this systematic review also report the laboratory findings of patients with COVID-19 who
developed gastrointestinal bleeding. The Table 3 below shows these laboratory findings
which are specifically hematocrit, hemoglobin, platelets, prothrombin time, INR, and
d-dimers [58–61].
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3.3.4. COVID-19 Treatments during Hospitalization in Patients with GIB

The studies in this systematic review refer to the administration of corticosteroids,
anticoagulants, and proton pump inhibitors. Specifically, 112 patients received cor-
ticosteroids (administered due to hyperinflammation [62] and acute respiratory dis-
tress syndrome [63–65]). A total of 215 received anticoagulation due to coagulation
disorders [66–71]. A total of 110 received low molecular weight heparin. Finally, 141
received proton pump inhibitors (to prevent bleeding in COVID-19 patients) [72,73].
These results are shown in Table 4 and concern only the incidents reported in the studies
and not all patients.

Table 4. Treatment of COVID-19 patients who experienced GIB.

COVID-19 Treatments during
Hospitalization in Patients with GIB

Corticosteroids 112
Anticoagulant and antiplatelet therapy 215

LMWH 110
PPI 141

LMWH: Low Molecular Weight Heparin, PPI: Proton Pump Inhibitors.

3.3.5. Outcomes

Regarding outcomes, 119 patients were admitted to the intensive care unit, while
107 COVID-19 patients were intubated with mechanical ventilation. A total of 40 patients
were discharged from the hospital, while 218 patients died. Finally, 16 rebleeding patients
were reported. Outcomes are presented in Figure 5. These deaths were not solely due to
gastrointestinal bleeding but to the general aggravated condition of the patients and the
co-complications of the disease such as respiratory failure.

Figure 5. Outcomes of COVID-19 patients with GIB.

3.4. Quality Assessment

Quality assessment of the included studies was performed using the Newcastle-
Ottawa Quality Assessment Scale for Cohort Studies by two independent reviewers (D.T.,
E. Kar.). The results are listed in Table 5. In the studies in our systematic review, the
majority did not use a non-exposed cohort for this and were not given a star in the selection
domain. All studies were evaluated with good methodological quality except for Shao et al.,
2020 [40] which was considered fair quality.
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3.5. Meta-Analysis Results

The pooled prevalence was estimated at 3.05% (2.58–3.52, 95%CI), but with high
heterogeneity (I2 96%). The forest plot of the pooled prevalence is presented in Figure 6.
Below is illustrated the forest plot and the funnel plot where the prevalence ratio and the
standard error are distinguished, while random effects were used to estimate the pooled
prevalence. Funnel plot is presented in Figure 7.

Figure 6. Forest plot of the pooled prevalence.

Figure 7. Funnel plot of publication bias.

101



Medicina 2023, 59, 1500

Subgroup Analysis
Subgroup (1) According to Treatment

Subgroup analysis was performed based on treatment. In 9 of the 33 studies in this
systematic review, patients on anticoagulation or antiplatelet therapy were included. It
seems that the use of anticoagulants or antiplatelet agents increases the risk of bleeding,
with results also increasing the prevalence of gastrointestinal bleeding in these studies.
However, even after removing these studies, the overall prevalence is estimated at 2.69%
(2.20–3.17, 95%CI) quite close to the value of 3.05% which is in the total number of COVID-
19 patients. The forest plot and the funnel plot show the prevalence distribution, the ratio,
and the standard error. On the contrary, the total prevalence in these 9 studies is estimated
at 6.2% (3.16–9.25, 95%CI). This value highlights the increased prevalence in patients on
anticoagulation or antiplatelet therapy. Heterogeneity did not differ or was reduced in
the subgroup analysis. Results are presented in Figures 8 and 9. Despite this increased
prevalence in anticoagulation-treated COVID-19 patients, a causal relationship between
anticoagulants and gastrointestinal bleeding cannot be confirmed due to lack of data.

Figure 8. Forest plot of subgroup analysis based on treatment.

102



Medicina 2023, 59, 1500

Figure 9. Funnel plot of publication bias on studies included in the subgroup (1) analysis.

Subgroup (2) According to Location of Bleeding

In 17 of the 33 studies [26–31,34,35,37,38,43,44,48,53–56] in the meta-analysis, upper or
lower gastrointestinal bleeding could be distinguished. Thus, it was possible to distinguish
the prevalence of GI bleeding into the upper and lower gastrointestinal tract into two
subgroups. A total of 15 studies reported the prevalence of upper gastrointestinal bleeding,
resulting in a pooled prevalence equal to 1.78% [1.32, 2.24, 95% CI]. Accordingly, 8 studies
report the prevalence of lower gastrointestinal bleeding and give a pooled prevalence
equal to 0.69% [0.30, 1.09, 95% CI] or 1%. Thus, it is understood that upper gastrointesti-
nal bleeding is a more common complication of COVID-19 than lower gastrointestinal
bleeding, a fact that is also confirmed by the clinical findings. The results are visible in
Figures 10 and 11.

Figure 10. Forest plot of subgroup analysis according to the location of bleeding.
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Figure 11. Funnel plot of publication bias on studies included in the subgroup (2) analysis.

3.6. Publication Bias

Publication bias was performed with the construction of funnel plots which are pre-
sented in Figures 7 and 9. The funnel plots showed asymmetry which is evidence for
publication bias.

4. Discussion

In this systematic review, 33 studies were included that addressed the risk of GIB in
COVID-19 patients. A total of 134,905 patients with COVID-19 participated in them, of
which 1458 presented GIB. However, the prevalence of GIB differed between the studies,
with the lowest value of 0.47% and the highest reaching 19%. The prevalence of GIB is
influenced by several factors. It was found to be higher in studies involving COVID-19
patients on anticoagulation factors or in patients with gastrointestinal disturbances. In
contrast, in studies involving patients with COVID-19 without signs of gastrointestinal
involvement or in studies where the sample of patients was very large, the prevalence of
GIB ranged up to 5%. Even this percentage, however, is quite significant, especially if the
dangerousness of the situation is considered.

Our findings from the meta-analysis showed that the pooled prevalence of gastroin-
testinal bleeding is 3.05%. The 95% confidence interval of the prevalence ranges between
2.58 and 3.52, while the heterogeneity is high, reaching 96%. This percentage ranks gas-
trointestinal bleeding among the important complications of COVID-19, but not among
the most common. However, due to the seriousness of this complication, it should be
treated with caution. These percentages increase even more, reaching 6.2% (3.16–9.25,
95%CI) in patients receiving anticoagulant or antiplatelet treatment. This treatment is very
common in COVID-19 patients due to the coagulopathy caused by the virus. Therefore, in
patients under treatment, any symptom suggestive of gastrointestinal bleeding should be
investigated, as well as gastrointestinal bleeding, and included in the differential diagnosis
of various complications.

The guidelines suggest that patients presenting with GIB should undergo endoscopy
within twenty-four hours, for diagnostics and therapeutic purposes [74]. However, COVID-
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19 patients are a different case as they are at greater risk due to pneumonia. Also, the
intubation of many COVID-19 patients is another obstacle in performing endoscopy. Finally,
the risk of transmission of SARS-CoV-2 increases during such operations [75]. For this
reason, the endoscopic approach to patients must be conducted with great care as long
as the conditions allow it. If endoscopy is not possible, then conservative treatment is
preferred. This is based on taking proton pump inhibitors, and antibiotics, while this can
be enhanced by taking somatostatin and terlipressin [76,77]. Finally, fresh frozen plasma
(FFP), packed red blood cells, and intravenous fluid resuscitation are administered [38].

