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Background: The "°C urea breath test (*C-UBT) is the gold standard for detecting Helicobacter pylori infection. H. pylori pathogenesis
in patients with hepatitis B virus (HBV) and related diseases remains obscure. We used *C-UBT to detect H. pylori infection in patients
with chronic HBV infection, HBV-related cirrhosis, HBV-related hepatic carcinoma, and other chronic hepatic diseases.

Methods: A total of 131 patients with chronic hepatitis B (HB), 179 with HBV-related cirrhosis, 103 with HBV-related hepatic carcinoma,
45 with HBV-negative hepatic carcinoma, and 150 controls were tested for H. pylori infection using *C-UBT. We compared H. pylori
infection rate, liver function, complications of chronic hepatic disease, serum HBV-DNA, serum alpha-fetoprotein (AFP), and portal
hypertensive gastropathy (PHG) incidence among groups.

Results: HBV-related cirrhosis was associated with the highest H. pylori infection rate (79.3%). H. pylori infection rate in chronic HB
was significantly higher than in the HBV-negative hepatic carcinoma and control groups (P < 0.001). H. pylori infection rate in patients
with HBV-DNA >10° copies/ml was significantly higher than in those with HBV-DNA <103 copies/ml (76.8% vs. 52.4%, P < 0.001).
Prothrombin time (21.3 £ 3.5 s vs. 18.8 £ 4.3 s), total bilirubin (47.3£12.3 umol/L vs. 26.6 £7.9 umol/L), aspartate aminotransferase
(184.5+£37.6 U/Lvs. 98.4+23.5 U/L), blood ammonia (93.4 + 43.6 umol/L vs. 35.5 + 11.7 umol/L), and AFP (203.4 + 62.6 pg/Lvs. 113.2
+45.8 pg/L) in the BC-UBT-positive group were significantly higher than in the *C-UBT-negative group (P < 0.01). The incidence rates
of esophageal fundus variceal bleeding (25.4% vs. 16.0%), ascites (28.9% vs. 17.8%), and hepatic encephalopathy (24.8% vs. 13.4%) in
the BC-UBT-positive group were significantly higher than in the 13C-UBT-negative group (P < 0.01). The percentages of patients with
liver function in Child-Pugh Grade C (29.6% vs. 8.1%) and PHG (43.0% vs. 24.3%) in the *C-UBT-positive group were significantly
higher than in the *C-UBT-negative group (P < 0.05).

Conclusions: It is possible that H. pylori infection could increase liver damage caused by HBV. H. pylori eradication should be performed
in patients with complicating H. pylori infection to delay hepatic disease progression.
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for the detection of H. pylori infection and for monitoring
the curative effect of H. pylori elimination treatment.[!
The pathogenesis of H. pylori infection in patients with
HBV-related disease remains obscure. This study explored
the H. pylori infection state in patients with chronic hepatic

INTRODUCTION

The pathogenesis of hepatitis B virus (HBV) in the
progression of chronic hepatic disease is generally accepted.
Helicobacter pylori mainly causes disease in the stomach
and duodenum, where it can induce chronic infection and

ulcers.?! In recent years, investigators have found that
H. pylori is associated with the progression of diseases other
than gastrointestinal disease, such as chronic bronchitis and
coronary sclerosis.?* H. pylori DNA could be detected in
hepatic tissue specimens of patients with chronic hepatic
disease, suggesting that coinfection with H. pylori could
aggravate a patient’s condition.’! The *C-urea breath
test (*C-UBT) is the internationally accepted gold standard
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disease and the relationship of H. pylori infection with liver
function, serum alpha-fetoprotein (AFP), complications of
hepatic disease, and portal hypertensive gastropathy (PHG).

