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Investigation of the Effect of Leaky Gut on COVID-19 Clinic
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ABSTRACT

Aim: In the course of the COVID-19 pandemic, in millions of cases were observed those of some patients do not exhibit any
symptoms whereas some others are hospitalized with having fatal outcomes. One of the most significant findings is that patients
with existing comorbidities are extremely exposed to severe clinical conditions developed due to excessive inflammatory
response. That is to say, the indicative cause of chronic inflammation may be bacterial translocation derived from the impaired
intestinal mucosal barriers.

This study is aimed to investigate the probable relations between the impaired intestinal barrier integrity and which would be
associated with severity of COVID-19 clinical conditions.

Material and Methods: According to the clinical and laboratory findings, the patients were classified into three groups as mild,
moderate, and severe clinical conditions. All patients’ blood samples were collected on the first admission to the hospital. Serum
concentrations of lipopolysaccharide-binding protein (LBP), were analyzed to evaluate the intestinal barrier function and
bacterial translocation.

Results: The proportions of those with high LBP levels among all the groups were significantly different (p<0.001). The
proportion of the patients with high LBP levels in the mild patient group (65.4%) was significantly lower than those with
moderate (100%) and with severe clinical conditions (95.2%) (p<0.05 for each).

Conclusion: In recent years, it has been clearly demonstrated that the functions of the intestines are much more than the
digestive function, and that the intestinal microbiota and mucosal barrier integrity have a great impact on the immune system.
These results would indicate that the impaired intestinal barrier integrity and bacterial translocation might be effective in severe
COVID-19 development.
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Gegirgen Bagirsagin COVID-19 Klinigi Uzerinde Etkisinin Arastirilmasi
(0V4
Amag: COVID-19 pandemisi siirecinde milyonlarca vakada bazi hastalarin herhangi bir semptom gostermedigi, bazilarinin ise
6liimciil sonugla hastaneye kaldirildigi gézlemlenmistir. En 6nemli bulgulardan biri, komorbiditesi olan hastalarin asiri
inflamatuvar yanita bagli gelisen ciddi klinik durumlara asir1 derecede maruz kalmasidir. Yani kronik inflamasyonun belirleyici
nedeni, bozulmus bagirsak mukozal bariyerlerinden tiiretilen bakteriyel translokasyon olabilir.
Bu calisma, bozulmus bagirsak bariyeri biitiinliigii ile COVID-19 klinik durumlarinin siddeti ile iligkilendirilebilecek olast
iligkileri aragtirmay1 amaglamaktadir.
Gere¢ ve Yontemler: Klinik ve laboratuvar bulgularina gore hastalar hafif, orta ve siddetli klinik durumlar olarak ii¢ gruba
ayrilmigtir. Tiim hastalardan kan 6rnekleri hastaneye ilk bagvurularinda alinmistir. Lipopolisakkarit baglayici proteinin (LBP)
serum konsantrasyonlari, bagirsak bariyer fonksiyonunu ve bakteriyel translokasyonu degerlendirmek i¢in analiz edilmistir.
Bulgular: Tim gruplar arasinda yiiksek LBP diizeyine sahip olanlarin oranlar1 6nemli 6lgiide farkliydi (p <0,001) (Tablo 1).
Hafif hasta grubunda (%65,4) yiiksek LBP diizeyleri olan hastalarin orani, orta (%100) ve ciddi klinik durumlar1 (%95,2)
olanlara gore anlamli derecede diisiik bulunmustur (her biri igin p <0,05).
Sonug¢: Son yillarda bagirsaklarin fonksiyonlarinin sindirim fonksiyonundan ¢ok daha fazla oldugu ve ayrica bagirsak
mikrobiyotast ve mukozal bariyer biitiinliigliniin bagisiklik sistemi tizerinde ¢ok biiyiik etkisi oldugu agik¢a ortaya konmustur.
Bu sonuglar, bozulmus bagirsak bariyeri biitiinliigiiniin ve bakteriyel translokasyonun siddetli COVID-19 gelisiminde etkili
olabilecegini diisiindiirmektedir.
Anahtar Kelimeler: Bakteriyel translokasyon; COVID-19; dogal bagisiklik; gegirgen bagirsak; SARS-CoV-2.
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INTRODUCTION

Since the declaration of the Coronavirus pandemic by
World Health Organization (WHO), in the course of
COVID-19 pandemic, millions of cases were observed to
those of some patients do not exhibit any symptoms
whereas some others are hospitalized with having fatal
outcomes. One of the most significant findings is that
patients, who exist comorbidities also exhibit low-grade
systemic inflammation, are extremely exposed to severe
clinical conditions developed due to the excessive
inflammatory response (1). One of the indicative cause of
chronic inflammation would be bacterial translocation
derived from the impaired intestinal mucosal barriers.
This study is aimed to raise awareness about the probable
relations between the impaired intestinal barrier integrity
and COVID-19 which would be associated with the
severity of the clinical conditions.