Of the 1458 cases, 286 underwent endoscopic procedures. Gastrointestinal en-
doscopic procedures include esophagogastroduodenoscopy, colonoscopy, and capsule
endoscopy. Esophagogastroduodenoscopies were performed in the majority of those
286 cases, as in most cases the bleeding was in the upper gastrointestinal tract. Of the
286 endoscopies, 54 had a therapeutic purpose. The endoscopic treatment of bleeding
includes various techniques; the most commonly performed are injectable solutions,
hemostatic substances with local action, mechanical methods, elastic rings, hemostatic
knots, stapling mechanisms, or cauterization. If these fail, surgical treatment is indicated.
The success of these mechanisms depends on various factors such as age, hematemesis,
oligemic shock, low hematocrit, as well as other concomitant diseases [78–80]. Of the
injectable solutions, adrenaline is preferred. Clips are used on endoscopically visible
bleeding vessels. Elastic rings are preferred in variceal bleeding, while hemostatic knots
are preferred in polypectomy bleeding.

In the era of COVID-19, therefore, a decrease in endoscopies was observed [81,82].
However, in some cases it was deemed necessary to perform endoscopy to manage GIB.
These cases mainly involved males, with an increased body mass index, anticoagulant
treatment, and multiple comorbidities [83,84]. However, complications due to COVID-19
in these patients led to reduced 30-day survival, with an odds ratio of 0.25 [85]. Despite
reduced survival, no increase in major rebleeding was found [85]. Taking all this into
account, the risks of these interventions may outweigh the benefits [84]. In addition, cases
have been reported in which GIB in COVID-19 patients was self-limiting without the need
for any additional intervention [86]. Finally, increased intensive care unit stays and intuba-
tions were observed for COVID-19 cases undergoing endoscopies for the management of
GIB [87].

Abnormalities in normal laboratory values are also seen in COVID-19 patients with
gastrointestinal bleeding. The drop in hemoglobin is evident, reaching up to the value of
7.2 g/dL, while the normal value in males is between 13.5 and 17.5 g/dL, but in females is
11.5–15.5 g/dL. The platelets appear to be in the lower normal limits, and in some cases,
they are slightly reduced. Normally they should be within the range of 140–400 × 103/mm3.
Prothrombin time and INR are indicators of the body’s coagulation capacity and are used
as an initial control test to detect deficiencies of one or more coagulation factors (factors
II, V, VII, X) as well as to monitor patients under anticoagulant therapy [60]. These seem
slightly affected while finally the d-dimers (soluble fibrin degradation product) [61] were
in the majority of cases above normal values. The changes in these values are due to a
combination of bleeding, COVID-19, and the anticoagulant treatment that many of these
patients are under.

Therefore, the outcomes of GIB in COVID-19 patients differ from non-COVID-19
patients. This difference is recorded in the stay in the intensive care units (ICU), in the
use of corticosteroid drugs, intubation, as well as in the causes of death, as these mainly
concern the respiratory due to the COVID-19 infection [88–90]. No differences are observed
in hemoglobin, in the administration of blood and crystalloid solutions, and the rate of
rebleeding. Also, the etiology of the bleeding and its clinical findings do not differ [89,90].
Finally, during the period of COVID-19, a significant decrease was observed in the number
of patients coming to the hospital with GIB, which is attributed to their unwillingness to visit
the hospital, due to COVID-19 [91,92]. In general, the causative agents of gastrointestinal
bleeding differ slightly from the causes blamed for gastrointestinal bleeding in COVID-19
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patients. In both cases, the main cause of upper digestive bleeding is peptic ulcer, followed
by gastritis, duodenitis, varicocele, and esophagitis [93]. A common causative agent in non-
COVID-19 patients of upper gastrointestinal bleeding is Mallory-Weis syndrome [93,94].
The etiology is more varied when it comes to bleeding from the lower gastrointestinal
tract. In non-COVID-19 patients, bleeding is primarily due to diverticular disease, polyps,
neoplasms, and inflammatory bowel disease [16].

Regarding mortality from GIB, 218 deaths were reported in these 33 studies involving
COVID-19 patients with GIB. However, the majority of deaths is not due to the bleeding
itself but due to the COVID-19 infection. About 10 were directly due to GIB. Chen et al.
suggest that GIB is an independent prognostic indicator of the composite endpoint and
death [25]. These findings are also supported by Popa et al [30]. Popa et al. also suggest that
the administration of anticoagulants does not affect mortality. [30] Additionally, Patell et al.
report an increase in mortality in patients with active cancer who suffer from COVID-19
and experience bleeding episodes [48].

An also frequently reported finding from these studies concerns the increased risk
of GIB in critically and seriously ill COVID-19 patients [25,27,34,42–44,50,52,53,55]. In
particular, the risk of bleeding increases in patients who require admission to an intensive
care unit or are already in it, in patients on mechanical ventilation, and patients with
severe COVID-19 pneumonia. Also, Zhao et al. state that in seriously ill patients the
risk of hidden GIB increases, possibly due to stress-related mucosal disease (SRMD) [42].
This can be seen during gastroscopy and was observed in 2.6% of patients with GIB
admitted to the ICU [95,96]. Neuberger et al. also observed in vivo that severe disease of
COVID-19 may be associated with duodenal SARS-Cov-2 infection, severe duodenitis, and
subsequent bleeding complications [55,97]. Laboratory findings indicating an increased
risk of ICU admission are elevated D-dimers and ferritin and low platelet count [51,57].
Finally, Al-Samkari et al. state that in severe COVID-19 patients, bleeding is major, with a
worse prognosis [45]. These data explain why Mauro et al., where only non-ICU patients
participated, calculated the lowest prevalence of GIB in COVID-19 patients (0.47%) [27].

The most common cause of lower GIB was found to be a rectal ulcer. However,
Martin et al. stress that intrarectal catheters are another cause of LGIB. These are
catheters that reduce the risk of perianal skin breakdown, while at the same time reduce
healthcare workers’ exposure and the risk of hospital-acquired infections. These made
them especially valuable in the COVID-19 pandemic. However, necrosis caused by
pressure ischemia increases the risk of GIB, and this should be seriously considered
before their use [43,98–100].

Patients suffering from COVID-19 often present with hyper-inflammation [62]. This
hyper-inflammation is treated with the use of corticosteroids. Corticosteroids may also help
treat COVID-related acute respiratory distress syndrome (ARDS) [63–65]. Of the 33 clinical
studies used in this systematic review, many cases of COVID-19 patients who developed
GIB while receiving corticosteroids were reported. However, the most important treatment
in hospitalized COVID-19 patients that appears to be associated with the occurrence of GIB
is the administration of anticoagulants [66,67]. It has been found that disturbances in the
balance of vasodilator and vasoconstrictor angiotensin as well as the cytokines of sepsis
caused by COVID-19 result in coagulation disorders. Up to 50% of COVID-19 patients
will develop coagulopathies. [66–71] The treatment of them is based on the administration
of anticoagulants and mainly low molecular weight heparin. Venous thromboembolic
episodes (VTE) are very common in COVID-19 patients and may coexist with bleeding.
Prophylactic treatment for venous thromboembolic events is based on anticoagulant treat-
ment, which appears to increase the risk of bleeding, mainly gastrointestinal [101]. Despite
the higher prevalence of gastrointestinal bleeding in COVID-19 patients who are under
anticoagulant treatment, their association cannot be confirmed due to the lack of data about
the percentage use of anticoagulants in COVID-19 patients without GI bleeding. Finally,
cases of administration of proton pump inhibitors, which are administered to patients with
gastric ulcers at high risk of GIB, were reported. Proton pump inhibitors have been shown
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to contribute significantly to the prevention of bleeding in patients on anticoagulation or
antiplatelet therapy [72,73]. These patient amounts are the ones reported, as not all studies
reported the treatment given to the patients.

