
46

 
 
 
 
Phil J of Gastro 2021 Vol 10 No 1 

 
In the liver, HBOT has been studied in hepatic artery 

thrombosis, acute liver injury, non-alcoholic 
steatohepatitis, and liver-related cancer. The beneficial 
effects of HBOT in the liver are mainly attributed to its 
anti-oxidation, anti-inflammation, regeneration and 
heme oxygenase-1 (HO-1) properties, which seem to be 
closely involved in HBOT-mediated protection.1

 

Liver injury can be induced by diverse etiologies, 
which include hepatotropic viruses, chemicals, alcohol 
and drug abuse, autoimmune disorders, cholestasis, and 
metabolic diseases. Liver injury induced by carbon 
tetrachloride (CCl4) causes oxidative stress via lipid 
peroxidation. It is metabolically activated by 
cytochrome p450 2E1, which produces trichloromethyl 
radicals. CCl4 stimulates liver injury through 
hepatocellular DNA damage, inflammation, apoptosis 
and fibrosis. Further liver damage occurs from exposure 
to reactive oxygen radicals released from activated 
Kupffer cells.1,3 Chronic insult to the liver through this 
mechanism can cause chronic liver disease. 

Chronic liver disease (CLD) refers to a long-term 
pathological process of continuous destruction of liver 
parenchyma and its gradual substitution with fibrous 
tissue. It is a major cause of morbidity and mortality in 
many countries.4,5 Liver fibrosis is a common result of 
the inflammation-damage-repair response following 
different types of chronic insult to the liver. In patients 
who develop liver fibrosis, the majority ultimately 
develop liver cirrhosis, decompensated liver disease, 
and hepatocellular carcinoma (HCC). HCC is a dominant 
complication of CLD and cirrhosis, with the third highest 
death rate among malignancies in the world.5 
Information on the stage of hepatic fibrosis is essential 
for making a prognosis and deciding on anti-fibrosis 
treatment.4  

Currently, there is paucity of data with regard to the 
beneficial effects of HBOT on liver diseases. The main 
objective of this experimental study is to investigate the 
effect of HBOT on liver function and fibrosis, using a rat 
model of CCl4-induced liver injury. Specifically, the study 
aims to (1) compare the serological parameters of liver 
function between experimental group rats (with CCl4-
induced liver injury exposed to HBOT) against controls 
(exposed to room air), particularly: alanine 
transaminase (ALT), alanine aspartate (AST), total 
bilirubin, conjugated bilirubin, unconjugated bilirubin, 
alkaline phosphatase, total protein, albumin, globulin, 
platelets, and prothrombin time; and (2) using the IASL 

(International Association for Study of the Liver) scoring 
system, compare the histologic stage for hepatic fibrosis 
of rat livers with CCl4-induced injury exposed to HBOT 
(experimental group) as against those of rats with CCl4-
induced liver injury exposed to room air only (controls). 

Sample Size Estimation 

Sample size was computed using the formula 
n=1+2C(s/d)2 based on the parameter assumptions of 
significance level at 0.05 with a power of 90%, and a 
constant C of 10.51 on a two-tailed alternative 
hypothesis. Sample size was calculated at 16.41 animals 
in each group. A total of 51 rats were used in the study, 
equally divided into three groups: 17 rats for the pilot 
study group (rats that were sacrificed immediately after 
carbon tetrachloride liver injury induction), 17 rats for 
the control group (rats with desired degree of hepatic 
injury and exposed to room air only), and 17 rats for the 
experimental group (rats with desired degree of hepatic 
injury and exposed to HBOT). 

Methodology 

Animal Maintenance and Regulatory Compliance 

Rats were obtained from the Philippine Department 
of Science and Technology (DOST) in whose animal 
facility these animals were grown. The hospital 
Institutional Animal Care and Use Committee and the 
Bureau of Animal Industry approved the study in 
accordance with RA 8485 (Animal Welfare Act of 
the Philippines) and the institution’s guide for use of 
laboratory animals. 

During the course of the study the rats were 
maintained under St. Luke’s Medical Center Research 
and Biotechnology (SLMC-RBD) animal testing 
quarantine protocol. They were housed in a separate 
area under standard conditions dictated by SLMC-RBD 
protocol, including cage cleaning method, humidity, 
ventilation, room temperature regulation at 22-240C 
and a 12-hour light/dark cycle. 

All animals were fed with standard diet and water, 
but were fasted for eight hours prior to blood collection, 
hepatectomy and animal euthanasia.  

Induction of Hepatic Injury 

CCl4-induced injury to the liver causes lipid 
peroxidation by trichloromethyl radicals leading to 
hepatocellular membrane damage. Liver injury was 
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Abstract

 Significance: Patients with Coronavirus Disease 2019 (COVID-19) usually have 
respiratory symptoms. However, some patients present with gastrointestinal 
(GI) symptoms. Studies on the association of clinical outcomes and GI 
symptoms are conflicting. Attention to atypical symptoms like digestive 
symptoms is important for extensive identification, implementation of efficient 
quarantine protocols and ultimate control of COVID-19 transmission. Findings 
can also contribute to Philippine data on the management of COVID-19.

 Objectives:This study aims to determine the association of GI symptoms 
with severity of COVID-19 infection and mortality in COVID-19 patients. 

 Methods: In this retrospective, single-center, cohort, data from 348 adults 
with confirmed-COVID-19 patients admitted in Manila Doctors Hospital from 
March 1, 2020 to August 31, 2020 were reviewed. Demographic profile, 
disease severity and clinical outcomes were summarized and the association 
of GI symptoms and disease severity was determined using logistic regression. 