Approximately 70% of the immune system is located in
the intestinal mucosa-associated lymphoid tissue so
intestinal health is definitely related to immunity. The
deterioration of this epithelial structure is closely related to
the nutrition, dysbiosis, drug use, toxic substances and
being elderly. As the barrier is impaired the intestinal
content translocation occurs then chronic systemic
inflammation develops (2-4). Lipopolysaccharide (LPS) is
a well-characterized pathogen-associated molecular
pattern found in the outer leaflet of the outer membrane of
most of the gram negative bacteria, and the circulating
endotoxins are derived from dead bacteria or the LPS shed
from the cell wall of viable bacteria. LPS originating from
bacteria passing into the bloodstream through impaired
intestinal permeability can evoke an inflammatory
response by activation of monocytes and endothelial cells.
The serum LBP concentration is a stable indicator of the
exposure to the lipopolysaccharide (5,6).

We investigated whether the impaired intestinal barrier
integrity has an effect in the course of COVID-19 clinical
conditions.

MATERIAL AND METHODS

Study design

This study was conducted at Duzce University Research
and Application Center between November 01, 2020-
December 21, 2020. Patients who tested SARS CoV-2
positive through PCR were included in the study.
According to the clinical and laboratory findings, the
patients were divided into three groups as mild, moderate
and severe. All patients’ blood samples were collected on
the first admission to the hospital.

In the patients having mild symptoms; normal lymphocyte
count and C reactive protein (CRP) levels and also their
oxygen saturation levels were mentioned as in the mild
clinical group. The patients having moderate clinical
symptoms were demonstrated among those of whom were
hospitalized. In this group, the measurement of
lymphocyte count and O2 saturation levels were lower
than normal. Besides their CRP levels were higher than
normal. As in the final group of the patients’ having severe
clinical findings were presented as being hospitalized in
the intensive care unit.

Measurements

In our laboratory, as abnormal lymphocyte count
<0.82 (x 10%/L), mean oxygen saturation (S5a02) <94, CRP
>0.5 mg/L and LBP >10ng/ml were accepted. The
patients’ serum samples were stored at -20 ° C till they
were analyzed. Human Lipopolysaccharide Binding
Protein levels by Human Lipopolysaccharide Binding
Protein ELISA Kit (Bioassay Technology Laboratory,
China) were analyzed.

Statistical Analysis

Appropriate  descriptive  statistics were calculated
according to the type of the data and the analysis.
Descriptive statistics were presented as numbers and
percentages. Numerical variables were summarized as the
mean =+ standard deviation (min-max). Normality
assumption of continuous quantitative variables was
checked through Shapiro Wilk test and the homogeneity of
group variances was checked via Levene test. Welch (post
hoc: Fisher LSD test) and Pearson Chi-square (post hoc:
Bonferroni test) tests were used for comparisons among
groups in terms of age and gender. Generalized Linear
Modeling (post hoc: Fisher LSD test) approach was used
in the group comparisons in terms of biomarker and
biochemistry results, taking into account the determined
covariate effect. Relationship between categorical
variables was examined with Fisher-Freeman-Halton (post
hoc: Bonferroni test) tests. SPSS 22 program and special
macros were used for statistical evaluations. A p <0.05 was
considered statistically significant.

This research was funded by xx scientific research projects
department  with  "Project No: 2020.04.01.1128,
Investigation of the effect of leaky gut on COVID-19
clinic"

With the decision number: 2020/172, Clinical Research
Ethics Committee at Duzce University Faculty of
Medicine approved this study. The appropriate
participants' informed consent in compliance with the
Helsinki Declaration were taken.

RESULTS

Out of the 79 patients included in the study; 46.8% (n =
37) were female, 53.2% were male, and the total mean age
was 54.5 £ 14.7 years (25-82). 32.9% (n = 26) of the
patients were in mild clinical condition, 40.5% (n = 32)
were in moderate and 26.6% (n = 21) were in severe
clinical condition. The sociodemographic and clinical
characteristics of the patients are shown in Table 1 based
on their clinical conditions.

As to the patients’ clinical conditions, considering their
gender distributions there was no significant difference in
all the patients (p=0.057); however, age distributions were
different (p<0.001). The mean age of the patients with
severe COVID-19 clinical condition was significantly
higher, whereas the ages of the patients in the mild group
were comparatively demonstrated as the lowest (p
<0.001).