MeTtHoDS

Patients

From January 2008 to December 2015, we performed a
prospective study on the relationship of H. pylori infection
with hepatic disease. We designed a table before the
study, set a test end point, if patients fit the enrollment
standard, and they were enrolled in the corresponding
group. Sample size was estimated using Microsoft Excel
2007 (Microsoft Corporation, USA); the sample size in
this study was larger than the estimated value. Patients who
were treated in the department of gastroenterology at our
hospital were randomly enrolled: 131 patients with chronic
hepatitis B (HB) (Group A); 179 patients with HBV-related
cirrhosis (Group B); 103 patients with HBV-related hepatic
carcinoma (Group C); 45 patients with HBV-negative hepatic
carcinoma (Group D); and 150 healthy volunteers in the
same period were enrolled as controls (Group E). Enrollment
standard: the diagnosis fit the guidelines of prevention and
treatment for chronic HB produced by the Chinese Society of
Hepatology and the Chinese Society of Infectious Diseases,
Chinese Medical Association in 2015.17 The diagnosis was
confirmed by the presence of HB surface antigen, HB surface
antibody, HB envelope antigen, HB envelope antibody, HB
core antibody, HBV-DNA, and analysis of liver function,
blood clotting function, liver computed tomography, and
Doppler color ultrasonography. Among the five groups, the
age, sex, and other general information were not significantly
different [P > 0.05, Table 1]. The clinical profile of patients
was noted from their medical records, and informed consent
was obtained from all patients. Patients with intake of
antibiotics (up to 1 month) or prior therapy for eradication of
H. pylori were excluded from the study. The Research Ethics
Committee of the Affiliated Yantai Yuhuangding Hospital of
Qingdao University approved this study. Informed consent
was obtained from all the enrolled patients.

Sample collection and 3C urea breath test testing
method

Four weeks before the test, antibiotics, bismuth, and proton
pump inhibitors were discontinued. The patients fasted for
at least 6 h before the *C-UBT. First, a baseline breath
specimen was collected and marked as 6%o (0 min). Then,
30 min after ingestion of 1*C urea, a second breath specimen

was collected and marked as 8%o (30 min).**! The equipment
used was a HY-IREXB °C breath detector (Guangzhou
Huayou photoelectricity Co. Ltd. China). Test threshold: for
detected value = §%o (30 min) —8%o (0 min), a positive value
was >4.0 and a negative value was <4.0. In our hospital,
somatostatin and octreotide were only used for patients
with complicated esophageal fundus variceal bleeding; for
such patients, *C-UBT was performed during a period when
neither somatostatin nor octreotide was used.

Hepatitis B virus-DNA specimen collection and testing
Blood specimens were collected from all patients and
centrifuged as soon as possible. Serum was collected and,
if not tested promptly, was stored at —18°C. HBV-DNA
quantity was tested by polymerase chain reaction. Samples
with <10° copies/ml HBV-DNA were judged to be negative,
and samples with >10° copies/ml were judged to be
positive.l%

Serum specimen examination

Serum prothrombin time (PT), total bilirubin (TBIL),
aspartate aminotransferase (AST), blood ammonia (NH,),
and AFP were tested using standard methods."

Gastroscopy examination

The purpose of gastroscopy was to evaluate the relationship
of H. pylori infection with PHG. As PHG could only occur
in patients with cirrhosis, they underwent gastroscopy to
assess the grade of varices and the severity of PHG. The
severity of PHG was classified according to McCormack’s
classification into two classes: mild and severe. Mild PHG
comprises a snake-skin or mosaic pattern or fine pink
speckling, and severe PHG comprises cherry-red spots
with or without spontaneous bleeding.l'? Patients with
diseases such as peptic ulcer, cardio and cerebro-vascular
disease, or acute gastric mucosal lesions induced by
nonsteroidal anti-inflammatory drugs were excluded from
the study.

Statistical analysis

The data were represented as mean + standard deviation
(SD). Measurement data were analyzed using ?-test;
numeration data were analyzed using Chi-square test;
A value of P<0.05 was considered statistically significant.
The statistical package SPSS software version 17.0 for
Windows (SPSS Inc., USA) was used. H. pylori infection
rate, liver function, complications of chronic hepatic
disease, serum HBV-DNA, AFP, and PHG incidence among
the groups were compared.

