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of patients with Hepatitis B virus/Treponema
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ABSTRACT
Objectives: This study was aimed at exploring the effects of hepatitis B envelope antigen (HBeAg) status on
the cellular immune function of patients with hepatitis B virus/treponema pallidum (HBV/TP) co-infection.
Methods: The clinical data of 79 patients with HBV/TP co-infection admitted to our hospital from January
2019 to January 2020 were retrospectively analyzed. These patients were divided into two groups according
to the different HBeAg statuses before the treatment: 41 HBeAg+ patients were included in the HBeAg+
group, while 38 HBeAg- patients were included in the HBeAg- group. The levels of HBV-DNA, T lymphocyte
subsets represented by NK cells and cytokines associated with T cells in the peripheral blood (PB) of the
patients were compared between both groups.
Results: The HBV-DNA levels in the HBeAg+ group were significantly higher than those in the HBeAg- group
(P < 0.05). The levels of CD3+, CD4+, CD4+/CD8+ and natural killer (NK) cells in the HBeAg+ group were
higher than those in the HBeAg- group (P < 0.05), while the levels of CD8+ cells were lower than those in
the HBeAg- group (P < 0.05). Moreover, the levels of interferon-γ (IFN-γ), tumor necrosis factor (TNF-α),
interleukin-2 (IL-2), interleukin-6 (IL-6), interleukin-17 (IL-17), transforming growth factor-β (TGF-β) in
the HBeAg+ group were all significantly higher than those in the HBeAg- group (P < 0.05), but there was no
significant difference in the levels of interleukin-4 (IL-4) and interleukin-10 (IL-10) between the HBeAg+
group and the HBeAg- group (P > 0.05).
Conclusion: HBeAg+ can increase the HBV-DNA levels in the PB of patients with HBV/TP co-infection, in
turn triggering the body to initiate cellular immunity, increasing the levels of T lymphocyte subsets, and
promote the secretion of cytokines.
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Chronic hepatitis B (CHB) is a transmissible
disease that arise out of hepatitis B virus (HBV)
infection.1 Syphilis is a chronic systemic sexually
transmitted disease cause by Treponema pallidum
(TP) infection.2 Since HBV and TP share the same
bodily-fluid transmission routes, co-infection
involving both viruses are very common. In an
HBV/TP co-infection, the patient’s autoimmune
system makes a series of immune responses to
participate in the pathological process within
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the body, injuring and damaging liver cells. In
this process, cellular immunity mediated by
T lymphocyte subsets and relevant cytokines
plays a key role.3 Studies have shown that HBV
can produce inhibitory monocytes, initiate the
regulation of NK cell differentiation, and induce
NK cells to produce IL-10.4 Hepatitis B envelope
antigen (HBeAg) is a viral protein released from
liver cells into the blood during HBV replication
by the pre-core regions and core regions of the
virus genes. HBeAg+ indicates active replication
of HBV.5 Relevant studies have shown that, pretreatment HBeAg status can affect the long-term
antiviral effect of patients with HIV/HBV coinfection.6 However, whether HBeAg status can
affect the cellular immune function of patients
with HBV/TP co-infection still needs further
exploration. On this basis, the clinical data of
79 patients with HBV/TP co-infection were
reviewed, after which the effects of different
HBeAg statuses on the cellular immune function
of patients with HBV/TP co-infection were
explored and reported.
METHODS
The clinical data of 79 patients with HBV/
TP co-infection admitted to our hospital from
January 2019 to January 2020 were retrospectively
analyzed. These patients were divided into
two groups according to their HBeAg statuses
before the treatment: 41 HBeAg+ patients were
included in the HBeAg+ group, while 38 HBeAgpatients were included in the HBeAg- group.
There were 24 male and 17 female patients in
the HBeAg+ group; these patients aged 18-69,
averaging (39.72±6.18) years; their body mass
indices (BMIs) fell between 15.48 kg/m2 and
23.22 kg/m2, averaging (18.60±2.55) kg/m2; their
courses of disease lied between six months and
20 months, averaging (12.54±2.31) months; 22
patients had a family history of HBV infection
and 10 had a family history of TP infection; types
of HBV infection included: CHB and chronic
asymptomatic HBV, n = 13 and 28 respectively ;
types of TP infection included: primary syphilis,
secondary syphilis, early latent syphilis, and
advanced latent syphilis, n = 11, 10, 16, and four
respectively. There were 22 male and 16 female
patients in the HBeAg- group; these patients
aged 18-71, averaging (40.15±6.32) years; their
BMIs fell between 15.23 kg/m2 and 23.54 kg/
m2, averaging (18.72±2.68) kg/m2; the courses
of disease lasted for 5-18 months, averaging
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(12.07±2.19) months; 20 patients had a family
history of HBV infection and nine had a family
history of TP infection; types of HBV infection
included: CHB and chronic asymptomatic HBV,
n = 11 and 27 respectively; types of TP infection
included: primary syphilis, secondary syphilis,
early latent syphilis, and advanced latent
syphilis, n = 10, 9, 15, and 4 respectively. Also,
the general data of patients between both groups
showed no statistical difference (P > 0.05).
Ethical approval: The study was approved by the
Institutional Ethics Committee of Baoding First
Central Hospital, and written informed consent
was obtained from all participants.
Inclusion criteria: patients who met the
diagnostic criteria for HBV infection7; patients
who meet the diagnostic criteria for TP infection8;
patients in HBeAg+ group having had at least
six months of HBeAg+; patients who received
neither anti-viral nor immunoregulatory therapy
before the inclusion into the study; patients who
had complete clinical data.
Exclusion criteria: patients who also contracted
hepatitis A, C, D, E viruses or other viruses;
patients with liver injuries caused by alcohol
and drug allergic poisoning; patients with
autoimmune liver disease (AILD); patients with
severe organ failures, including but not limited
to the heart, lung, and kidney; patients with
malignant tumors; patients who had received
immunomodulatory therapy within the last
6 months; pregnant or lactating women; and
patients with mental disorders, etc.
3 mL PB was sampled from the patients upon
admission, and then centrifuged at 3000 r/
min for 5 min to separate the serum for DNA
extraction. The serum HBV-DNA levels were
measured using a Roche LightCycler 480 II Real
Time PCR System via a real-time quantitative
polymerase chain reaction (RT-PCR). The kit
selected was the Power SYBR Green PCR Master
Mix kit manufactured by the US-based ABI. All
operations were carried out in strict accordance
with the instructions provided within the kit.
The levels of CD3+, CD4+, CD8+ T lymphocytes
and natural killer (NK) cells in the PB were
measured with monoclonal antibodies and
Cytoflex flow cytometer (Beckman, USA).
Analyses involving all recorded counts and
statistics as well as CD4+/CD8+ calculations
were carried out with FACSCanto. 3 mL PB
was sampled from the patients and centrifuged
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RESULTS