Demelo-Rodriguez et al. included only patients receiving standard, intermediate, or
therapeutic doses of VTE prophylaxis. Despite this, it appeared that the prevalence of
GIB was not affected by the dose of the received treatment of anticoagulation [57]. It has
also been found that prophylactic heparin treatment in COVID-19 patients reduces the
need for cardiorespiratory support as well as increased survival in non-severe patients.
Unfortunately, these do not apply to seriously ill patients [102,103]. Norepinephrine and
ventilatory support are associated with thrombotic events, the most common of which is
deep vein thrombosis [52].

Mauro et al., proposed an algorithm (Figure 12) for the management of GIB in COVID-
19 patients, especially upper. According to him, first, the hemodynamic status of the patient
is controlled. Then, it is judged whether the patient needs respiratory support. Then, if the
patient is at low risk, endoscopy can be performed to manage the bleeding within 24 h.
Otherwise, in seriously ill patients, the degree of severity is judged according to the presence
of hematemesis or not [27]. According to Wan et al., the presence of diarrhea may also
indicate the severity of the infection and the need for non-mechanical ventilation [46,104].
Finally, imaging findings may also be useful in diagnosing GIB. In particular, in severe
COVID-19 patients, it is considered very important to perform a CT scan when there are
signs that indicate the existence of bleeding [53]. In Abdelmohsen et al., the most frequent
indication for a CT scan was abdominal distension [54].

Figure 12. Management of upper gastrointestinal bleeding based on the algorithm proposed by
Mauro et al. [27].

The meta-analysis of Marasco et al. estimated the overall prevalence of GIB in COVID-
19 patients. This prevalence was estimated at 5%. The distribution of upper and lower
bleeding was also calculated. In particular, 76.6% of the bleeding concerned the upper
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gastrointestinal system, while the rest concerned the lower [105]. This meta-analysis
reviews only 10 observational studies and therefore only 91,887 cases of COVID-19. In
contrast, the current systematic review included 33 studies and 134,905 cases of COVID-19.

Further research needs to be conducted on the safety of endoscopies in COVID-19
patients. It is also necessary to clarify how exactly GIB occurs in COVID-19 patients and
whether it is caused directly by the infection or indirectly.

This meta-analysis has several strengths and limitations. Firstly, the updated literature
search that includes newly published studies is the main strength compared to others. What
is more, we followed a protocol for the literature search according to PRISMA guidelines.
Furthermore, we conducted a subgroup analysis based on the presence of treatment or not.
However, this research has some limitations. One of them is the absence of double-blind
randomized studies, as only observational studies were found in the available literature.
The small availability of studies on the subject, however, gives this systematic review
strength, as it facilitates the synthesis of the results while simultaneously reducing the
possibility of error.

5. Conclusions

In conclusion, COVID-19 patients show quite frequent gastrointestinal symptoms.
Of them, GIB in COVID-19 patients is not the most common, as symptoms such as diar-
rhea, nausea, vomiting, and abdominal pain prevail. However, it occurs in a significant
percentage and is one of the most important and dangerous complications in COVID-19
patients, where in some cases it requires urgent treatment and can even lead to death.
Upper gastrointestinal bleeding is more common than lower, and the most common clinical
findings are melena and hematemesis. Treatment and management of bleeding are based
on either medication or endoscopic interventions such as embolization, while self-healing
of bleeding is not uncommon.

Author Contributions: Conceptualization, E.K. (Eleni Karlafti), G.K., C.S., A.M. and D.P.; method-
ology, E.K. (Evangelia Kotzakioulafi); software, D.T.; validation, E.K. (Eleni Karlafti), D.T., E.K.
(Evangelia Kotzakioulafi) and S.N.; formal analysis, E.K. (Evangelia Kotzakioulafi) and D.T.; inves-
tigation, E.K. (Eleni Karlafti), D.T., S.N. and A.A.P.; resources, D.P., A.M. and C.S.; data curation,
D.T. and S.N.; writing—original draft preparation, D.T., E.K. (Eleni Karlafti) and E.K. (Evangelia
Kotzakioulafi); writing—review and editing, E.K. (Eleni Karlafti), D.T., E.K. (Evangelia Kotzakioulafi),
A.A.P., G.K., C.S., A.M. and D.P.; visualization, E.K. (Evangelia Kotzakioulafi) and D.T.; supervision,
C.S., G.K., A.M. and D.P.; project administration, C.S., G.K., A.M. and D.P. All authors have read and
agreed to the published version of the manuscript.

Funding: This systematic review received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data are created.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Leao, J.C.; Gusmao, T.P.d.L.; Zarzar, A.M.; Filho, J.C.L.; de Faria, A.B.S.; Silva, I.H.M.; Gueiros, L.A.M.; Robinson, N.A.; Porter, S.;
Carvalho, A.d.A.T. Coronaviridae—Old friends, new enemy! Oral Dis. 2022, 28, 858–866. [CrossRef]

2. Wiersinga, W.J.; Rhodes, A.; Cheng, A.C.; Peacock, S.J.; Prescott, H.C. Pathophysiology, Transmission, Diagnosis, and Treatment
of Coronavirus Disease 2019 (COVID-19). JAMA 2020, 324, 782. [CrossRef] [PubMed]

3. Shi, Y.; Wang, G.; Cai, X.-P.; Deng, J.-W.; Zheng, L.; Zhu, H.-H.; Zheng, M.; Yang, B.; Chen, Z. An overview of COVID-19. J.
Zhejiang Univ. Sci. B 2020, 21, 343–360. [CrossRef] [PubMed]

4. Salian, V.S.; Wright, J.A.; Vedell, P.T.; Nair, S.; Li, C.; Kandimalla, M.; Tang, X.; Porquera, E.M.C.; Kalari, K.R.; Kandimalla, K.K.
COVID-19 Transmission, Current Treatment, and Future Therapeutic Strategies. Mol. Pharm. 2021, 18, 754–771. [CrossRef]
[PubMed]

5. Kevadiya, B.D.; Machhi, J.; Herskovitz, J.; Oleynikov, M.D.; Blomberg, W.R.; Bajwa, N.; Soni, D.; Das, S.; Hasan, M.; Patel, M.;
et al. Diagnostics for SARS-CoV-2 infections. Nat. Mater. 2021, 20, 593–605. [CrossRef]

108



Medicina 2023, 59, 1500

6. D’Cruz, R.J.; Currier, A.W.; Sampson, V.B. Laboratory Testing Methods for Novel Severe Acute Respiratory Syndrome-
Coronavirus-2 (SARS-CoV-2). Front. Cell Dev. Biol. 2020, 8, 468. [CrossRef] [PubMed]

7. Peeling, R.W.; Heymann, D.L.; Teo, Y.-Y.; Garcia, P.J. Diagnostics for COVID-19: Moving from pandemic response to control.
Lancet 2022, 399, 757–768. [CrossRef]

8. Karlafti, E.; Tsavdaris, D.; Kotzakioulafi, E.; Kaiafa, G.; Savopoulos, C.; Netta, S.; Michalopoulos, A.; Paramythiotis, D. The
Diagnostic Accuracy of SARS-CoV-2 Nasal Rapid Antigen Self-Test: A Systematic Review and Meta-Analysis. Life 2023, 13, 281.
[CrossRef]

9. Sharif, N.; Alzahrani, K.J.; Ahmed, S.N.; Dey, S.K. Efficacy, Immunogenicity and Safety of COVID-19 Vaccines: A Systematic
Review and Meta-Analysis. Front. Immunol. 2021, 12, 714170. [CrossRef]

10. Kariyawasam, J.C.; Jayarajah, U.; Riza, R.; Abeysuriya, V.; Seneviratne, S.L. Gastrointestinal manifestations in COVID-19. Trans. R
Soc. Trop. Med. Hyg. 2021, 115, 1362–1388. [CrossRef]