Table 1: Information of patients and volunteers

Characteristics Chronic HBV-related HBV-related HBV-negative Healthy P
hepatitis B cirrhosis hepatic carcinoma hepatic carcinoma volunteers
(n=131) (n=1179) (n =103) (n = 45) (n = 150)

Sex (male/female) 85/46 104/75 68/35 25/20 82/68 0.261

Age (years), mean + SD 493+ 13.1 53.5+11.2 524+11.6 58.3+10.9 52.3+11.7 0.347

HBV: Hepatitis B virus.
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ResuLts

13C urea breath test positive rate

The HBV-related cirrhosis patient group had the highest
BC-UBT-positive rate (79.3%). The rate was significantly
higher than that of the chronic HB, HBV-negative hepatic
carcinoma, and healthy volunteer groups (P < 0.001).
The 'BC-UBT positive rate of the chronic HB group was
significantly higher than that of the HBV-negative hepatic
carcinoma and healthy volunteer groups [P <0.001, Table 2].

Relationship of hepatitis B virus-DNA with Helicobacter
pylori infection

The percentage of patients with a positive *C-UBT
in the group with >10° copies/ml HBV-DNA
was significantly higher than that in the group with
HBV-DNA <10° copies/ml [P < 0.001, Table 3]. There
was no significant difference between the group of patients
with 10°-10° copies/ml HBV-DNA and the group with >10°
copies/ml HBV-DNA (P > 0.05).

Relationship between '3C urea breath test and liver
function

PT, TBIL, AST, NH,, and AFP levels in the *C-UBT-positive
group were significantly higher than those in the
BC-UBT-negative group [P < 0.01, Table 4].

Of'the 179 patients with HBV-related cirrhosis, 142 exhibited
a positive *C-UBT, and 37 were *C-UBT negative. This
showed that in the *C-UBT-positive group, the percentage
of patients whose liver function is in Child-Pugh Grade C
was significantly higher than that in the *C-UBT-negative
group [P <0.01, Table 5].

Relationship of '*C urea breath test with complications
of liver disease

The incidence of esophageal fundus variceal bleeding,
ascites, and hepatic encephalopathy in the *C-UBT-positive
group was significantly higher than in the C-UBT-negative
group [P <0.01, Table 6].

Relationship of *C urea breath test with portal
hypertensive gastropathy in patients with hepatitis B
virus-related cirrhosis

In patients with HBV-related cirrhosis, the incidence of
PHG in the C-UBT-positive group (43.0%, 61/142) was
significantly higher than that in the C-UBT-negative
group (24.3%, 9/37) (P <0.05). Of the 61 patients with PHG
who were C-UBT positive, 40 had severe PHG and 21 had

mild PHG; two patients had severe PHG and seven had mild
PHG in the group of *C-UBT-negative patients. The difference
was statistically significant (P < 0.05, odds ratio = 0.150,
95% confidence interval = 0.029-0.787) [Figure 1].

Discussion

H. pylori infections can be diagnosed by a variety of invasive
and noninvasive methods. Originally, endoscopic biopsy was
the gold standard, but it is invasive and prone to sampling
error, as H. pylori tends to be heterogeneously distributed
in the stomach. Serologic examinations are noninvasive and
convenient but do not accurately reflect infection status.
The *C-UBT is based on the potent urease activity of
H. pylori in the gastric mucosa. It uses *C-labeled urea for
the test, is noninvasive, and was developed to overcome the
shortcomings of serologic testing. *C-UBT is widely used
for the detection of H. pylori infection because it is reported
to have a sensitivity and specificity of more than 90%, and
it is more convenient to use and safer for patients. For these
reasons, the *C-UBT is now routinely used for the diagnosis
of H. pylori infection.l'*'3 This study used *C-UBT for the
detection of H. pylori infection and was easily accepted by
patients and volunteers.

In recent years, investigators have paid close attention to the
relationship between H. pylori infection and liver disease. It
was reported that the H. pylori infection rate in patients with
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Figure 1: Association of *C-UBT with severity of PHG (P = 0.035,
OR = 0.150, 95% C/ = 0.029-0.787). "*C-UBT: *C urea breath
test; PHG: Portal hypertensive gastropathy; OR: 0dds ratio;
CI: Confidence interval.

