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Objective

To investigate the characteristics and mechanism of the dynamics of HBV infection with the progression of HIV disease and to explore the different responses of T lymphocytes to HBV in HIV patients in different stages of disease.



Methods

We compared the rates and characteristics of HBV coinfection between 372 early HIV-infected and 306 chronically HIV-infected men who have sex with men (MSM) in the Beijing Youan Hospital from October 2006 to November 2014. We further analysed IFN-γ-producing HBV-specific CD8+ T cells in 15 early HIV-infected individuals and 20 chronic HIV-infected individuals with HBV coinfection.



Results

Twenty-three HBsAg-positive cases were detected among the 372 early HIV-infected patients of this cohort, and the coinfection rate was 6.18%, while 35 HBsAg-positive cases were detected among the 306 chronically HIV-infected patients, with a coinfection rate of 11.44%. The coinfection rate of the chronically HIV-infected patients was significantly higher than that of the early-infected patients (p=0.0005). The median CD4+ T cell count in the early HIV infection patients was 445 cells/μL (196-1,030 cells/μL), which was higher than that in the chronic HIV infection patients [358 cells/μL (17-783 cells/μL)] (p<0.001). The proportion of IFN-γ-producing CD8+ T cells in early HIV-infected patients was significantly higher than that in chronically HIV-infected patients.



Conclusion

The coinfection rate of HBV in HIV patients increases with HIV disease progression, which might be related to the decreased IFN-γ-producing HBV-specific CD8+ T cell numbers. The closely monitored HBV serum markers from the early stage of HIV infection are warranted.
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1 Introduction

HIV and HBV coinfections are clinically common because they can both be transmitted sexually. HBV can cause early infection with or without clinical symptoms in healthy adults, but the human immune system can fight and clear the HBV in the very early stage to prevent progression to the chronic phase (1). Chronic HBV infection is common in infants and children due to their immature immune systems, which cannot rapidly eliminate the HBV and allow the infection to develop to the chronic stage (2). At present, there are differing perspectives on the impact of HIV and HBV coinfection on the progression of HIV disease (2, 3). Several studies have found that HBV infection has no impact on HIV progression in the clinic, while others have found that it promotes HIV progression (4–6). Generally, HIV combined with HBV infection has a great impact on disease progression in patients (7); for example, the incidence of cirrhosis and hepatocellular carcinoma increases among patients with HIV-HBV coinfection compared with HIV infection only (7). Therefore, it is of great significance to understand the characteristics of HBV coinfection in HIV patients and the ways to manage it as early as possible.

Many studies are focusing on HIV patients with HBV infection, but the conclusions have been inconsistent (1, 3, 7–10). Some studies have shown that HIV infection has a positive role in the elimination of the HBV (11), while others have discovered increased HBV coinfection among HIV patients. These controversial conclusions might be due to the different HIV-infected patients chosen by each study. HIV attacks the human immune system and causes dramatic changes to it as disease develops, and different CD4+ T cell levels might lead to different outcomes of HBV infection in HIV patients.

Since there are no overt clinical symptoms of patients with early HIV infection, and few patients can be recruited for detailed observation, most studies have focused on chronic HIV patients. Our previous research showed that the rate of HBV coinfection in early HIV-infected patients is significantly lower than that in chronically HIV-infected patients. Based on this, we inferred that, with the development of disease, the ability to respond to and clear the HBV dramatically decreases. IFN-γ-producing CD8+ T cells play an important role in HBV viral clearance (12). Although many scientists and physicians have speculated that HBV clearance is higher in the early phase of HIV than in chronic phase patients, no research has compared the T cell response to HBV between early and chronic HIV patients. Therefore, we compared and analysed the T cell response to HBV of HIV-infected patients in different phases in this study.

To study the related factors of HIV patients coinfected with HBV at different disease stages in the MSM group, the MSM follow-up cohort from Beijing Youan Hospital affiliated with Capital University was used in this study (9). We describe the clinical characteristics of HBV infection in early HIV-infected patients and chronic HIV-infected patients in this study, hoping to provide evidence for the prevention of HBV infection in people living with HIV.



2 Materials And Methods


2.1 Study Population

The early HIV infection cohort in this study was from an open and prospective cohort of MSM with high-risk behaviours established in the Beijing Youan Hospital, Capital Medical University (9). The cohort recruited MSM who were HIV-negative at the age of 18 years or older and were followed up every 2 months for HIV antibody and HIV RNA testing until a positive HIV antibody conversion occurred from October 2006 to November 2014. The chronic HIV infection cohort was retrospectively collected from consecutive MSM who were diagnosed with chronic HIV infection in the Beijing Youan Hospital, Capital Medical University from October 2006 to November 2014.