   Results: Of the 348 patients, 38.5% had GI symptoms. Diarrhea was the most 
common symptom (50%). Patients with GI symptoms were older (54.42±17.92 
vs 47.7±17.49, p<0.01), had higher values of AST (44.1±57.39 vs 32.1±39.2, 
p=0.017), ALT (57.23±67.92 vs 44.72±43.95, p=0.029), creatinine (166.19±325.43 
vs 99.8±158.32, p=0.014), BUN (6.59±10.21 vs 4.49±5.92, p=0.015), and 
quantitative CRP (17.12±41.33 vs 7.08±23.38, p=0.005), lower procalcitonin 
(0.32±0.6 vs 0.8±2.85, p=0.009) and albumin (25.85±14.89 vs 20.14±17.33, 
p< 0.01), and higher incidence of bilateral pneumonia (63% vs 50%, p=0.006). 
These patients had moderate (p=0.003) and critical (p=0.049) severity on 
admission. During hospitalization, those with GI symptoms had higher cases 
of critical illness (28% vs 21%, p=0.0480), but no statistical difference in 
death (19% vs 14%, p=0.1510) compared to those without GI manifestations.

 Conclusion: Gastrointestinal manifestations are common in COVID-19. GI 
symptoms were associated with moderate and critical disease but were 
not associated with higher death rates. 

 Keywords: COVID-19, SARS-CoV-2, gastrointestinal manifestations, 
gastrointestinal symptoms
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Introduction

 In December 2019, cases of pneumonia of unknown etiology 
were first reported in Wuhan City, Hubei Province, China. In 
January 2019, this virus was isolated and sequenced as a novel 
coronavirus, now known as the Severe Acute Respiratory Distress 
Syndrome Coronavirus 2 (SARS-Cov2). Within a few months, the 
outbreak had spread across China then worldwide, crippling 
global health and economies. (1) By March 2020, this disease 
called Coronavirus Disease 2019 (COVID-19) was declared a 
pandemic by the World Health Organization. COVID-19 has a 
wide spectrum of manifestations, from mild cough to severe 
respiratory failure that can be potentially fatal. It has a tropism 
for the respiratory tract with most infected patients presenting 
with fever and cough. As the pandemic continued to evolve, 
several cases have shown that extra-pulmonary symptoms 
including gastrointestinal (GI) symptoms are just as common, 
with incidence varying among different populations. 

 Studies have suggested that up to 50% of COVID-19 patients 
will present with at least one GI symptom, with diarrhea as the 

C. Description of Outcome Measures

  o COVID-19 RT-PCR Confirmed Infection were classified 
clinically into disease severity based on the PSBIM Interim 
Management Guidance for COVID-19, Version 3.1 (9)

   1. Mild COVID-19 Infection had disease with signs and 
symptoms such as fever, cough, fatigue, anorexia, myalgia, sore 
throat, nasal congestion, headache, diarrhea, nausea, vomiting, 
anosmia or aguesia, and with no signs of pneumonia or hypoxia.

     2. Moderate COVID-19 Infection had disease with signs of 
non-severe pneumonia (e.g. fever, cough, dyspnea or difficulty 
breathing), respiratory rate 21-31 breaths per minute, Oxygen 
Saturation >92% on room air.

Methodology

A.Study Design

 This is a retrospective, single-center, cohort study of patients 
eighteen years old and above with RT-PCR-confirmed COVID-19 
admitted at Manila Doctors Hospital from March 1, 2020 to 
August 30, 2020. Sample size computation for this descriptive 
study was done in Epi Info version 7.1.4.0 with the following 
assumptions: (1) the total population size of COVID19 patients 
admitted from March 1, 2020 to August 30, 2020 was 377; (2) 
the outcome, gastrointestinal problem occurs in up to 50.5% 
(10); (3) the desired precision is 5%. The computed sample size 
at <5% margin of error was 191. Patients who were diagnosed 
with pneumonia but had no COVID-19 RT-PCR test done, with 
known GI disease, and those who were transferred to another 
hospital for further management were excluded from this study.

 B. Operational Definitions

  o Gastrointestinal (GI) manifestations included one or more 
of the following: loss of/decreased appetite, nausea, vomiting, 
abdominal pain, bloating, diarrhea and GI bleeding. Diarrhea 
was defined as passage of ≥3 stools per day. Symptoms were 
noted before admission and within 3 days of admission. 
  
  o GI Symptomatic were COVID-19 patients who presented 
with ≥ 1 GI symptoms prior to admission and within 3 days of 
admission.

   o  GI Asymptomatic were COVID-19 patients who did not 
present with any GI symptom prior to admission.

  o COVID-19 Confirmed was a patient with laboratory-
confirmed COVID-19 test through RT-PCR in a national or 
subnational reference laboratory or a DOH-certified laboratory 
testing facility. (9)

most common GI manifestation. (2) In the Philippines, there 
are patients who would come to the hospital not for the classic 
symptoms of COVID-19 but for abdominal pain, bloating or 
diarrhea. These patients sometimes test positive for the novel 
coronavirus. 

 Angiotensin converting enzyme 2 receptor (ACE2), abundant 
in lungs, GI tract and kidneys, is thought to be responsible for 
SARS-CoV-2 entry into the host cells. (3, 4) SARS-CoV-2 has 
also been identified in fecal specimens, and the potential for 
viral transmission through endoscopic procedures by close 
contact had been described. (5) Several studies have reported 
the relationship of GI symptoms with longer illness duration, 
disease severity, ICU stay and death. (6, 7, 8) There is growing 
interest in whether GI symptoms are associated with severe 
COVID-19 disease. Therefore, in this study, we aim to explore GI 
manifestations of COVID-19 in the Filipino population, including 
clinical characteristics and associated outcomes especially 
disease severity.
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more independent variables that can be either continuous or 
categorical which are your demographic and clinical variables. 
This is used to determine risk factors associated with an 
outcome. A p-value of less than 0.05 is considered significant.