11. Jin, B.; Singh, R.; Ha, S.E.; Zogg, H.; Park, P.J.; Ro, S. Pathophysiological mechanisms underlying gastrointestinal symptoms in
patients with COVID-19. World J. Gastroenterol. 2021, 27, 2341–2352. [CrossRef] [PubMed]

12. Anka, A.U.; Tahir, M.I.; Abubakar, S.D.; Alsabbagh, M.; Zian, Z.; Hamedifar, H.; Sabzevari, A.; Azizi, G. Coronavirus disease 2019
(COVID-19): An overview of the immunopathology, serological diagnosis and management. Scand J. Immunol. 2021, 93, e12998.
[CrossRef] [PubMed]

13. Owensby, S.; Taylor, K.; Wilkins, T. Diagnosis and Management of Upper Gastrointestinal Bleeding in Children. J. Am. Board Fam.
Med. 2015, 28, 134–145. [CrossRef] [PubMed]

14. Kamboj, A.K.; Hoversten, P.; Leggett, C.L. Upper Gastrointestinal Bleeding: Etiologies and Management. Mayo Clin. Proc. 2019,
94, 697–703. [CrossRef] [PubMed]

15. Aoki, T.; Hirata, Y.; Yamada, A.; Koike, K. Initial management for acute lower gastrointestinal bleeding. World J. Gastroenterol.
2019, 25, 69–84. [CrossRef] [PubMed]

16. Hawks, M.K.; Svarverud, J.E. Acute Lower Gastrointestinal Bleeding: Evaluation and Management. Am. Fam. Physician 2020, 101,
206–212.

17. Ye, Q.; Wang, B.; Zhang, T.; Xu, J.; Shang, S. The mechanism and treatment of gastrointestinal symptoms in patients with
COVID-19. Am. J. Physiol.-Gastrointest. Liver Physiol. 2020, 319, G245–G252. [CrossRef]

18. Dioscoridi, L.; Giannetti, A.; Massad, M.; Forti, E.; Pugliese, F.; Cintolo, M.; Bonato, G.; Rosa, R.; Mutignani, M. A ‘double-hit’
damage mechanism can explain self-limited GI bleeding in COVID-19 pneumonia. Gastrointest Endosc. 2021, 93, 1192–1193.
[CrossRef]

19. Sarkar, M.; Madabhavi, I.V.; Quy, P.N.; Govindagoudar, M.B. COVID-19 and coagulopathy. Clin. Respir. J. 2021, 15, 1259–1274.
[CrossRef]

20. Cook, D.; Guyatt, G. Prophylaxis against Upper Gastrointestinal Bleeding in Hospitalized Patients. N. Engl. J. Med. 2018, 378,
2506–2516. [CrossRef]

21. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gotzsche, P.C.; Ioannidis, J.P.A.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.;
Moher, D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare
interventions: Explanation and elaboration. BMJ 2009, 339, b2700. [CrossRef] [PubMed]

22. Brooke, B.S.; Schwartz, T.A.; Pawlik, T.M. MOOSE Reporting Guidelines for Meta-analyses of Observational Studies. JAMA Surg.
2021, 156, 787. [CrossRef] [PubMed]

23. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef] [PubMed]

24. Page, M.J.; Moher, D.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. PRISMA 2020 explanation and elaboration: Updated guidance and exemplars for reporting systematic
reviews. BMJ 2021, 372, n160. [CrossRef] [PubMed]

25. Chen, H.; Tong, Z.; Ma, Z.; Luo, L.; Tang, Y.; Teng, Y.; Yu, H.; Meng, H.; Peng, C.; Zhang, Q.; et al. Gastrointestinal Bleeding, but
Not Other Gastrointestinal Symptoms, Is Associated with Worse Outcomes in COVID-19 Patients. Front. Med. 2021, 8, 759152.
[CrossRef] [PubMed]
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Abstract: Background: The emergence of new SARS-CoV-2 variants calls for more data on SARS-CoV-2
mRNA vaccine response. Aims: We aimed to assess the response to a third mRNA vaccine dose
against SARS-CoV-2 in inflammatory bowel disease (IBD) patients. Methods: This was a single-
center, observational prospective study of IBD patients who received a third mRNA vaccine dose
against SARS-CoV-2. Antibody titers were taken post-third-dose at one and three months using
the Roche Elecsys anti-SARS-CoV-2-S enzyme immunoassay. Titers less than 0.8 units/mL were
considered negative according to the manufactures. Titers between 0.8 units/mL and 250 units/mL
were considered non-neutralizing. Titers greater than 250 units/mL were considered neutralizing.
Results: Eighty-three patients were included, all of whom had detectable antibodies at 3 months
post-third dose. A total of 89% showed neutralizing and 11% non-neutralizing titers. Participants
with non-neutralizing titers were more likely to be on systemic corticosteroids (p = 0.04). Two
participants seroconverted from negative to positive, whereas 86% with non-neutralizing titers
boosted to neutralizing levels. Only one participant with neutralizing titers after a third dose had a
decrease to a non-neutralizing level within 3 months. Conclusions: Our findings support the ongoing
recommendations for additional doses in immunocompromised individuals. However, longitudinal
studies with a greater-sized patient population are needed.

Keywords: COVID-19; SARS-CoV-2; vaccination; IBD

1. Introduction

Initial findings have demonstrated that the majority of patients with inflammatory
bowel disease (IBD), including those with Ulcerative Colitis (UC) and/or Crohn’s Disease
(CD), develop antibodies that persist for at least 6 months following a two-dose series of
SARS-CoV-2 mRNA vaccines [1–3]. However, an attenuated antibody response (a lower
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concentration of anti-SARS-CoV-2 antibodies) has been observed in individuals who are tak-
ing corticosteroids, Tumor Necrosis Factor (TNF-a) inhibitors, or combination therapies (the
concurrent use of biologic medications and immunosuppressive treatments, which may in-
clude thiopurines like 6-mercaptopurine and azathioprine, as well as corticosteroids) [4–6].
These therapies are important for the management of IBD, and oftentimes, the magnitude
of disease activity necessitates the continuation of these therapies regardless of vaccine
prophylaxis of SARS-CoV-2. Consequently, the diminished antibody response following
vaccination in these patients is concerning.

Moreover, subsequent to those studies, the emergence of the SARS-CoV-2 Omicron
variant (BA.1/B.1.1.529) and its sublineages, which exhibit significant immune evasion and
transmissibility, has been observed. The Omicron variant, identified in Africa in November
2021, possesses up to 32 mutations in the receptor-binding domain (RBD) and N-terminal
domain of the spike protein, in comparison to the original variant. As the spike protein is the
target of neutralizing antibodies, the presence of these mutations may enhance the virus’s
ability to evade antibodies, thereby contributing to an increased viral fitness [7]. Recent
studies have indicated that achieving neutralization in immunocompromised patients
might require higher antibody titers [8,9].

In an effort to address waning antibody responses and enhance protection against
novel SARS-CoV-2 variants such as Omicron and Delta (B.1.617.2) pseudo viruses, among
others, the Advisory Committee on Immunization Practices (ACIP) of the Centers for
Disease Control and Prevention (CDC) has recommended a third primary mRNA vaccine
dose for individuals with moderate-to-severe immunocompromization. Additionally,
booster doses are recommended for all individuals aged 5 years and above, at least four
months after completing the initial mRNA vaccine series [10].

Initial studies in IBD patients show that the third dose may be safe to administer. A
single-center study by Pellegrino et al. showed no repercussions in IBD patients to whom
the BNT162b2 vaccine (Pfizer-BioNTech) was administered [11]. Additionally, Li et al.’s
study showed that symptoms for IBD patients after a third mRNA vaccine dose tended to
be milder than symptoms manifested after the second dose [12].

We conducted a single-center, observational prospective study to investigate 1-month
and 3-month outcomes in IBD patients who received their third mRNA vaccine doses.