The inclusion criteria were as follows: 1) enrolment in either the early HIV infection cohort or the chronic HIV infection cohort; 2) age >18 years; and 3) no history of antiretroviral therapy (ART). The exclusion criteria were as follows: 1) other hepatitis virus (i.e., HAV, HCV, HDV, and HEV) infected patients and 2) patients with opportunistic infections or AIDS-related tumours.

This study was approved by the Ethics Committee of Beijing Youan Hospital. All patients signed an informed consent form before participating in this study.



2.2 Methods


2.2.1 Definition

Early HIV infection: Patients who were HIV antibody negative but HIV RNA-positive, those with suspicious HIV antibody WB bands who were HIV-RNA positive, or those who showed positive HIV antibody conversion within 6 months during the cohort follow-up.

Chronic HIV infection: Patients who showed positive HIV antibody conversion over 6 months.



2.2.2 Study Design

The HBV serum markers, HIV RNA and CD4+ T cell number of all patients in the two phases of HIV infection cohorts were tested at the time of HIV diagnosis and confirmed afterwards. HBV serum markers of patients in the acute HIV infection cohort were collected for testing at weeks 1, 2, 4, 8, and 12 and then every 3 months thereafter.



2.2.3 Detection of Hepatitis B Virus (HBV) Infection

HBV-specific antigens and antibodies in patient plasma were measured by Elecsys® HBsAg Immunoassay kits (Roche Diagnostics GmbH, Mannheim, Germany), immunoassay analyser cobas e411 kits (Roche Diagnostics GmbH, Mannheim, Germany) and specific ELISA test kits (PRECHEK Bio, Anaheim, USA) according to the manufacturer’s instructions in the clinical laboratory at Youan Hospital. HBV infection is defined as the presence of HBsAg +/- and detectable HBV DNA (13).



2.2.4 Markers of HIV Disease Progression

Absolute blood CD4+ T cell counts were measured by flow cytometry (BD FACSCanto flow cytometer, BD Bioscience, San Jose, CA, USA). HIV RNA was tested by the Amplicor HIV monitor ultrasensitive method with a detection limit of 40 copies/mL of plasma.



2.2.5 Liver Function Tests

Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels in patient plasma were tested by a UV-LDH method test kit (Fortress Diagnostics Limited, United Kingdom).



2.2.6 In Vitro Stimulation

The frozen peripheral blood mononuclear cells (PBMCs) collected from healthy individuals, early HIV-infected patients who were HBsAg-positive and chronic HIV-infected patients who were HBsAg-positive were cultured (1×106 cells/mL) in 10 mL foetal bovine serum (Gibco Australia Origin, USA) and stimulated with an HBsAg overlapping peptide pool (donated by Prof. Tao Dong, Oxford) for 8 hours. The transport inhibitor Brefeldin A (3 μg/mL, eBioscience) was added into each stimulus condition. The cells were stained with surface antibodies (CD3-PerCP and CD8-FITC, BD Bioscience, San Jose, CA, USA). The surface-stained cells were washed, fixed, and permeabilized using the Permeabilization/Fixation Kit (eBioscience, Waltham, MA, USA) before intracellular cytokine staining with IFNγ-PE, (BD Bioscience, San Jose, CA, USA). The stained cells were fixed with 1% formaldehyde for analysis by a FACS Canto flow cytometer (BD Bioscience, San Jose, CA, USA) within 24 hours.



2.2.7 Statistical Analysis

Data analyses were performed with Statistical Product and Service Solution 16.0 (SPSS for Windows, Version 16.0. Chicago, SPSS Inc.). Data that fit a normal distribution were expressed as the means ± SD, while those that fit a nonnormal distribution were represented by the medians (lower quartile-upper quartile). The comparison of the related data between different groups was analysed by T test or Chi-square test depending on the data type. P<0.05 was considered to be statistically significant for all analyses.