Results

  From March 1, 2020 to August 31, 2020, there were a total of 
377 adult patients who tested positive for COVID-19 and who 
were admitted at MDH (Figure 1). Twenty-nine patients did not 
meet the inclusion criteria: 20 patients had known GI disease (GI 
cancer, cirrhosis, chronic hepatitis, fatty liver, GERD), 7 patients 
transferred to another hospital hence outcomes were not 
completely followed up, and 2 patients were pediatric cases. 
Three hundred forty-eight (348) patients were, thus, included 
in the study. Of the 348 patients, 134 patients presented with 
GI symptoms.

  Demographic profile of patients is shown in Table 1. There was 
no statistical difference in COVID-19 patients with and without 
GI symptoms in terms of sex, although COVID-19 patients were 
mostly male. COVID-19 patients with GI symptoms were older 
with a mean age of 54.42±17.92 (p<0.01). There were also 
more patients with GI symptoms and with comorbidities such 
as hypertension (59% vs 40%, p<0.01), diabetes (28% vs 20%, 

p=0.038), post-cerebrovascular disease (7% vs 3%, p=0.040) 
and chronic kidney disease (10% vs 4%, p=0.11). There was no 
significant difference in the duration from illness to onset of 
admission in both groups (GI symptomatic = 7.53±5.4 days vs GI 
asymptomatic = 6.34±9.13). 

Figure 1. Flow of the Study
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Table 1. Demographic profile and baseline laboratory results of patients on admission. Mean values of 
laboratory results were based on the total number of patients who had respective laboratory study done.
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 Table 1 also shows the baseline laboratory values of the 
two groups on admission. Mean values were based on the 
total number of patients who had the respective laboratory 
examination done, since not all patients in the study had a 
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 In Table 3, mild disease on admission was noted more on 
those without GI symptoms (21.6% vs 42.52%, p<0.01), while 
moderate and critical infection on admission were noted 
more on those with GI symptoms (moderate 53.7% vs 39.25%, 
p=0.003; critical 17.9% vs 11.68%, p=0.049). Compared to 
COVID-19 patients without GI symptoms, there were also 
more patients with GI symptoms who had septic shock (19% 

vs 11%, p-value 0.017), acute kidney injury (11% vs 9%, p-value 
<0.01) and acute myocardial injury (5% vs 1%, p-value <0.02). 
There were also more patients with GI symptoms who had 
acute respiratory distress syndrome, but difference from those 
without GI symptoms was not statistically significant (p-value 
0.107). 

p=0.009), while albumin was still lower than normal but higher 
than those without GI symptoms (25.85±14.89 vs 20.14±17.33, 
p< 0.01). There are also more patients with GI symptoms having 
bilateral pneumonia in imaging studies (63% vs 50%, p=0.006).
 
 Overall, there was a total of 134 COVID-19 patients (38.5%) 
who have had at least one GI symptom as shown in Table 2. 
Of these patients, diarrhea (50%) was the most common 
symptom, followed by loss of appetite (40%), abdominal pain 
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bloating (2%) and constipation (2%).

Table 2. Distribution of Gastrointestinal Symptoms
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 Binary logistic regression analysis was used to check for 
association of symptoms with outcomes of disease severity 
and death (Table 4). Odds ratio was adjusted for the known 
predictors of poor outcomes such as age and comorbidities such 
as hypertension, diabetes, chronic lung and kidney disease. In 
this analysis, those with abdominal pain were 3.194 times more 
likely to develop severe to critical disease (OR=3.194, p<0.05); 
this was statistically significant. Patients with GI bleeding were 

6.892 times more likely to develop in to severe to critical 
severity (OR 6.892, p=0.171), but this finding was not significant. 
Significantly increased risk for death was noted in patients who 
had Gl bleeding (OR=18.616, P<0.05). High risk for death was 
also noted in patients with (OR=2.901. P>0.05), loss of appetite 
(OR=2.102, P>0.05), abdominal pain (OR=1.674,P>0.05), and 
diarrhea (OR=1.053, P>0.05), but findings were not significant. 

Table 3. Clinical Severity of COVID-19 on Admission and Complications During Course of Disease



53

 
 
 
 
Phil J of Gastro 2021 Vol 10 No 1 

 
In the liver, HBOT has been studied in hepatic artery 

thrombosis, acute liver injury, non-alcoholic 
steatohepatitis, and liver-related cancer. The beneficial 
effects of HBOT in the liver are mainly attributed to its 
anti-oxidation, anti-inflammation, regeneration and 
heme oxygenase-1 (HO-1) properties, which seem to be 
closely involved in HBOT-mediated protection.1

 

Liver injury can be induced by diverse etiologies, 
which include hepatotropic viruses, chemicals, alcohol 
and drug abuse, autoimmune disorders, cholestasis, and 
metabolic diseases. Liver injury induced by carbon 
tetrachloride (CCl4) causes oxidative stress via lipid 
peroxidation. It is metabolically activated by 
cytochrome p450 2E1, which produces trichloromethyl 
radicals. CCl4 stimulates liver injury through 
hepatocellular DNA damage, inflammation, apoptosis 
and fibrosis. Further liver damage occurs from exposure 
to reactive oxygen radicals released from activated 
Kupffer cells.1,3 Chronic insult to the liver through this 
mechanism can cause chronic liver disease. 