Table 2: Results of *C-UBT

Group Case number 3C-UBT (+),n Helicobacter pylori
infection rate (%)

Chronic hepatitis B (A) 131 76 58.0
HBV-related cirrhosis (B) 179 142 79.3
HBV-related hepatic carcinoma (C) 103 71 68.9
HBV-negative hepatic carcinoma (D) 45 15 333

Healthy volunteers (E) 150 35 233
x*=120.817; P<0.001. *C-UBT: "*C-urea breath test; HBV: Hepatitis B virus.
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HBYV was significantly higher than in volunteers. Moreover,
HB patients with H. pylori coinfection exhibited high levels
of HBV-DNA.!'"! Studies indicated that H. pylori infection
rates in patients with HBV-related cirrhosis and HBV-related
hepatic carcinoma were significantly higher than in the
control group.'? H. pylori could be detected not only in
human gastric mucosa, but also in human hepatic tissue.!'®!

The present study demonstrates that the HBV-related
cirrhosis patient group had the highest H. pylori infection
rate (79.3%). It was significantly higher than that in the
chronic HB, HBV-negative hepatic carcinoma, and control
groups, which indicated that H. pylori infection rate increased
with progression of disease in patients with chronic HB. This
result suggests that H. pylori contributes to pathogenesis in
coordination with HBV. The H. pylori infection rate in patients
with >10° copies/ml HBV-DNA was significantly higher
than in those with <10° copies/ml HBV-DNA (P < 0.05),
suggesting that HBV-DNA replication could increase the
H. pylori infection rate. However, there was no significant
difference between the group with 10°~10° copies/ml
HBV-DNA and the group with >10° copies/ml HBV-DNA,
indicating that the H. pylori infection rate was not correlated
with viral load.

Table 3: Relationship between HBV-DNA level and
Helicobacter pylori infection

Group Case  "C-UBT Helicobacter pylori
number positive infection rate (%)
HBV-DNA (copies/ml)
<103 103 54 524
>10° 310 238 76.8
10°-10° 181 135 74.6
>10° 129 103 79.8

x> =20.965; P<0.001. *C-UBT: '*C-urea breath test; HBV: Hepatitis
B virus.

Table 4: Relationship between *C-UBT positivity and
liver function

Characteristics  '3C-UBT-positive  '*C-UBT-negative P
(n = 339) (n = 269)

PT (s) 213+3.5 18.8+43 0.006

TBIL (umol/L) 473+123 26.6+7.9 0.007

AST (U/L) 184.5+37.6 98.4+23.5 0.004

NH, (umol/L) 93.4+43.6 35.5+11.7 0.004

AFP (ug/L) 203.4 +62.6 113.2+45.8 0.009

Data are presented as mean + SD. *C-UBT: "*C-urea breath test;
AFP:  Alpha-fetoprotein; NH,: Blood ammonia; AST: Aspartate
aminotransferase; TBIL: Total bilirubin; PT: Prothrombin time.

This study shows that PT, TBIL, AST, blood NH,, and AFP
levels in the “C-UBT positive group were significantly
higher than those in the *C-UBT-negative group (P < 0.05).
In addition, patients with HBV-related cirrhosis whose
BC-UBT was positive had worse liver function, suggesting
that H. pylori infection may aggravate liver pathology. The
percentage of patients with liver function of Child-Pugh
Grade C in the “C-UBT-positive group was significantly
higher than in the *C-UBT-negative group. Meanwhile, we
found that serum AFP level in the “C-UBT-positive group
was significantly higher than that in the *C-UBT-negative
group, indicating that H. pylori infection was perhaps a risk
factor for the occurrence of hepatic carcinoma. It is possible
that H. pylori infection is associated with immunopathogenic
damage and immunological tolerance in patients with
hepatic disease. Interestingly, with the progression of the
disease, the H. pylori infection rate was increased. As
patients with chronic HB are often immunocompromised,
they exhibit signs of immunopathogenic damage as well
as immunological tolerance. This results in a reduction
in the ability of the gastrointestinal mucosa to defend
against infection, leading to an alteration in the flora of
the gastrointestinal tract. The gastric mucosa then reaches
a state of hyperemia and anoxia, which makes eradication
of H. pylori difficult, leading to an increase in the H. pylori
infection rate.[" The incidence of esophageal fundus variceal
bleeding, ascites, hepatic encephalopathy, and PHG in the
BC-UBT-positive group was significantly higher than for
the *C-UBT-negative group (P < 0.05). This suggests that
H. pylori eradication should be performed for patients with
hepatic disease with complicating H. pylori coinfection to
prevent the deterioration of liver function.