3 Results

The general information of 372 early and 306 chronically HIV-infected patients was collected from outpatient clinic-based MSM cohorts established in Beijing Youan Hospital, Capital Medical University from October 2006 to November 2014 (Figure 1). Twenty-three patients (6.18%) were HBsAg-positive in the 372-patient early HIV infection group, and 35 patients (11.44%) were HBsAg-positive in the 306-patient chronic HIV infection group. The rate of HBV coinfection in the chronic HIV infection group was significantly higher than that in the early HIV infection group (p=0.015, Figure 2). The CD4+ T cell counts decreased from an average of 445 in the early HIV infection group to 358 in the chronic HIV infection group (p<0.001) (Table 1). The distributions of age and HIV viral load were not significantly different between the two groups. Additionally, the distributions of HBV coinfection and CD4+ T cell counts were also significantly different between the two groups.




Figure 1 | Flow chart of the study procedure.






Figure 2 | The rate of HBsAg positivity in the early HIV infection and chronic HIV infection groups.




Table 1 | Characteristics of patients in the early and chronic HIV infection cohorts.



Among the other 349 early HIV-infected patients whose HBsAg was negative at diagnosis, 34 were observed to have HBV serum markers until developing to the chronic phase of HIV infection. During the follow-up period, 4 patients showed HBV-specific antigen and/or specific antibody changes (see Table 2). The CD4+ T cell counts decreased and the viral load increased in 4 patients from the early phase to the chronic phase of HIV infection. The number of hepatitis B virus-specific antibodies decreased from the early phase to the chronic phase of HIV infection in the four patients, and two patients’ HBsAg became positive. The ALT and AST levels were similar, and HIV developed from the early to the chronic stage in the four patients.


Table 2 | Characteristics of patients who had HBV-specific antigens and/or specific antibody changes from early to chronic phases.



Subsequently, the proportion of IFN-γ-producing CD8+ T cells in PBMCs was detected in 15 early HIV-infected patients and 20 chronic HIV-infected patients. After stimulation with HBsAg overlapping peptide, the capacity of CD8+ T cells to secrete IFN-γ was significantly improved in early HIV-infected patients (see Figure 3A). Furthermore, the proportion of IFN-γ in CD8+ T cells in the early HIV infection group was significantly higher than that in the chronic group (p<0.01) (see Figure 3B). The correlation analysis showed that there was no correlation between the proportion of IFN‐γ in CD8+ T cells and the CD4+ T cell counts in co-infected patients (r=0.070, p=0.837).




Figure 3 | Frequency of IFN-γ-producing CD8+ T cells in normal controls, early HIV infection, and chronic HIV infection groups. (A) The gating strategy for flow cytometric analysis of IFN-γ-producing CD8+ T cells. (B) Comparison of the proportion of IFN-γ-producing CD8+ T cells. The significance of differences was assessed by calculating P values in Mann–Whitney tests. **p < 0.01, ***p < 0.001.





4 Discussion

The influence of HIV infection combined with HBV has been reported in many studies, and some studies have suggested that it might be due to susceptibility to HBV at different HIV infection stages (14). In this study, we explored the clinical and immunological characteristics of HIV patients from the MSM cohort coinfected with HBV in a long-term observation. From our retrospective cohort of early and chronic HIV infection studies, we found that the HBV coinfection rate increased significantly during chronic HIV infection compared with the early stage in China. HBV-specific antigens in two of four early HIV infection patients became positive as the disease developed to chronic HIV infection. From the data shown in this study, we found that the rate of HBV infection increased with the development of HIV infection. On the one hand, the lower CD4+ T cell counts and the severer dysfunction make chronic HIV-infected individuals more susceptible to HBV infection. On the other hand, the spontaneous clearance of HBV in chronic HIV-infected individuals might lead the chronic HBV infection to more likely develop due to the CD8+ T cell exhaustion spontaneous clearance ability and the reduced ability of CD8+T cells to secrete IFN-γ.

Most HBV infections are acquired during the perinatal period or due to high exposures in early childhood. In this study, we observed a clear increase in the HBV infection rate with disease development and immune system damage in adult HIV patients. The rate was significantly higher in the HIV group than in the general population (15). In China, it was reported that only 5%~10% of people above 5 years old could develop chronic HBV infection (16). The reason might be that HIV infection destroys host immune CD4+ T cells, which are resistant to HBV (17). HIV infection can cause CD4+ T cell reduction and dysfunction, making the infected human body vulnerable to HBV (17), subsequently damaging HBV clearance and ultimately aggravating the progression of liver disease (18, 19). cccDNA has been shown to persist even in the liver of patients with successful cellular and humoral control of the infection (20), which suggests that HBV may come from cccDNA in the liver tissue. Other studies have shown the reactivation of HBV after receiving anticancer therapy or rituximab-containing treatment (11, 21). Similar results in our study suggest that HIV patients are more prone to coinfection with HBV. Once infected, the spontaneous clearance ability is low, and chronic HBV infection easily develops. Due to the limitation of the number of cases, this conclusion should be tested and verified in a large-scale prospective study in the future.