2. Materials and Methods

2.1. Patient Recruitment

Our study included English-speaking adult patients, defined as 18 years and older,
who are living in the United States and have been diagnosed with IBD. These patients
are maintained on immunosuppression treatment for IBD and/or have other coexisting
conditions with an immune-mediated etiology. Additionally, they received three doses of
FDA-approved mRNA vaccines (mRNA-1273 manufactured by Moderna or BNT162b2
manufactured by Pfizer-BioNTech). Those who had a prior COVID-19 infection were
eligible to participate in the study. To track baseline demographics (age, sex, race) and
clinical notes, including a list of medications patients were taking at the time of the study
(including both IBD and non-IBD meds), we utilized a secure online form on a website
maintained by the study team. Patients who received the third vaccine dose but had no
prior information about their titer levels pre-third dose were not eligible for the study.
Additionally, patients who did not speak English were excluded due to the lack of IRB
approval for non-English consenting scripts. This study was approved by the Johns
Hopkins Institutional Review Board (IRB00248540). Participants were notified about the
study through alerts on their health portals (EPIC Systems Corporation) and by their
physicians. They were informed that the study does not provide the vaccine, and study
team members will not offer any guidance regarding whether one should receive the
booster. Confirmation of the receipt of the third dose was obtained through communication
with the patient and chart review. Informed consent was explicitly obtained from all
participants before their inclusion in the study.

115



Medicina 2023, 59, 1487

2.2. Titer Measurements

Antibody titers were measured using the Roche Elecsys anti-SARS-CoV-2-S enzyme
immunoassay (EIA), which is a pan-immunoglobulin assay targeting the spike protein RBD.
Titer measurements were performed at local clinical laboratories in Baltimore, Maryland,
USA (Laboratory Corporation of America Holdings-LabCorp, Burlington, NC, USA). Mea-
surements were taken before administration of the third mRNA vaccine dose, as well as one
and three months after administration of the third dose. Titers less than 0.8 units/mL were
considered negative according to manufacturer guidelines, and the assay’s saturation limit
was 2500 units/mL. Based on live virus-neutralizing antibody data in immunosuppressed
populations, titers ranging from 0.8 to 250 units/mL were considered non-neutralizing,
while titers greater than 250 units/mL were considered neutralizing [7,8].

2.3. Software Used

Data analysis was conducted using STATA software version 17.0 (StataCorp, College
Station, TX, USA). Study data, including baseline demographics and medication records,
were collected and managed using REDCap secure electronic data capture tools (version
11.0.3) hosted at Johns Hopkins University (Baltimore, MD, USA). Tables were generated
using Microsoft Word.

3. Results

In our study, 83 IBD patients completed a three-dose SARS-CoV-2 mRNA vaccination
regimen and had paired antibody testing performed prior to the administration of the third
dose and at one and three months following the third vaccination dose (Tables 1 and 2).
The median age of participants was 45.2 years, with a female predominance (72.2%). A
total of 28.9% of patients in the study had an additional co-existing diagnosis of rheumatic
disease (RMD).

The majority of patients (57.8%) received mRNA1273 (Moderna, Cambridge, MA,
USA) as their third dose, with a mean (SD) interval of 154 (46.9) days from the second
dose. The remaining 42.2% received BNT162b2 (Pfizer-BioNTech, Mainz, Germany) with a
mean (SD) interval of 172 (39.8) days after the second dose. These findings indicate that
most patients did not receive the third dose within one month after the administration of
the second dose, as recommended by the CDC for individuals with moderate-to-severe
immunocompromization (See Table 1 for details).

Among those who had non-neutralizing antibody levels, the majority were vaccinated
with Moderna (five participants, 55.6%) and the mean (SD) time from second to third dose
was 154 (46.9) days (Table 1). In this antibody titer group, five (55.6%) were being treated
with anti-TNF-a inhibitors and one participant (11.1%) was on combination therapy of a
systemic steroid with anti-TNF-a. Two participants (22.2%) were on mycophenolate mofetil.

Amongst the 83 participants, 1 participant (11.1%) with low titers had a flare post-
vaccination with a third dose. No other adverse events were reported amongst our participants.

All participants with titers available at 3 months post-third dose had antibody titers
checked before receiving the third dose. Table 2 summarizes the kinetics of antibody titers
before and after the third dose. Prior to a third dose, 82 (98.8%) participants had detectable
antibodies, including 42 (50.6%) with non-neutralizing titers, and only 2 (2.4%) had negative
titers before the third dose. One patient was on infliximab monotherapy, and the other
patient was on steroids, mycophenolate mofetil, and tacrolimus. Both patients developed
positive but non-neutralizing antibody levels after the third dose.

At both 1 and 3 months post-third dose, 100% of participants had detectable antibodies,
of whom 74 (89.2%) showed neutralizing titers and 9 (10.8%) showed non-neutralizing
titers at 3 months (Table 2). Notably, the two participants who seroconverted from negative
to positive after a third vaccine dose demonstrated non-neutralizing titers at 3 months,
whereas 36 out of 42 participants (86%) with non-neutralizing titers boosted to neutralizing
levels. Only 1 out of 40 participants (2.5%) attaining neutralizing titers after a third vaccine
dose demonstrated a wane to non-neutralizing level by 3 months.
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Table 1. Demographic and clinical characteristics of IBD patients after the administration of three-
dose SARS-CoV-2 mRNA vaccination regimen.

Non-Neutralizing Antibody Levels (n = 9) 1 Neutralizing Antibody Levels (n = 74) 1

Age, mean (SD) 50.3 (13.2) 47.2 (13.4)
Age, median (MAD)
Female sex, no. (%)

44.8 (10.0)
5 (55.6)

45.2 (10.2)
55 (74.3)

Non-white, no. (%) 0 4 (5.4)
RMD diagnosis, no. (%) 2

Lupus 0 0
Arthritis 2 (22.2) 14 (18.9)
Sjogrens 1 (11.1) 1 (1.4)
Myositis 2 (22.2) 1 (1.4)

Scleroderma 1 (11.1) 0
Vasculitis 1 (11.1) 0

Other 0 1 (1.4)
Total 7 (77.8) 17 (23.0)

Non-Biologics
Meds used in IBD, no. (%)

5-ASA 3 0 2 (2.7)
Thiopurine 4 0 14 (18.9)
Methotrexate 1 (11.1) 1 (1.4)

Tofacitinib 0 2 (2.7)
Non-IBD meds, no. (%)
Hydroxychloroquine 5 0 3 (4.0)

Mycophenolate 6 2 (22.2) 2 (2.7)
Tacrolimus 1 (11.1) 1 (1.4)

Cyclosporine 0 1 (1.4)
Leflunomide 0 1 (1.4)

Biologics
TNF inhibitor 7 5 (55.6) 37 (50.0)

TNF inhibitor monotherapy 4 (44.4) 26 (35.1)
Ustekinumab 0 16 (21.6)
Vedolizumab 0 1 (1.4)

Etanercept 0 1 (1.4)
Corticosteroids

Budesonide 0 4 (5.4)
Systemic Corticosteroid 8 5 (55.6) 8 (10.8) *

Combination therapy
TNF inhibitor 7 and thiopurine 4 or methotrexate 0 7 (9.4)

TNF inhibitor 7 and corticosteroid 8 1 (11.1) 2 (2.7)
Medication held before vaccine, no. (%)

Yes 4 (44.4) 10 (13.5) *
Vaccine, no (%)

BNT162b2 4 (44.4) 31 (41.9)
mRNA-1273 5 (55.6) 43 (58.1)

Time from second to third dose (SD) 146 (30.5) 172 (40.1)
Mean (SD) anti-RBD 115.2 (68.8) 1980.4 (756.9)