Table-I: Comparison of HBV-DNA Levels
between both Groups ( x

± s ).

Group

n

HBV-DNA
(×106 copies/mL)

HBeAg+ group

41

38.92±6.13

HBeAg- group

38

20.77±3.41

t

16.086

P

0.000

HBV-DNA levels in the HBeAg+ group were
significantly higher than those in the HBeAggroup (P < 0.05). Refer to Table-I for more details.
The levels of CD3+, CD4+ and CD4+/CD8+T
lymphocytes as well as NK cells in the HBeAg+
group were higher than those in the HBeAggroup, while the levels of CD8+T lymphocytes
being lower than those in the HBeAg- group. The
comparison was statistically significant (P < 0.05).
Refer to Table-II for more details.
Comparison of cytokine levels in PB between
both groups: The levels of IFN-γ, TNF-α, IL2, IL-6, IL-17 and TGF-β in the HBeAg+ group
were significantly higher than those in the
HBeAg- group, showing statistically significant
differences (P < 0.05). On the contrary, there
was no statistical significance in the IL-4 and IL10 levels between the HBeAg+ group and the
HBeAg- group (P > 0.05). See Table-III.

at 3000r/min for five minutes to separate
the serum. The levels of interferon-γ (IFN-γ),
tumor necrosis factor (TNF-α), interleukin-2
(IL-2), interleukin-4 (IL-4), interleukin-6 (IL6), interleukin-10 (IL-10), interleukin-17 (IL-17)
and transforming growth factor-β (TGF-β) were
detected via enzyme linked immunosorbent
assay (ELISA) using a kit supplied by the USbased R&D. The instructions provided with the
kit were strictly followed.
Observation indicators: (1) Comparison of HBVDNA levels between both groups; (2) Comparison
of T lymphocyte subset levels in PB between both
groups; and (3) Comparison of cytokine levels in
PB between both groups.
Statistical analysis: SPSS25.0 was used to process
the statistics. The measurements were expressed
in “ x ± s ” and had their statistical significance
determined using the t test. 0.05 was taken as the
statistical significance threshold level.