Chronic liver disease (CLD) refers to a long-term 
pathological process of continuous destruction of liver 
parenchyma and its gradual substitution with fibrous 
tissue. It is a major cause of morbidity and mortality in 
many countries.4,5 Liver fibrosis is a common result of 
the inflammation-damage-repair response following 
different types of chronic insult to the liver. In patients 
who develop liver fibrosis, the majority ultimately 
develop liver cirrhosis, decompensated liver disease, 
and hepatocellular carcinoma (HCC). HCC is a dominant 
complication of CLD and cirrhosis, with the third highest 
death rate among malignancies in the world.5 
Information on the stage of hepatic fibrosis is essential 
for making a prognosis and deciding on anti-fibrosis 
treatment.4  

Currently, there is paucity of data with regard to the 
beneficial effects of HBOT on liver diseases. The main 
objective of this experimental study is to investigate the 
effect of HBOT on liver function and fibrosis, using a rat 
model of CCl4-induced liver injury. Specifically, the study 
aims to (1) compare the serological parameters of liver 
function between experimental group rats (with CCl4-
induced liver injury exposed to HBOT) against controls 
(exposed to room air), particularly: alanine 
transaminase (ALT), alanine aspartate (AST), total 
bilirubin, conjugated bilirubin, unconjugated bilirubin, 
alkaline phosphatase, total protein, albumin, globulin, 
platelets, and prothrombin time; and (2) using the IASL 

(International Association for Study of the Liver) scoring 
system, compare the histologic stage for hepatic fibrosis 
of rat livers with CCl4-induced injury exposed to HBOT 
(experimental group) as against those of rats with CCl4-
induced liver injury exposed to room air only (controls). 

Sample Size Estimation 

Sample size was computed using the formula 
n=1+2C(s/d)2 based on the parameter assumptions of 
significance level at 0.05 with a power of 90%, and a 
constant C of 10.51 on a two-tailed alternative 
hypothesis. Sample size was calculated at 16.41 animals 
in each group. A total of 51 rats were used in the study, 
equally divided into three groups: 17 rats for the pilot 
study group (rats that were sacrificed immediately after 
carbon tetrachloride liver injury induction), 17 rats for 
the control group (rats with desired degree of hepatic 
injury and exposed to room air only), and 17 rats for the 
experimental group (rats with desired degree of hepatic 
injury and exposed to HBOT). 

Methodology 

Animal Maintenance and Regulatory Compliance 

Rats were obtained from the Philippine Department 
of Science and Technology (DOST) in whose animal 
facility these animals were grown. The hospital 
Institutional Animal Care and Use Committee and the 
Bureau of Animal Industry approved the study in 
accordance with RA 8485 (Animal Welfare Act of 
the Philippines) and the institution’s guide for use of 
laboratory animals. 

During the course of the study the rats were 
maintained under St. Luke’s Medical Center Research 
and Biotechnology (SLMC-RBD) animal testing 
quarantine protocol. They were housed in a separate 
area under standard conditions dictated by SLMC-RBD 
protocol, including cage cleaning method, humidity, 
ventilation, room temperature regulation at 22-240C 
and a 12-hour light/dark cycle. 

All animals were fed with standard diet and water, 
but were fasted for eight hours prior to blood collection, 
hepatectomy and animal euthanasia.  

Induction of Hepatic Injury 

CCl4-induced injury to the liver causes lipid 
peroxidation by trichloromethyl radicals leading to 
hepatocellular membrane damage. Liver injury was 

 
 
 
 
Phil J of Gastro 2021 Vol 10 No 1 

 
In the liver, HBOT has been studied in hepatic artery 

thrombosis, acute liver injury, non-alcoholic 
steatohepatitis, and liver-related cancer. The beneficial 
effects of HBOT in the liver are mainly attributed to its 
anti-oxidation, anti-inflammation, regeneration and 
heme oxygenase-1 (HO-1) properties, which seem to be 
closely involved in HBOT-mediated protection.1

 

Liver injury can be induced by diverse etiologies, 
which include hepatotropic viruses, chemicals, alcohol 
and drug abuse, autoimmune disorders, cholestasis, and 
metabolic diseases. Liver injury induced by carbon 
tetrachloride (CCl4) causes oxidative stress via lipid 
peroxidation. It is metabolically activated by 
cytochrome p450 2E1, which produces trichloromethyl 
radicals. CCl4 stimulates liver injury through 
hepatocellular DNA damage, inflammation, apoptosis 
and fibrosis. Further liver damage occurs from exposure 
to reactive oxygen radicals released from activated 
Kupffer cells.1,3 Chronic insult to the liver through this 
mechanism can cause chronic liver disease. 

Chronic liver disease (CLD) refers to a long-term 
pathological process of continuous destruction of liver 
parenchyma and its gradual substitution with fibrous 
tissue. It is a major cause of morbidity and mortality in 
many countries.4,5 Liver fibrosis is a common result of 
the inflammation-damage-repair response following 
different types of chronic insult to the liver. In patients 
who develop liver fibrosis, the majority ultimately 
develop liver cirrhosis, decompensated liver disease, 
and hepatocellular carcinoma (HCC). HCC is a dominant 
complication of CLD and cirrhosis, with the third highest 
death rate among malignancies in the world.5 
Information on the stage of hepatic fibrosis is essential 
for making a prognosis and deciding on anti-fibrosis 
treatment.4  

Currently, there is paucity of data with regard to the 
beneficial effects of HBOT on liver diseases. The main 
objective of this experimental study is to investigate the 
effect of HBOT on liver function and fibrosis, using a rat 
model of CCl4-induced liver injury. Specifically, the study 
aims to (1) compare the serological parameters of liver 
function between experimental group rats (with CCl4-
induced liver injury exposed to HBOT) against controls 
(exposed to room air), particularly: alanine 
transaminase (ALT), alanine aspartate (AST), total 
bilirubin, conjugated bilirubin, unconjugated bilirubin, 
alkaline phosphatase, total protein, albumin, globulin, 
platelets, and prothrombin time; and (2) using the IASL 

(International Association for Study of the Liver) scoring 
system, compare the histologic stage for hepatic fibrosis 
of rat livers with CCl4-induced injury exposed to HBOT 
(experimental group) as against those of rats with CCl4-
induced liver injury exposed to room air only (controls). 