High ammonia levels in the blood is the main cause of
hepatic encephalopathy in patients with cirrhosis, with the
main source of NH, in the blood coming from the intestinal
tract. It was found that urease produced by H. pylori could
decompose urea that diffused into the digestive tract,
producing large amounts of NH,. This results in an increase
in the NH, concentration in the stomach, potentially causing
damage to the gastric mucosa. NH, is then absorbed through
the stomach into the blood, making H. pylori infection a
likely source of high-blood NH, in patients with cirrhosis.>"
In this study, we demonstrated that blood NH, levels in
the BC-UBT-positive group were significantly higher than
those in the *C-UBT-negative group, with a concomitant
increase in the incidence of hepatic encephalopathy. This
supports the observations that A. pylori in the stomach
contributes to high-blood NH,, and that H. pylori infection
can lead to hepatic encephalopathy. When gastric mucosa

Table 5: Relationship between '*C-UBT positivity and liver pathology (Child-Pugh classification) in patients with

HBV-related cirrhosis (n = 179)

Group Number Grade A, n (%) Grade B, n (%) Grade C, n (%)
13C-UBT positive 142 43 (30.3) 57 (40.1) 42 (29.6)
BC-UBT negative 37 22 (59.5) 12 (32.4) 3(8.1)

x> =12.716; P<0.01. HBV: Hepatitis B virus; *C-UBT: '*C-urea breath test.
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Table 6: Relationship between '3C-UBT and complications
of liver disease

Characteristics 3C-UBT 13C-UBT P
positive negative
(n=339) (n=269)
Esophageal fundus variceal 86 (25.4) 43 (16.0) 0.007
bleeding, n (%)
Ascites, n (%) 98 (28.9) 48 (17.8) 0.002
Hepatic encephalopathy, 1 (%) 84 (24.8) 36 (13.4) 0.001

BC-UBT: "*C-urea breath test.

is in a state of congestion and edema, local tissue becomes
ischemic, anoxic, and prone to circulatory disorders,
providing conditions prone to H. pylori infection and
gastric mucosal erosion and bleeding. Moreover, changes
in intestinal flora make H. pylori eradication difficult. In
addition, the cytotoxic action of H. pylori could aggravate
hepatic injury and induce hyperammonemia and hepatic
encephalopathy.!' %

The pathogenesis of PHG is complex. Many factors, including
splanchnic blood flow, local disturbances in the regulation of
vascular tone, and portal pressure, have been examined to
determine the underlying mechanisms. It is postulated that
PHG develops as a result of vascular congestion induced by
blockade of gastric blood drainage rather than by hyperemia.
H. pylori infection is well documented to be associated with
many gastric mucosal lesions and peptic ulcers; however,
its role in the development of PHG is unclear. This study
confirms that H. pylori infection is significantly correlated
with the severity of PHG, as previously reported.'? Our
results show that patients with H. pylori infection are nearly
twice as likely to develop PHG as patients without H. pylori
infection. Our study also showed that severity of PHG was
associated with H. pylori infection (P < 0.05). Thus, we
demonstrated a significant association of H. pylori with
PHG in cirrhosis and with the severity of PHG. The results
suggest that the eradication of H. pylori may delay the
progression of PHG.

In conclusion, our analysis showed a positive association
between H. pylori infection and the risk of chronic
HB, HBV-related cirrhosis, and HBV-related hepatic
carcinoma. This finding suggests that H. pylori infection
may be associated with clinical manifestation and
disease progression. We wish to highlight the importance
of H. pylori screening of patients with chronic HB,
particularly those with HBV-related cirrhosis and
HBV-related hepatic carcinoma. However, given the
limitations of the included studies, our study itself had
some limitations. These findings must, therefore, be
confirmed by larger prospective trials.
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