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Abstract: Serum virological products of hepatitis B virus (HBV) infection, such as 

HBV DNA, HBV RNA, hepatitis B surface antigen (HBsAg), hepatitis B e antigen 

(HBeAg), and hepatitis B core-related antigen (HBcrAg), are important non-invasive 

indicators that are critical for the rapid diagnosis of the diseases. Improving the 

accuracy of these products is essential, and the development of corresponding 

detection technologies is pivotal in achieving this goal. The aim of this article is to 

provide a comprehensive and systematic overview of the life cycle of HBV, including 

the latest research progress. In addition, classical and novel methods for detecting 

HBV serum virological products with high accuracy are analyzed and compared, and 

their clinical applications are discussed. Ultimately, the goal of this article is to 

provide valuable insights and references for effectively monitoring chronic hepatitis B 

(CHB) infection. 
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1.Introduction 

Hepatitis B virus (HBV) is a small (3.2 kb), partially double-stranded DNA virus that 

belongs to the Hepadnaviridae family [1]. The discovery of the "Australian antigen" 

as the hepatitis B virus surface antigen (HBsAg) by Dr. Baruch Blumberg in 1967 

paved the way for the diagnosis, prevention, and treatment of HBV infection [2]. The 

history of serum virological products of hepatitis B virus is shown in Figure 1. As 

shown in Table1, the European Association for the Study of the Liver (EASL) 

classified chronic HBV infection into the following categories: HBeAg-positive 

chronic infection (formerly known as the immune tolerance period), HBeAg-positive 

hepatitis B infection (formerly known as the HBeAg-positive immune activity period 

or immune clearance period), HBeAg-negative chronic infection (formerly known as 

the inactive carrier phase or low replication phase), and HBeAg-negative chronic 

hepatitis B infection (formerly known as the HBeAg-negative immune active phase or 

reactivation phase) based on the evaluation of HBV related liver disease indicators [3, 

4]. However, around 40% of patients cannot be categorized under the 

above-mentioned stages [4], resulting in a new category of infection which is referred 

to as the "uncertain period" of chronic HBV infection. Furthermore, the risk of 

progression of chronic hepatitis B infection during the "uncertain period" is still high 

[4]. 

Over the past 30 years, there has been extensive research on the HBV life cycle[5]. 

The virus binds to liver-specific receptors such as sodium taurocholate cotransporting 

polypeptide (NTCPs) and heparan sulfate proteoglycans (HSPGs), resulted in 

endocytosis and the release of HBV core particles[6, 7]. These particles are 

transported to the nucleus, where the HBV genome is released and gets converted 

from relaxed circular double-stranded DNA (rcDNA) to covalently closed circular 

DNA (cccDNA)[8], which is highly stable and contributes to the persistence of 

chronic HBV infection and low cure rates[9]. HBV cccDNA interacts with host 

transcription factors to produce pgRNA, HBx mRNA, precore mRNA, and preS/S 
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mRNA [10]. The HBV mRNA is primarily transported to the cytoplasm and translated 

without splicing. The pgRNA is responsible for the expression of core proteins and is 

translated into core proteins and viral polymerase in the cytosol, which are then 

assembled into immature core particles and released into the blood[11]. It has been 

studied that the serological HBV RNA level might reflect cccDNA translational 

activity in liver tissue[12-15]. The mutation of the HBV genome occurs through 

reverse transcription of the HBV pgRNA by HBV DNA polymerase to rcDNA in core 

granules [16, 17]. Mature core particles can be enveloped by virus surface proteins 

and secreted through the multivesicularbody (MVB) pathway, or these can migrate to 

the nuclear pore complex [18]. Early assessment of histological damage and residual 

levels of new infection caused by viral activity during the HBV life cycle is crucial 

for preventing hepatitis recurrence, liver disease progression and ultimately achieving 

a functional cure against chronic hepatitis B (CHB) infection. 