Sample Size Estimation 

Sample size was computed using the formula 
n=1+2C(s/d)2 based on the parameter assumptions of 
significance level at 0.05 with a power of 90%, and a 
constant C of 10.51 on a two-tailed alternative 
hypothesis. Sample size was calculated at 16.41 animals 
in each group. A total of 51 rats were used in the study, 
equally divided into three groups: 17 rats for the pilot 
study group (rats that were sacrificed immediately after 
carbon tetrachloride liver injury induction), 17 rats for 
the control group (rats with desired degree of hepatic 
injury and exposed to room air only), and 17 rats for the 
experimental group (rats with desired degree of hepatic 
injury and exposed to HBOT). 

Methodology 

Animal Maintenance and Regulatory Compliance 

Rats were obtained from the Philippine Department 
of Science and Technology (DOST) in whose animal 
facility these animals were grown. The hospital 
Institutional Animal Care and Use Committee and the 
Bureau of Animal Industry approved the study in 
accordance with RA 8485 (Animal Welfare Act of 
the Philippines) and the institution’s guide for use of 
laboratory animals. 

During the course of the study the rats were 
maintained under St. Luke’s Medical Center Research 
and Biotechnology (SLMC-RBD) animal testing 
quarantine protocol. They were housed in a separate 
area under standard conditions dictated by SLMC-RBD 
protocol, including cage cleaning method, humidity, 
ventilation, room temperature regulation at 22-240C 
and a 12-hour light/dark cycle. 

All animals were fed with standard diet and water, 
but were fasted for eight hours prior to blood collection, 
hepatectomy and animal euthanasia.  

Induction of Hepatic Injury 

CCl4-induced injury to the liver causes lipid 
peroxidation by trichloromethyl radicals leading to 
hepatocellular membrane damage. Liver injury was 

Phil J Gastro 2021 Vol 10 No 2

Table 4. Binary logistic regression analysis of gastrointestinal symptom and severe to critical COVID-19 and 
death, with adjustments for age and comorbidities.

 In a comparative analysis using t-test for two proportions 
(Table 5), results revealed that among the disease severity, 
mild and critical COVID-19 showed significant difference in 
the distribution. In this case, for mild infection, more cases 
were noted for those without GI manifestations (44% versus 
28%, P<0.01) and for critical disease, those with GI symptoms 
showed significantly higher cases (28% versus 21%, P=0.0480). 

In terms of clinical outcomes, no statistical difference was 
noted in terms of patients being discharged in those with and 
without GI symptoms (81% versus 86%, P=0.151). There was no 
statistical difference in mortality (19% versus 14%, p=0.1510) 
for those with and without GI manifestations.
Table 5. Comparison of Disease Severity and Clinical Outcomes
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In the liver, HBOT has been studied in hepatic artery 

thrombosis, acute liver injury, non-alcoholic 
steatohepatitis, and liver-related cancer. The beneficial 
effects of HBOT in the liver are mainly attributed to its 
anti-oxidation, anti-inflammation, regeneration and 
heme oxygenase-1 (HO-1) properties, which seem to be 
closely involved in HBOT-mediated protection.1

 

Liver injury can be induced by diverse etiologies, 
which include hepatotropic viruses, chemicals, alcohol 
and drug abuse, autoimmune disorders, cholestasis, and 
metabolic diseases. Liver injury induced by carbon 
tetrachloride (CCl4) causes oxidative stress via lipid 
peroxidation. It is metabolically activated by 
cytochrome p450 2E1, which produces trichloromethyl 
radicals. CCl4 stimulates liver injury through 
hepatocellular DNA damage, inflammation, apoptosis 
and fibrosis. Further liver damage occurs from exposure 
to reactive oxygen radicals released from activated 
Kupffer cells.1,3 Chronic insult to the liver through this 
mechanism can cause chronic liver disease. 

Chronic liver disease (CLD) refers to a long-term 
pathological process of continuous destruction of liver 
parenchyma and its gradual substitution with fibrous 
tissue. It is a major cause of morbidity and mortality in 
many countries.4,5 Liver fibrosis is a common result of 
the inflammation-damage-repair response following 
different types of chronic insult to the liver. In patients 
who develop liver fibrosis, the majority ultimately 
develop liver cirrhosis, decompensated liver disease, 
and hepatocellular carcinoma (HCC). HCC is a dominant 
complication of CLD and cirrhosis, with the third highest 
death rate among malignancies in the world.5 
Information on the stage of hepatic fibrosis is essential 
for making a prognosis and deciding on anti-fibrosis 
treatment.4  

Currently, there is paucity of data with regard to the 
beneficial effects of HBOT on liver diseases. The main 
objective of this experimental study is to investigate the 
effect of HBOT on liver function and fibrosis, using a rat 
model of CCl4-induced liver injury. Specifically, the study 
aims to (1) compare the serological parameters of liver 
function between experimental group rats (with CCl4-
induced liver injury exposed to HBOT) against controls 
(exposed to room air), particularly: alanine 
transaminase (ALT), alanine aspartate (AST), total 
bilirubin, conjugated bilirubin, unconjugated bilirubin, 
alkaline phosphatase, total protein, albumin, globulin, 
platelets, and prothrombin time; and (2) using the IASL 

(International Association for Study of the Liver) scoring 
system, compare the histologic stage for hepatic fibrosis 
of rat livers with CCl4-induced injury exposed to HBOT 
(experimental group) as against those of rats with CCl4-
induced liver injury exposed to room air only (controls). 