The proportions of those with high LBP levels among all
the groups were significantly different (p <0.001) (Table
1). The proportion of the patients with high LBP levels in
the mild patient group (65.4%) was significantly lower
than those with moderate (100%) and with the severe
clinical conditions (95.2%) (p <0.05 for each).
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Table 1. The Sociodemographic and Clinical Characteristics of The Patients According to The Clinical Condition

Clinical condition

Mild (n=26) Moderate (n=32) Severe (n=21) Total (n=79) p

n % n % n % n %
Sex
Female 17 65.4 11 34.4 9 42.9 37 46.8 0.057
Male 9 34.6 21 65.6 12 57.1 42 53.2
Age(Years)*

41.3£7.3 56.9+10.5 67.3£14.3 54.5+14.7 <0.001

(25-54) (28-71) (25-82) (25-82) '
LBP(ng/ml)
<10 9 34.6 0 0.0 1 4.8 10 12.7 <0.001
>10 17 65.4 32 100.0 20 95.2 69 87.3

LBP: Lipolysaccharide binding protein

*meanztstandard deviation (minimum-maximum)

Regarding ages, the groups were not homogeneous. So the
term of “age” was considered as the covariate in order to
eliminate the factor of age in relation to the levels of LBP.
Namely, descriptive values and comparative results of the

age-adjusted LBP results are demonstrated and detailed, in

Table 2.

There was a significant difference among the groups in
terms of the mean level of LBP with the age adjusted
patients (p <0.05). The mean level of LBP measured in
patients with severe COVID-19 clinical conditions was
significantly higher than those of patients with mild and
moderate clinical conditions (p = 0.031 p = 0.020,

respectively).

Table 2. Descriptive Statistics and Comparative Result of the Age-Adjusted LBP

Clinical condition

Mild Moderate Severe
95% 95% 95%
Mean+SE*  Wald ClI Mean+SE*  Wald CI Mean+SE*  Wald CI p
LBP 29.3+5.7 18.2-40.4 33.444.1 25.4-41.4 54.848.5 38.1-71.5 0.048

* The age-adjusted estimated levels (for age =54.5), SE: Standard error, Cl: Confidence interval, LBP: Lipolysaccharide

binding protein

The mean =+ SE levels of LBP levels are demonstrated in clinical conditions of COVID-19 patients in Figure 1.
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Figure 2. LBP Levels in Different Clinical Conditions of COVID-19 Patients
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DISCUSSION

During the COVID-19 pandemic, millions of people have
been infected. At the beginning of the pandemic, everyone
was too vulnerable to this infection; some of those had a
mild infection whereas some were hospitalized with fatal
outcomes. This outcome makes us think that individual
immunity has an impact in the clinical course of the
disease. The innate immune response to viruses occurs in
the first hours of the infection by the natural defense
mechanisms at the entry site and limits infections
immediately. Barrier integrity and eubiotic microbiota are
essential for innate immunity to work properly (5,6).

At the end of the second year of the COVID-19 pandemic,
we have observed immune-escape infections in those who
are positive for SARS CoV-2 1gG (7,8). Currently,
variants of SARS CoV-2 are widespread throughout the
world (9,10). In the clinical course of these variant
infections, as in wild virus infections, individual health
conditions seem to be the determining factor rather than
the variant type itself (11).

When the blood-intestinal barrier integrity is impaired,
bacterial translocation in systemic blood circulation
occurs. When bacterial cell product is detected in the blood
circulation even at subclinical levels, LBP occurs as an
acute phase protein synthesized mainly in the liver. LBP
concentrations have been reported to peak in 12 hours after
the exposure to the small amounts of LPS and have a long
half-life. Serum LBP concentration is a stable indicator of
LPS exposure (12,13). In our study, LBP levels were
evaluated to be higher than normal levels in all groups, and
these results were significantly higher in the severe clinical
group compared to the other two groups (Figure 1).
Consistent with our study, Giron et al. reported in their
study that systematic induction of LBP in patients with
severe COVID-19 compared to the mild COVID-19
groups were demonstrated (14). In the studies conducted
among the patients with multiple sclerosis, as a
neuroinflammatory  disease, LBP  which  serum
concentrations were highlighted to be higher (15,16).
Giron et al., found that the severity of COVID-19 is
strongly associated with the disruption of the blood-gut
barrier integrity and microbial translocation (14).
Similarly, in our study, we found the LBP blood levels at
the highest levels in the patient group with severe COVID-
19.

Furthermore, these data support our hypothesis that the
microbial translocation linked with excessive immune
activation in severe COVID-19 is resulted by the impaired
intestinal barrier integrity. Developing chronic systemic
inflammation depends on impaired mucosal integrity and
microbial translocation. The patients having chronic
inflammation earlier are extremely prone to having
excessive immune activation. Besides that, those patients
are also sensitive to develop the severity of COVID-19
clinical conditions.

In recent years, it has been clearly demonstrated that the
functions of the intestines are shown out of much more
than digestive function and also the intestinal microbiota
and mucosal barrier integrity have an enormous effect on
the immune system.

Dysbiosis (reduction in microbial diversity and the loss of
beneficial bacteria) causes the impairment of the integrity

of the intestinal barrier (17). Dysbiosis causes leaky gut
and consequently bacterial translocation.

CONCLUSIONS

LBP was found to be higher in patients who required
hospitalization. These results indicated that the impaired
intestinal barrier integrity and bacterial translocation have
an effect in the course of COVID-19 clinical conditions.
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