Serological changes were detected in the two HIV patients infected with HBV in this study, both of whom were newly infected in the early stage of HIV. The serum of one patient was anti-HBs-positive in the early stage but confirmed as HBV-positive when HIV developed to the chronic stage. The other patient tested anti-HBc-positive only in the early stage of HIV but was HBsAg-positive in the chronic stage, which could be explained by the previous HBV infection history. Many studies have reported that spontaneous seroreversion (HBsAb negative and HBsAg conversion) often occurs in HIV-infected individuals, especially in patients whose CD4+ T cell count is below 200 cells/mm3 (22–24). Therefore, it suggests that it is particularly important to monitor HBsAb titre changes in HBsAb-positive patients. Vaccination may prevent vulnerable individuals from experiencing HBV reinfection. If liver function is unexplained abnormal, and the reoccurrence of HBV infection cannot be ruled out, clinicians should evaluate the stage of HBV coinfection among HIV patients. Occult Hepatitis B virus infection (OBI) is not common in the HIV-infected population, and the presence of HBV DNA replication in blood and/or liver can be detected, but serum HBsAg is negative (14). The prevalence of OBI in HIV-infected patients varies from 2% to 10% by region, since the ALT and HBV DNA levels usually increase slightly; thus, clinical OBI cannot be confirmed to be very significant. However, some studies have shown that OBI can accelerate the progression of liver disease and have suggested that monitoring HBV markers regularly and vaccination for these populations might be of great importance (25). Therefore, it is worth further exploring whether HBV positivity in these two immunocompromised HIV patients was due to the re-replication of the original HBV infection or a new infection.

Given that HIV/HBV coinfection results in higher morbidity and mortality of liver disease compared to single HBV infection, greater attention should be given to controlling HBV infection among HIV patients. As immune restoration by HAART treatment can improve HBV modulation, a preventive regimen should be taken into consideration for immune-compromised patients with HIV infection. Currently, sexual transmission among the MSM group has become the main method of HIV spread worldwide (26); the HBsAb-positive rate was less than 70% according to an investigation of the MSM group in China (27), and our study further demonstrated the importance of HBV vaccination and HBsAb detection in the MSM population.

At the early stage of infection, the response of CD8+ T cells specific for HBV plays a key role in viral clearance, but this type of response becomes weakened due to CD8+ T cell exhaustion after the disease develops into the chronic stage (28, 29). IFN-γ and TNF-α secreted by CD8+ T cells possess antiviral properties (12). Based on our observation from the early and chronic HIV patients in this study, we found that, with HIV disease progression, the number and function of CD4+ T cells decreased, and the ability of CD8+T cells to secrete IFN-γ also declined gradually. Altogether, the killing function of these cells is seriously affected. The chance of HBV reinfection is highly increased for HIV patients coinfected by HBV who do not accept ART; with the development of the disease, the HBsAb level decreases precipitously, along with the gradual impairment of immune function.

There are some limitations of this study. First, due to the limitations of our facility, we only detected the ability of CD8+ T cells to secrete IFN-γ instead of testing the killing function of HBV-infected cells directly. Second, the cohort size was relatively small, which limited our capacity to draw a robust conclusion. Third, the markers of cytotoxicity on CD8+ T cells should have been tested. However, as a pilot study, we did not detect other surrogate markers. The results of this study supported us to further explore the relationship between the cytotoxicity of CD8+ T cell after ex vivo stimulation by HBV antigens in follow-up studies. Fourth, it is a pity that the information of HBV vaccine in the two retrospective cohorts was absent. We failed to evaluate the proportion and the efficacy of HBV vaccine in the present study. The results of this study supported us to further explore the benefits in the early HIV-infected patients and chronically HIV-infected patients. In the future, we will explore the mechanism of chronic HBV infection in HIV patients if more appropriate patients become available.

In summary, the coinfection rate of HBV in HIV patients increases with HIV disease progression, which might be related to the decreased IFN-g-producing HBV-specific CD8+ T cell numbers. The closely monitored HBV serum markers from the early stage of HIV infection are warranted.
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