Sample Size Estimation 

Sample size was computed using the formula 
n=1+2C(s/d)2 based on the parameter assumptions of 
significance level at 0.05 with a power of 90%, and a 
constant C of 10.51 on a two-tailed alternative 
hypothesis. Sample size was calculated at 16.41 animals 
in each group. A total of 51 rats were used in the study, 
equally divided into three groups: 17 rats for the pilot 
study group (rats that were sacrificed immediately after 
carbon tetrachloride liver injury induction), 17 rats for 
the control group (rats with desired degree of hepatic 
injury and exposed to room air only), and 17 rats for the 
experimental group (rats with desired degree of hepatic 
injury and exposed to HBOT). 

Methodology 

Animal Maintenance and Regulatory Compliance 

Rats were obtained from the Philippine Department 
of Science and Technology (DOST) in whose animal 
facility these animals were grown. The hospital 
Institutional Animal Care and Use Committee and the 
Bureau of Animal Industry approved the study in 
accordance with RA 8485 (Animal Welfare Act of 
the Philippines) and the institution’s guide for use of 
laboratory animals. 

During the course of the study the rats were 
maintained under St. Luke’s Medical Center Research 
and Biotechnology (SLMC-RBD) animal testing 
quarantine protocol. They were housed in a separate 
area under standard conditions dictated by SLMC-RBD 
protocol, including cage cleaning method, humidity, 
ventilation, room temperature regulation at 22-240C 
and a 12-hour light/dark cycle. 

All animals were fed with standard diet and water, 
but were fasted for eight hours prior to blood collection, 
hepatectomy and animal euthanasia.  

Induction of Hepatic Injury 

CCl4-induced injury to the liver causes lipid 
peroxidation by trichloromethyl radicals leading to 
hepatocellular membrane damage. Liver injury was 
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Discussion

  In this single-center retrospective cohort study of hospitalized 
patients with COVID-19, 38.5% of patients manifested with at 
least one gastrointestinal symptom. In a large observational 
cohort study in North America by Elmunzer et al, 53% (1052 of 
1992 patients) patients experienced at least one GI symptom, 
but the overall proportion decreased to 47% after excluding 
patients on COVID-19 treatments that may be associated with 
GI side-effects such as antivirals and antimalarials. (11) Another 
meta-analysis of 23 published and 6 preprint studies (n=4,805) 
done in China noted that 12% of COVID-19 patients reported 
GI symptoms. (12) The prevalence of GI symptoms in this study 
was noted to be higher than those reported among COVID-19 
patients in China, but lower than in Western countries. This 
may be due to possible under-reporting of GI symptoms as 
these studies in China were done during the earlier months 
of the pandemic prior to the recognition of GI symptoms as 
common symptoms in COVID-19 infection. Similarly, since this 
is a retrospective study of patients admitted during the early 
days of the pandemic in our country, it may be possible that 
other GI symptoms may have been under-documented as well. 
Moreover, Pan’s study showed that patients with GI symptoms 
risk prompt recognition and delayed diagnosis of COVID-19. (6) 
In our study, patients with GI symptoms had significantly older 
mean age. There were also more patients with GI symptoms and 
with comorbidities such as hypertension, diabetes, post CVD 
and CKD compared to those without GI symptoms, suggesting 
that patients with GI symptoms also had established risk factors 
for disease severity, such as older age, diabetes, hypertension, 
cerebrovascular disease (7) There was no significant difference 
in the duration of onset of symptoms to admission in patients 
with and without GI symptoms in our study. This is in contrast 
to the study of Pan et al and Han et al, showing that COVID-19 
patients with digestive symptoms have a longer time from 
symptom onset to time of admission versus patients without 
digestive symptoms probably due to the delay of diagnostic 
studies typically reserved first for patients with respiratory 
symptoms. (6, 14)

In our study, diarrhea stands as the most common symptom 
(50%). This is consistent with several studies noting diarrhea 
as the most common GI symptom. (2, 15) Several studies 
have suggested the role of the ACE2 receptors of SARS-CoV-2 
infecting cells that was expressed both in the lungs and in the 
intestinal epithelial cells. A study by Lukassen et al showed 
that SARS-CoV-2 enter cells via ACE2 receptors. (16) High ACE2 
expression throughout the GI tract especially in proximal and 
distal enterocytes makes the gastrointestinal tract vulnerable 
to SARS-CoV-2, resulting in cytopathic effects, causing GI 
symptoms especially diarrhea. (4) Aside from that, diarrhea 
and vomiting lead to electrolyte disturbances and interruption 
of normal intestinal flora. Cytokine storm in severe disease can 

also cause hypoxia-induced bowel injury contributing to GI 
symptoms. these factors possibly add to the worsening of the 
patient’s condition. The “gut-lung axis” proposes that changes 
in the composition and function of the GI and respiratory 
flora impact the respiratory tract and the GI tract respectively 
through the common mucosal immune system and immune 
regulation. When inflammation occurs in the GIT, intestinal 
mucosa damage and bacterial imbalance occurs causing 
cytokines and bacteria to enter the respiratory tract further 
affecting pulmonary response and inflammation. (17)