Flare, no. (%) 1 (11.1) 3 (4.0)

SD (Standard Deviation), MAD (Median Absolute Deviation), RMD (Rheumatic and Musculoskeletal Diseases),
5-ASA (5-aminosalicylic acid), TNF (Tumor Necrosis Factor). 1 Percentages in the columns are represented as per-
cent of each category in the overall column. Negative antibody response was defined as Roche Elecsys anti-RBD
pan Ig less than 0.8 u/mL. Non-neutralizing antibody titers were defined as anti-RBD pan Ig 0.8 to 250 u/mL.
Neutralizing antibody titers defined as anti-RBD pan Ig greater than or equal to 250 u/mL. No participant had
negative antibody titers at 3 months post-vaccination with a third dose. 2 Participants also have a diagnosis of
systemic lupus erythematosus, myositis, Sj gren’s syndrome, rheumatoid arthritis, systemic sclerosis, ankylosing
spondylitis, reactive arthritis, inflammatory bowel disease associated arthritis, psoriatic arthritis, polyarteritis
nodosa, polymyalgia rheumatica, temporal arteritis, Behcet’s syndrome, eosinophilic granulomatosis polyangi-
itis, Henoch–Schonlein purpura, granulomatous polyangiitis, Takayasu’s arteritis, or microscopic polyangiitis.
3 5-ASA includes prescription of mesalamine, sulfasalazine, and olsalazine. 4 Thiopurines include prescription of
azathioprine and 6-mercaptopurine (6-MP). 5 Hydroxychloroquine includes prescription of hydroxychloroquine
and chloroquine. 6 Mycophenolate includes prescription of mycophenolate mofetil and mycophenolic acid. 7 TNF-
a inhibitors include prescription of adalimumab, infliximab, certolizumab-pegol, golimumab, and etanercept.
8 Other corticosteroid includes prescription of prednisone and prednisone equivalents (such as prednisolone).
* Indicates that the two groups were statistically significantly different using Fisher exact test. p-value for systemic
cosrticosteroids was 0.004 and for holding medication was 0.038.
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Table 2. Antibody response against SARS-CoV-2 spike protein three months following two doses of
SARS-CoV-2 vaccine in patients with IBD, stratified by a one-month antibody response after mRNA
three-dose series.

Antibodies Three Months after D3

Antibodies-before D3
Negative Non-neutralizing titers Neutralizing titers Total

Negative 0 2 0 2
Non-neutralizing titers 0 6 36 42

Neutralizing titers 0 1 38 39
Total 0 9 74 83

Negative response was defined as Roche Elecsys anti-RBD pan Ig less than 0.8 u/mL. Non-neutralizing antibody
titers were defined as anti-RBD pan Ig 0.8 to 250 u/mL. Neutralizing antibody titers were defined as anti-RBD
pan Ig greater than or equal to 250 u/mL. A total of 74 participants (89.2%) exhibited neutralizing antibody titers,
while 9 participants (10.8%) showed positive but non-neutralizing antibody titers at three months following
administration of a third vaccine dose. Among those with neutralizing antibody levels, the most commonly
prescribed medication was TNF-a inhibitors, which were being used by 37 patients (50.0%). Treatment with
thiopurines was observed in only 14 patients (18.9%), corticosteroids in 8 patients (10.8%), and budesonide
in 4 patients (5.4%). Additionally, 7 participants (9.5%) with neutralizing antibody levels were receiving a
combination of anti-TNF-a therapy with thiopurines or methotrexate, and 2 participants (2.7%) were on a
combination of an anti-TNF-a medication with systemic corticosteroids. Three patients (3.6%) with high antibody
titers experienced a flare-up following vaccination.

In contrasting antibody response groups, baseline characteristics were similar, as was
the use of TNFa inhibitor therapy. Participants with non-neutralizing titers, however,
were more likely to be taking systemic corticosteroid therapy (5/9 vs. 8/74, p = 0.04) and
have peri-vaccination immunosuppressive held (4/9 vs. 10/74, p = 0.038). IBD flares
were reported in one (11.1%) of the non-neutralizing titer group and three (4%) of the
neutralizing titer group.

4. Discussion

In this study, we observed a neutralizing anti-RBD antibody titer response in the ma-
jority of IBD patients (89.2%) who received a third dose of an FDA-approved SARS-CoV-2
mRNA vaccine at least 3 months post-vaccination, using the currently recommended defi-
nition of high antibody titers. None of the participants had negative titers after receiving
the third dose. Two participants had negative titers before the third dose but developed
antibodies after receiving the vaccine. Only one participant (2.5%) with neutralizing titers
before the third dose experienced a decrease to non-neutralizing titers at 3 months after
vaccination. Two patients (2.4%) had non-neutralizing titers prior to the booster dose, and
their titers remained non-neutralizing even after vaccination. These patients were either
on infliximab or a combination of mycophenolate mofetil and tacrolimus. Among the four
participants (4.8%) who experienced a flare, three had neutralizing titers. It is currently
unclear why the majority of patients who flared were in the neutralizing titer group. One
possible explanation could be that, compared to the low titer group, a lower proportion
of patients in the high titer group were on anti-TNF-a therapy or systemic corticosteroids,
indicating a possible poor control of their disease. Unfortunately, we did not have any
data regarding the disease severity and activity among the groups. Interestingly, partic-
ipants with non-neutralizing titers were more likely to be taking systemic corticosteroid
therapy. Although there is limited existing literature on this topic, one systematic review
showed that risk factors for not responding to SARS-CoV-2 vaccination included systemic
corticosteroid usage [13].

Other studies have reported similar outcomes to ours. A multicenter prospective
study involving the University of Wisconsin-Madison (Madison, WI, USA) and Mayo
Clinic (Jacksonville, FL, USA) demonstrated that all IBD patients who received a third
SARS-CoV-2 mRNA vaccine dose exhibited a humoral immune response [14]. Additionally,
another study showed that IBD patients on similar treatment regimens to those in our study
were able to mount a serological response comparable to a control group following the
administration of a third dose [15]. A study focusing on patients with autoinflammatory
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rheumatic and musculoskeletal diseases also showed an increased humoral response in
the majority of participants following the administration of a third SARS-CoV-2 mRNA
vaccine dose [16].

Preventative health screening, including updated vaccinations for vaccine-preventable
diseases, is a crucial aspect of IBD patient management. Providers who care for the
IBD community must address the concerns and hesitations surrounding the SARS-CoV-2
vaccine. One study aimed at assessing the sentiments of IBD patients regarding the vaccine
found that 33% of those surveyed were hesitant to get vaccinated primarily due to concerns
about vaccine safety and efficacy [17]. We demonstrated that the administration of a third
mRNA vaccine dose resulted in a neutralizing response in the majority of IBD patients,
confirming the efficacy of the vaccine. Our results align with numerous other studies
examining IBD patients receiving a third SARS-CoV-2 mRNA vaccine, providing consistent
evidence of a humoral immune response. We hope that this can contribute to increasing
confidence in SARS-CoV-2 vaccination for populations with IBD.

Some limitations of our study include a small sample size and a lack of racial and ethnic
diversity within our patient population, with the majority of participants being white.

Furthermore, this study is limited by the absence of formal neutralization testing
against variants of concern and the lack of anti-nucleocapsid testing to monitor subclinical
infections or prior exposure. Additionally, the exact vaccine doses administered were not
ascertainable. No testing was conducted to exclude breakthrough infections that could
have resulted in sustained antibody titers in some participants. Longitudinal studies that
include a diverse representation of IBD patients across the spectrum of disease activity are
necessary to comprehensively assess the depth and durability of immune responses in this
complex group with varying phenotypes.

Ultimately, our findings are consistent with other studies that have examined anti-RBD
kinetics after both two and three doses of mRNA vaccination in IBD patients, as well as
patients with other autoinflammatory diseases. These studies demonstrate that mRNA
vaccines are safe for use in the IBD population [5,14–16].