DISCUSSIONS
HBV belongs to the Hepadnaviridae family and
is one of the most common and serious infectious
diseases in the world. HBV infection may impair
liver functions, and gradually develop into CHB,
cirrhosis, liver cancer and other diseases.9 TP can
enter the body through broken skin or mucous
membranes and be transported to the whole
body through the blood and lymphatic system to
damage organs and tissues, ultimately resulting

Table-II: Comparison of T Lymphocyte Subset Levels in PB between both Groups ( x

± s ).

Group

n

CD3+ (%)

CD4+ (%)

CD8+ (%)

NK (%)

CD4+/CD8+

HBeAg+ group

41

68.34±9.26

43.47±5.21

24.98±4.23

17.28±3.56

1.74±0.31

HBeAg- group

38

56.87±8.32

36.98±5.09

28.79±4.59

14.09±3.21

1.28±0.24

t

5.775

5.593

3.840

4.171

7.333

P

0.000

0.000

0.000

0.000

0.000

Table-IIIa: Comparison of Cytokine Levels in PB between both Groups ( x

± s ).

Group

n

IFN-γ (pg/mL)

TNF-α (pg/mL)

IL-2 (pg/mL)

IL-4 (pg/mL)

HBeAg+ group

41

173.53±19.98

21.81±4.22

124.33±16.48

60.73±7.63

HBeAg- group

38

148.09±17.74

16.03±2.35

98.67±13.29

58.36±7.12

t

5.966

7.439

7.581

1.424

P

0.000

0.000

0.000

0.158
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Table-IIIb: Comparison of Cytokine Levels in PB between both Groups ( x

± s ) (continued).

Group

n

IL-6 (pg/mL)

IL-17 (pg/mL)

IL-10 (pg/mL)

TGF-β (pg/mL)