 In our study, patients with GI symptoms also manifested 
with higher values of liver enzymes, BUN, Creatinine and 
quantitative CRP and lower values of procalcitonin, compared 
to those without GI symptoms. In a study by Zhou et al, the 
presence of GI symptoms was associated with elevated CRP 
(p=0.021) and elevated ALT (p=0.049). (18) Similarly, several 
studies have also noted increased liver enzymes (AST, ALT, 
Bilirubin) are noted in 15% to 20% of patients. (6, 7, 19) A 
cohort by Chen et al also noted similar findings with higher 
levels of AST [27.0 (20.0–40.0) vs. 24.0 (18.0–38.0), p = 0.008], 
LDH [258.0 (200.0–355.0) vs. 227.0 (181.0–309.0)], CRP [30.8 
(9.4–68.9) vs. 9.4 (2.4–54.1), p < 0.001] and procalcitonin [0.06 
(0.04–0.14) vs. 0.05 (0.03–0.09), p < 0.001] in patients with GI 
symptoms compared to those without. (20) As an acute phase 
reactant, albumin levels in patients with GI symptoms were also 
lower than normal, albeit slightly higher than those without GI 
symptoms; no available literature yet is available to explain 
this finding being higher than those without GI symptoms. The 
elevated BUN and creatinine levels may be due to dehydration 
secondary to poor oral intake and GI losses from diarrhea and/
or vomiting and the acute kidney injury from sepsis or from 
possible viral tropism, on top of the age-related comorbidities 
especially chronic kidney disease in patients with GI symptoms. 
(21) According to literature, ACE-2 expression is also high in 
cholangiocytes which is manifested by elevated bilirubins. (22) 
However, in our study, this elevation was not demonstrated 
as only a few patients had their bilirubins tested. Bilateral 
pneumonia in imaging studies were also more common in 
patients with GI manifestations. Chen at al also reported similar 
findings with the rate of bilateral pneumonia higher in patients 
with GI symptoms (83.8% vs 75.5%, p-value = 0.002]. (20) These 
results highlight the need for close monitoring of liver and 
kidney function in patients with COVID-19.

 With regard to clinical profile, moderate and critical disease 
were significantly more common in patients with GI symptoms 
on admission in our study. However, in a study by Elmunzer 
et al, 74% of patients with GI symptoms presented with mild 
symptoms. (11). One explanation may be that patients with mild 
symptoms may have opted for home quarantine than admission 
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in our setting. There were more patients with GI symptoms 
presenting with septic shock (p=0.017), ARDS (p=0.107), AKI 
(p< 0.01) and AMI (p< 0.02). In a meta-analysis by Mao et 
al, patients with GI symptoms had an increased risk of ARDS 
(OR 2·96 [95% CI 1·17–7·48]; p=0·020) and liver injury (2·71 
[1·52–4·83]; p=0·0007). (7) Similarly, COVID-19 patients with 
GI symptoms were more likely to require invasive ventilation 
compared to those patients without GI symptoms (6.76% vs 
2.08%, p=0.034). (8) Hence, a higher incidence of complications 
such as septic shock, acute kidney injury and acute myocardial 
infarction was noted in patients with GI symptoms. In addition, 
patients with GI symptoms in our study were mostly middle-
aged (mean age of 54 years old) and had more comorbidities 
than the GI asymptomatic population. Age and comorbidities 
may also play a factor in the elevation of laboratory markers and 
the vulnerability to complications compared to the other group 
due to the compromised immune system and a persistent pro-
inflammatory state seen in these patients. (23, 24, 25)

 Our study also reported the relationship of GI symptoms on 
the likelihood of severe-to-critical COVID-19 and death, without 
the established risk factors for severe disease such as age and 
comorbidities. In our study, patients with abdominal pain were 
significantly 3.194 times more likely to have severe to critical 
disease (OR=3.194, p<0.05). Similarly, abdominal pain was 
noted to be more common among those admitted to the ICU 
compared to those who were not admitted in the ICU (8.3% vs 
0% respectively, p=0.02), according to Wang et al. (26) Patients 
with GI bleeding had the highest risk of death, compared to 
other GI symptoms in our study. It is important to note that 
these patients with GI bleeding were managed conservatively, 
due to the concerns about transmission risk during endoscopic 
procedures. This was different from other studies showing that 
GI bleeding on admission does not significantly affect mortality 
(OR 0.62, 95%CI 0.31-1.24, p=0.17) or need for mechanical 
ventilation (OR 0.50, 95%CI 0.21-1.17, p=0.10). (27) A possible 
explanation could be the high expression of ACE2 receptors in 
the GI tract.

 It is important to note that COVID-19 mostly affects the 
lungs, hence, pneumonia is the most common presentation. 
However, with this study, we were able to note that most 
patients with moderate to critical COVID-19 pneumonia 
had GI manifestations on presentation. The association of GI 
symptoms on presentation with severity of COVID-19 disease 
is as much linked to the severity of pneumonia. This could 
be explained by the gut-lung axis, showing a bidirectional 
interaction between the lung mucosa and the gut microbiota. 
(30) GI symptoms in COVID-19 were linked to decreased 
diversity of gut microbiota, immune dysregulation and delayed 
viral clearance. Such dysbiosis in the GI tract is associated with 
increased morbidity and/or mortality because of  worsened 
inflammation and decreased anti-inflammatory mechanisms 

both in the respiratory and GI systems. (31) Moreover, as most 
of our patients who are GI symptomatic were middle-aged 
with comorbidities and previous or established gut dysbiosis, 
hypertension, obesity, diabetes, chronic kidney disease and 
other age-related disorders is involved in the dysregulated 
immune response to SARS-CoV-2, more severe disease in 
patients with comorbidities can be expected. (25)

 There are several limitations in our study such as the 
retrospective design, single-center hospital-based study, lack of 
validated definitions of GI symptoms, and the exclusion of non-
hospitalized patients with possible mild to moderate disease. 
Nevertheless, our study provides valuable data on the overall 
burden of GI symptoms in the context of this pandemic. We 
recommend more studies with a rigorous design such as that of 
a prospective study with validated definitions of GI symptoms 
and possible inclusion of GI side effects of COVID-19 treatment.