5. Conclusions

In conclusion, the results of our study support the ongoing recommendation of the
CDC for additional doses of SARS-CoV-2 mRNA vaccines in immunocompromised patients.
While these initial results are encouraging and provide insight into the responsiveness of
patients with IBD to a third mRNA vaccine dose, more comprehensive research involving a
larger patient population and a longer time span is needed.
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Abstract: The main symptoms of coronavirus disease (COVID-19) are fever, cough, tiredness, and
loss of smell and taste. Gastrointestinal symptoms are less common. A 38-year-old female patient,
previously healthy, presented with a history of hematochezia up to 8 times per day, followed by
abdominal cramps, urgency, and chills for two days. She did not have any respiratory symptoms
and was previously vaccinated for COVID-19. She was afebrile, with normal vital signs. Blood
samples showed normal complete blood count and increased C-reactive protein (CRP), fibrinogen,
and D-dimer levels (66 mg/L, 4.1 g/L, and 2302 μ/L FEU, respectively). Stool samples for stool
culture, C. difficile, and viral examination came back negative. On day 3, she reported a mild cough,
fever and loss of smell and taste. Nasopharyngeal swab for SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2) PCR test came back positive. On day 6, the patient still had hematochezia
accompanied by abdominal cramps, but fever and respiratory symptoms withdrew. CRP, fibrinogen,
and D-dimers were still elevated, as well as liver enzyme levels. Sigmoidoscopy was performed with
biopsies taken from sigmoid and rectum for histology and PCR SARS-CoV-2 testing. CT angiography
showed no signs of thrombosis in mesenteric veins or arteries. PCR test for SARS-CoV-2 virus from
rectal biopsy sample was positive. Patient was treated with methylprednisolone iv for two days and
peroral prednisone afterwards, with mesalamine, metronidazole and enoxaparin. Sigmoidoscopy
was repeated after two weeks showing only mild hyperemia. At that time, the patient had normal
stool, normal CRP, liver enzyme, fibrinogen, and D-dimer levels, and normocytic anemia (hemoglobin
level of 103 g/L). We wanted to show that severe gastrointestinal symptoms, such as hemorrhagic
colitis, can be the main presentation of COVID-19, even in young patients with no prior comorbidities.
In such a case, PCR test in biopsy samples can be performed to prove SARS-CoV-2 infection of
bowel mucosa.

Keywords: COVID-19; digestive system infection; gastrointestinal involvement

1. Introduction

In December 2019, novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
which causes coronavirus disease (COVID-19), was identified. The virus rapidly spread
around the world causing a global pandemic [1]. The main symptoms of COVID-19 are
fever, cough, tiredness, and loss of smell and taste [2]. Gastrointestinal symptoms, such as
vomiting and diarrhea, are less common. Here, we present a case of a patient with severe
gastrointestinal symptoms as the main clinical presentation of COVID-19.

2. Case Presentation

A 38-year-old female patient, previously healthy, presented with a history of hema-
tochezia up to 8 times per day, followed by abdominal cramps, urgency, and chills for
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two days. She denied having traveled or having ill contacts, and she did not recall taking
any food or medication that could be the cause of her symptoms. She did not have any
respiratory symptoms and was previously vaccinated for COVID-19. During physical
examination, she was afebrile, with a blood pressure of 110/70 mm Hg, pulse of 60 bpm,
and oxygen saturation of 98%, and an abdominal examination showed tenderness in the left
lower quadrant of the abdomen. Blood samples showed a normal complete blood count,
C-reactive protein (CRP) level of 66 mg/L, fibrinogen level of 4.1 g/L, and D-dimer level of
2302 mcg/L FEU. Stool samples for stool culture, Clostridioides difficile, and viral examina-
tion were taken, and they came back negative. She received azithromycin 500 mg/day for 3
days and rehydration. On day 3 after the first visit, her CRP levels rose to 89 mg/L, and she
reported a mild cough, fever, and loss of smell and taste. A nasopharyngeal swab for SARS-
CoV-2 polymerase chain reaction (PCR) test came back positive. On day 6, the patient still
had hematochezia accompanied by abdominal cramps, but fever and respiratory symptoms
withdrew. CRP level, fibrinogen, and D-dimers were still elevated. Additionally, aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) became elevated (78 U/L
and 61 U/L, respectively). Gastroenterologist was consulted, and sigmoidoscopy was per-
formed. Sigmoid mucosa showed hyperemia, submucosal bleeding, and erosions (Figure 1);
changes were less prominent in rectal mucosa. Biopsies were taken from sigmoid colon and
rectum for histology and for PCR SARS-CoV-2 testing (FTD SARS-CoV-2 Assay, Fast Track
Diagnostics, Luxembourg). Computed tomography (CT) angiography of mesenteric blood
vessels was performed and showed no signs of thrombosis in superior or inferior mesen-
teric vein or artery, and there was no bowel wall thickening. Histology showed plasma cell
and neutrophil infiltration in lamina propria, cryptal abscesses, and cryptal destruction
(Figure 2). A PCR test for SARS-CoV-2 virus from colonic biopsy sample was positive. The
viral load of the respiratory specimen was higher than that of the rectal specimen, based
on the Ct values. The patient was treated with methylprednisolone iv. for two days and
peroral prednisone afterwards, with mesalamine orally and rectally, metronidazole orally
and enoxaparin. On day 11, the patient was feeling better, with 5–6 normal stools per day
with traces of blood; the blood samples showed normal CRP, AST and ALT, fibrinogen 3.7
g/L, and D-dimers 1332 mcg/L FEU. A control sigmoidoscopy was performed two weeks
after the first one and showed only mucosal hyperemia (Figure 3). The patient eventually
recovered completely with no residual symptoms.

 
Figure 1. Sigmoidoscopy image of COVID-19 colitis showing submucosal bleeding.
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(a) (b) 

Figure 2. Histology of colonic mucosa: (a) Destructed crypt with granulocyte, eosinophil, and plasma
cell infiltrate. Hematoxylin and eosin, ×400; (b) Neutrophil infiltrate in upper half of lamina propria
in colonic mucosa. Hematoxylin and eosin, ×200.

 

Figure 3. Sigmoidoscopy image of COVID-19 colitis after recovery.

3. Discussion

Our patient presented with a hematochezia, abdominal pain, and chills. As she was
previously vaccinated for COVID-19, and she did not have any respiratory symptoms,
COVID-19 infection was not suspected at first as the cause of her symptoms. Firstly, infec-
tious colitis due to other possible pathogens was excluded, including bacterial (Salmonella
spp., Shigella spp., Escherichia coli, Yersinia enterocolitica, Campylobacter jejuni), viral (Norovirus,
Adenovirus) and C. difficile infection (glutamate dehydrogenase antigen toxin screen). It is
now well known that SARS-CoV-2 infection can cause gastrointestinal symptoms in 12%
up to more than 60% of patients [3,4], and, in some, they can even precede or be present
without respiratory symptoms [5]. Most common gastrointestinal symptoms of COVID-19
are diarrhea, nausea, and vomiting [6], and symptoms of hemorrhagic colitis were reported
only in several cases so far [7,8].