HBeAg+ group

41

59.37±8.82

234.26±24.78

114.31±11.22

320.54±36.72

HBeAg- group

38

51.42±7.18

178.37±20.09

112.35±10.18

286.54±27.16

t

4.373

10.959

0.811

4.649

P

0.000

0.000

0.420

0.000

in functional loss and tissue necrosis.10 TP and
HBV share similar infection routes. Therefore, the
probability of co-infection between both is high.
The co-infection, however, will accelerate the
progression of cirrhosis in patients, which will
cause serious harm to the physical and mental
health of patients and increase the case fatality
rate.11 HBeAg is a main protein in HBV’s core and
is distributed in the blood and the whole body.
HBeAg+ indicates that the virus is in an active
replication state. Nevertheless, whether it affects
and how it affects the cellular immune function
of patients with HBV/TP co-infection are still
unclear and need further study.
In this study, the serum HBV DNA levels in
the HBeAg+ group were higher than those in
the HBeAg- group, indicating that HBeAg+
promotes the activity of HBV virus replication. It
is generally recognized that sensitive indicators
reflecting HBV replication include persistent
HBeAg positive and elevated levels of HBV DNA.
When HBeAg+ is detected in blood, it indicates
that the HBV replicates in large numbers and
is highly infectious.12 Studies have shown that
high HBV DNA load is an independent factor
of liver fibrosis and an independent predictor
of significant liver necrosis inflammation.
Furthermore, liver histological stage and grade
were higher in patients with high HBV DNA
load by stratification.13 The results of this study
indicating that when HBeAg is positive, the
virus replicates in large numbers. The levels of
CD3+, CD4+ and CD4+/CD8+ T lymphocytes and
NK cells in the HBeAg+ group were higher than
those in the HBeAg- group, while the levels of
CD8+T lymphocytes were lower than those in
the HBeAg- group, indicating that HBeAg+ can
enhance the levels of T lymphocyte subsets.
HBeAg+ indicates active replication of HBV
virus and elevated HBV DNA levels. The body
strengthens its autoimmune system in response
to a large number of viruses. After HBV infects
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the human body, it does not directly cause
hepatocyte injury. Instead, it indirectly damage
hepatocytes by inducing the cellular immunity
mediated by T lymphocytes and a part of the
cytokines. After HBV/TP invades the human
body, autoimmunity is initiated, causing T cells
to target and attack cells containing the virus.
CD3+ T lymphocytes are peripheral mature T
cells. CD4+ and CD8+ are directly associated with
cellular immune function.14 CD4+ T lymphocytes
are a kind of helper T cells, and play an important
role in immune responses to the virus: on the
one hand, they can activate and kill harmful
cells; on the other hand, they can help B cells to
produce antibodies and boost immunity. CD8+ T
lymphocytes are a kind of inhibitory and lethal T
cells that can inhibit the synthesis and secretion of
antibodies, and are mainly used for cell cleanup.
Under normal circumstances, CD4+/CD8+
levels are kept at a certain proportion to jointly
maintain the body’s autoimmune stability.15
Activated NK cells can synthesize and secrete a
variety of cytokines for immune regulation and
directly killing target cells. A study16 showed
that, the CD3+, CD4+ and CD4+/CD8+ in patients
infected with HBV decrease significantly, while
CD8+ and IL-6 increase significantly. The study
also reported that T cells and IL-6 levels are
closely correlated to disease type and HBV-DNA
load. The findings acquired herein are similar to
the reports above, indicating that the CD3+, CD4+
and CD4+/CD8+T cell levels change in HBeAg+
patients with HBV/TP co-infection.
Moreover, in this study, the levels of most
cytokines in the HBeAg+ group, such as IFN-γ,
TNF-α, IL-2, IL-6, IL-17 and TGF-β, were higher
than those in the HBeAg- group, while the IL-4
and IL-10 levels were equivalent to those in the
HBeAg- group, indicating that HBeAg+ can
promote patients with HBV/TP co-infection
to secrete T lymphocyte-associated cytokines
and involve it in the inflammatory reaction.
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Having contracted HBV/TP co-infection, the
human body makes specific immune responses
that trigger cellular immunity dominated by
T lymphocytes. Cytokines are soluble small
molecule polypeptides or glycoproteins produced
and secreted by different immune cells, and are
biological signals that play multiple functions
in normal pathological and physiological
processes.17 Having contracted HBV/TP, various
immune cells may gather and be activated at the
site of inflammation, inducing differentiation and
proliferation of various cells, in turn releasing
multiple cytokines to be involved in inflammatory
and immune responses.18 As important mediators
of inflammatory responses produced by hosts,
cytokines are major players in T lymphocytemediated cellular immunity, and are involved in
the occurrence and development of a variety of
diseases. According to the variety of cytokines
secreted, CD4+ T lymphocytes can be divided
into T helper cell 1 (Th1), T helper cell 2 (Th2),
T helper cell 17 (Th17) and regulatory T cells
(Treg).19 Th1 cell-mediated cellular immunity is
responsible for the body’s function in eliminating
viruses. The cytokines secreted include IFN-γ,
TNF-α and IL-2. Th2 cells kill virus-infected
hepatocytes primarily through the cellular
cytotoxicity of the immune cells, and mainly
secrete such cytokines as IL-4 and IL-6. Th17 cells
are helper T cells with proinflammatory effects,
which demonstrate strong immunogenicity, and
trigger the protective effects of immune response
by immunoregulatory specific killing, blocking of
signal pathway, etc.; their main effector cytokine
is IL-17. Treg cells are regulatory T cells with antiinflammatory effects; and their major immunitytriggering cytokines are IL-10 and TGF-β.20 When
HBV replicates, the virus in the body proliferates,
causing immune dysfunction. This intensifies the
immune response, and stimulates the body to
further enhance the response effects. At this point,
immune cells secrete more cytokines, including
TNF-α, IFN-γ, IL-6 and IL-17, to promote
inflammatory reaction and enhance their immune
function, at the expense of injuring and damaging
liver cells and tissues. Previous studies have
shown that, there are abnormal cytokine levels
in the pathogenesis of HBV-associated nephritis
in children. Therefore, combined monitoring of
HBV-DNA and cytokines should be carried out
during the treatment to dynamically evaluate the
changes in condition and the therapeutic effects.21
The results of this study are close to the reports
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above, indicating that HBeAg+ triggers changes
to the otherwise stable levels of T lymphocyteassociated cytokines in patients with HBV/TP
co-infection.
CONCLUSION
To sum up, HBeAg+ enhances HBV replication
in patients with HBV/TP co-infection, and
stimulates the body to initiate T lymphocytemediated cellular immunity, increase the levels
of T lymphocyte subsets, and promote the release
of a variety of cytokines to be involved in the
body’s antiviral immune response.
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