 In conclusion, gastrointestinal symptoms are common in 
patients with COVID-19, with diarrhea being the most common 
manifestation. A low threshold for testing may be advised in 
these patients. Gastrointestinal manifestations in patients with 
COVID-19 may be associated with moderate and critical illness 
but these symptoms were not associated with death.

  Increasing awareness, comprehensive symptom definitions and 
a prospective study design including patients in the community 
or out-patient setting would provide better estimates on GI 
manifestations of this disease.
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In the liver, HBOT has been studied in hepatic artery 

thrombosis, acute liver injury, non-alcoholic 
steatohepatitis, and liver-related cancer. The beneficial 
effects of HBOT in the liver are mainly attributed to its 
anti-oxidation, anti-inflammation, regeneration and 
heme oxygenase-1 (HO-1) properties, which seem to be 
closely involved in HBOT-mediated protection.1

 

Liver injury can be induced by diverse etiologies, 
which include hepatotropic viruses, chemicals, alcohol 
and drug abuse, autoimmune disorders, cholestasis, and 
metabolic diseases. Liver injury induced by carbon 
tetrachloride (CCl4) causes oxidative stress via lipid 
peroxidation. It is metabolically activated by 
cytochrome p450 2E1, which produces trichloromethyl 
radicals. CCl4 stimulates liver injury through 
hepatocellular DNA damage, inflammation, apoptosis 
and fibrosis. Further liver damage occurs from exposure 
to reactive oxygen radicals released from activated 
Kupffer cells.1,3 Chronic insult to the liver through this 
mechanism can cause chronic liver disease. 

Chronic liver disease (CLD) refers to a long-term 
pathological process of continuous destruction of liver 
parenchyma and its gradual substitution with fibrous 
tissue. It is a major cause of morbidity and mortality in 
many countries.4,5 Liver fibrosis is a common result of 
the inflammation-damage-repair response following 
different types of chronic insult to the liver. In patients 
who develop liver fibrosis, the majority ultimately 
develop liver cirrhosis, decompensated liver disease, 
and hepatocellular carcinoma (HCC). HCC is a dominant 
complication of CLD and cirrhosis, with the third highest 
death rate among malignancies in the world.5 
Information on the stage of hepatic fibrosis is essential 
for making a prognosis and deciding on anti-fibrosis 
treatment.4  

Currently, there is paucity of data with regard to the 
beneficial effects of HBOT on liver diseases. The main 
objective of this experimental study is to investigate the 
effect of HBOT on liver function and fibrosis, using a rat 
model of CCl4-induced liver injury. Specifically, the study 
aims to (1) compare the serological parameters of liver 
function between experimental group rats (with CCl4-
induced liver injury exposed to HBOT) against controls 
(exposed to room air), particularly: alanine 
transaminase (ALT), alanine aspartate (AST), total 
bilirubin, conjugated bilirubin, unconjugated bilirubin, 
alkaline phosphatase, total protein, albumin, globulin, 
platelets, and prothrombin time; and (2) using the IASL 

(International Association for Study of the Liver) scoring 
system, compare the histologic stage for hepatic fibrosis 
of rat livers with CCl4-induced injury exposed to HBOT 
(experimental group) as against those of rats with CCl4-
induced liver injury exposed to room air only (controls). 

Sample Size Estimation 

Sample size was computed using the formula 
n=1+2C(s/d)2 based on the parameter assumptions of 
significance level at 0.05 with a power of 90%, and a 
constant C of 10.51 on a two-tailed alternative 
hypothesis. Sample size was calculated at 16.41 animals 
in each group. A total of 51 rats were used in the study, 
equally divided into three groups: 17 rats for the pilot 
study group (rats that were sacrificed immediately after 
carbon tetrachloride liver injury induction), 17 rats for 
the control group (rats with desired degree of hepatic 
injury and exposed to room air only), and 17 rats for the 
experimental group (rats with desired degree of hepatic 
injury and exposed to HBOT). 

Methodology 

Animal Maintenance and Regulatory Compliance 

Rats were obtained from the Philippine Department 
of Science and Technology (DOST) in whose animal 
facility these animals were grown. The hospital 
Institutional Animal Care and Use Committee and the 
Bureau of Animal Industry approved the study in 
accordance with RA 8485 (Animal Welfare Act of 
the Philippines) and the institution’s guide for use of 
laboratory animals. 

During the course of the study the rats were 
maintained under St. Luke’s Medical Center Research 
and Biotechnology (SLMC-RBD) animal testing 
quarantine protocol. They were housed in a separate 
area under standard conditions dictated by SLMC-RBD 
protocol, including cage cleaning method, humidity, 
ventilation, room temperature regulation at 22-240C 
and a 12-hour light/dark cycle. 

All animals were fed with standard diet and water, 
but were fasted for eight hours prior to blood collection, 
hepatectomy and animal euthanasia.  

Induction of Hepatic Injury 

CCl4-induced injury to the liver causes lipid 
peroxidation by trichloromethyl radicals leading to 
hepatocellular membrane damage. Liver injury was 
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