SARS-CoV-2 binds to angiotensin-converting enzyme (ACE) 2, which is expressed in
the gastrointestinal epithelial cells, among other tissues. Viral nucleocapside protein and
viral RNA were also detected in gastrointestinal epithelial cells, proving that SARS-CoV-2
could cause gastrointestinal infection [9]. Qian et al. [10] found coronavirus virions in
rectal tissue observed under the electron microscopy, also proving that SARS-CoV-2 can
cause active gastrointestinal infection. Furthermore, SARS-CoV-2 RNA was detected in
stool samples in around half of the patients [9] with COVID-19. Unfortunately, viral stool
sampling was performed only for Norovirus and Adenovirus, and SARS-CoV-2 virus was
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not determined in stool samples of this patient. From data published so far, it is known
that SARS-CoV-2 can cause ischemic colitis in patients with severe COVID-19 infection,
due to hemodynamic instability and vasopressor therapy. That was not the case in our
patient, who was young, with no comorbidities, with a mild course of COVID-19, and
without hemodynamic instability. COVID-19 infection itself could cause coagulopathy in
large and small blood vessels by causing endotheliitis and systemic inflammation [11,12],
leading to various thrombotic vascular conditions, ischemic colitis being among them. An
international multicenter study of COVID-19 patients undergoing endoscopy showed that
around third of the patients had changes that resemble ischemic colopathy [13].

Differential diagnosis of acute, hemorrhagic colitis is diverse. Besides infectious agents,
acute colitis can be caused by inflammatory bowel disease, ischemia, drugs, neutropenia,
radiation, etc. [14].

Considering the age of the patient, the first manifestation of ulcerative colitis could be
considered as a cause of her symptoms. Ulcerative colitis is an inflammatory bowel disease
in which inflammation involves rectal mucosa, but it can also extend to more proximal
parts of the large bowel. Most common symptoms of ulcerative colitis are diarrhea, rectal
bleeding, tenesmus, and urgency. During endoscopy, changes seen can be mild, such as
mucosal hyperemia or decreased vascular pattern, to more pronounced, such as erosions,
ulcerations, or spontaneous bleeding. Changes spread continuously from rectum to more
proximal parts of the colon. In this patient, endoscopic findings did not correspond
completely to findings that can usually be seen in patients with ulcerative colitis. For
example, rectal mucosa was almost normal [15].

Another inflammatory bowel disease that can be the cause of colitis and hematochezia
is Crohn’s disease of the colon. Most common symptoms of Crohn’s disease are diarrhea
and abdominal pain, but fever, fatigue, anemia, and other systemic symptoms can also
appear. Endoscopic findings in Crohn’s colitis are aphthous ulcers or presence of deep
ulcers that cause cobblestone appearance of the colonic mucosa. Rectum is usually spared.
On abdominal CT scan in Crohn’s disease patients, discontinuous lesions can be seen, as
well as bowel wall thickening reflecting the transmural nature of the inflammation [16].

Besides the SARS-CoV-2 virus, ischemic colitis can also be caused by thrombotic or
embolic events within large mesenteric arteries, drugs, vasculitis, volvulus, strenuous
physical activity, shock, etc. It usually affects the population older than 65 years of age,
with cardiovascular comorbidities or diabetes mellitus. In younger patients, ischemic colitis
is usually caused by various drugs (such as oral contraceptives, nasal decongestants, and
cocaine), vasculitis, coagulation disorders, or heavy exercise. Colon is especially susceptible
to ischemia due to its relatively low blood flow and its sensitivity to autonomic stimulation.
The most common symptoms of ischemic colitis are hematochezia, diarrhea, abdominal
pain, and urgency, and it is usually characterized with an abrupt onset of symptoms.
Abdominal CT imaging and colonoscopy are diagnostic methods of choice. CT imaging
shows bowel wall thickening, bowel dilation, and thumbprinting. Pneumatosis or portal
vein gas can also be seen in severe cases. During colonoscopy, segmental distribution
and rectal sparing are common. Hyperemia, with or without ulceration, and submucosal
hemorrhage are usually found. Biopsies should be obtained, and typical findings are
mucosal and submucosal oedema and hemorrhage, with erythrocyte extravasation in
lamina propria [14,17].

Colitis caused by drugs can be manifested as a drug reaction with eosinophilia and sys-
temic symptoms (DRESS) syndrome, which is characterized not only by fever, eosinophilia,
skin rash, and lymphadenopathy, but also by visceral organ involvement, such as colitis.
It can be caused by various drugs, but most commonly by karbamazepine. The main
symptoms of DRESS colitis are diarrhea (with or without hematochezia) and abdominal
pain, and symptoms usually appear weeks after exposure to the culprit drug. The course of
DRESS syndrome is usually unpredictable, and delayed autoimmune sequelae can develop.
During colonoscopy, ulcerations can sometimes be found. On histology, eosinophil and
plasma cell infiltration is typically seen [18].
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In this case, the most probable cause of the patient’s symptoms was SARS-CoV-2 infec-
tion. SARS-CoV-2 PCR tests, both in the nasopharyngeal swab and sigmoid biopsy sample,
came back positive. The patient had fever and other respiratory symptoms of COVID-19,
although they were mild and short term. Moreover, elevated liver transaminase levels
and D-dimers also pointed to the viral cause of her symptoms. Other possible infective
causes were excluded. Clinical symptoms, with the abrupt appearance of hematochezia and
abdominal pain, and no prior history of gastrointestinal symptoms did not point in favor of
inflammatory bowel disease, and neither did endoscopy findings. Additionally, the patient
recovered completely and did not have any more disease flares, even though she was not
taking any medication to maintain the disease remission. Ischemia due to thromboembolic
incidents of large mesenteric arteries or veins was excluded by CT angiography and was
not probable, as the patient was young and without comorbidities. Other potential causes
of ischemic colitis, besides SARS-CoV-2 infection, were also excluded. Lastly, colitis caused
by drugs, such as the one that appears as a part of DRESS syndrome, was not likely, as the
patient denied taking any drugs prior to beginning of her symptoms. Therefore, in our
patient, hemorrhagic colitis was caused either by direct cytopathic effect of viral infection
in colonic mucosa or by focal ischemic changes due to coagulopathy in small blood vessels
of the colon. Our finding that viral load from nasopharyngeal swab was higher than from
colonic biopsy samples, was consistent with previous reports that viral loads from respira-
tory tract samples are usually much higher than in non-respiratory samples. High viral
loads from samples from upper respiratory tract are not related with clinical manifestations
and can also be found in asymptomatic patients. This can be explained by the fact that
higher viral load poses a greater risk for further transmission of the virus [19]. The lower
viral load in bowel mucosa in this patient shows that probably both the cytopathic effect of
viral replication in epithelial cells of bowel mucosa and focal ischemia due to coagulopathy
were the cause of hemorrhagic colitis.

As no conclusive data on the treatment of hemorrhagic colitis which accompanies
COVID-19 was published at the time of this case, therapy was given to address potential
causes and consequences of inflammatory changes in bowel mucosa. As it was suspected
that both viral infection of colonic mucosa and coagulopathy of colonic small blood vessels
were cause of symptoms in our patient, she was treated with corticosteroids to lower the
inflammatory burden of COVID-19 infection systemically. Mesalamine is a medication
used in ulcerative colitis as a systemic and topical treatment. It is shown that it reduces in-
flammation of the intestinal mucosa acting locally. It is a safe and well-tolerated medication,
with proven efficacy in mild to moderate ulcerative colitis [20]. In this patient, we used
mesalamine to lower the inflammatory burden locally in the intestinal mucosa. Small-dose
low-molecular-weight heparin (LMWH) was given to address the possible coagulopathy.
Metronidazole was firstly used ex juvantibus, to address the possible C. difficile infection.
When the result came back negative, it was continued to lower the possibility of bacterial
translocation from bowel lumen to bloodstream.

4. Conclusions

Data about COVID-19 colitis are scarce. We wanted to show that severe gastrointestinal
symptoms, such as hemorrhagic colitis, can be the main presentation of COVID-19, even in
young patients with no prior comorbidities. In such a case, a PCR test in biopsy samples
can be performed to prove SARS-CoV-2 infection of bowel mucosa. Combination of
corticosteroid therapy, mesalamine and LMWH showed to be effective in our patient.
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