2. Advancements in the detection methods for HBV serum virological products 

In clinical practice, based on the nature of the specific products, valuable information 

for evaluating clinical phase of HBV infection can be extracted by quantifying serum 

virological products. Currently, there are ongoing debates within the scientific 

community about the optimal test method for different serological products as the 

detection methods are constantly getting innovated. Classical methods of detection 

include the following: Quantitative Real-time polymerase chain reaction (qPCR), 

enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA), and 

enzyme immunoassay (EIA). In recent years, stable and highly precise new detection 

technologies including Chemiluminescence immunoassay (CLIA) and 

chemiluminescent particle immunoassay (CMIA), emerged [19].Among them, five 

methods for classical HBV serum biomarker detection are shown in Table 2. 

Quantitative Real-time PCR (qPCR) is a powerful detection method that involves the 

addition of a fluorescent gene to the PCR reaction system. This allows for real-time 

monitoring of the entire PCR process using fluorescence signal accumulation, 

enabling accurate of an unknown template by using a standard curve [20]. In 

compared to clinical testing, biological chemistry, and other assays, quantitative PCR 
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testing does have a relatively low degree of automation and requires higher levels of 

expertise from operators and careful management of experimental conditions[21, 22]. 

The precision and accuracy of the La Roche Light Cycler 480 qPCR system for 

HBV-DNA detection have been evaluated, and its performance has been verified. 

Using TaqMan probes, HBV RNA in serum samples can also be quantified utilizing 

quantitative Real-time RT-PCR[23]. However, during qPCR operation, several 

parameters must be taken into consideration, such as the background of homologous 

and heterologous DNA and the specificity of oligonucleotide hybridization, as these 

factors may contribute to the quantitative deviation of real-time fluorescence 

quantitative PCR reactions. Therefore, to ensure the accuracy and reliability of the 

results, it is crucial to optimize the experimental conditions during the operation [24, 

25]. 

In medical laboratories, in vitro diagnostic product manufacturers industries, 

regulatory agencies, and external quality assessment and capability verification 

organizations, enzyme-linked immunosorbent assay (ELISA) has become a 

ubiquitous technology [26]. ELISA is an immunological detection commonly used to 

detect the presence of the hepatitis B virus. However, while ELISA is a useful tool for 

detecting the virus, it cannot provide precise information on virus replication, 

infection, and associated risks. This method can also yield false positive and false 

negative results [27].  

Chemiluminescence immunoassay (CLIA) is a widely used technology in clinical 

medicine for detecting trace amounts of antigens and antibodies. It is a labeled 

immunoassay that combines luminescence analysis with the reaction of immune 

system[28]. CLIA is a detection technique developed behind enzyme-linked 

immunoassay, radioimmunoassay and fluorescence immunoassay. Because it has the 

advantages of simple operation, convenient marking, high stability and detection 

sensitivity, fast speed, no pollution to the environment and so on, it has been praised 

by medical examiners and doctors in clinical practice. 

Electrochemiluminescence immunoassay (ECLIA), a highly sensitive detection 

technology, which combines electrochemical luminescence with immunoassay, is 
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tested by chemiluminescence reaction [29]. Its significant stability and sensitivity 

make it ideal for detecting trace substances. However, the results obtained from 

ECLIA tests that seem suspicious should be further confirmed using additional testing 

methods. For instance, owing to the increased sensitivity of HBeAg, a considerable 

proportion (21.24%) of HBeAg and HBeAb can be detected simultaneously during 

the recognition of HBeAg and HBeAb [30, 31]. However, the classification of some 

HBeAg positive test results obtained using current domestic EIA test standards as 

"false positive" necessitates further discussion[30, 32]. Microparticle enzyme 

immunoassay (MIEA) is an immunoassay technology in which intraparticle factors 

are used to form complexes with substances to be tested. The complexes then react 

with an alkaline phosphatase conjugate compound to produce a fluorescent product. It 

offers various advantageous features, such as high sensitivity, strong specificity, good 

repeatability, and simple operation. Chemiluminescent particle immunoassay (CMIA) 

is a technique that involves two methods, namely, competitive and double antibody 

sandwich. The small solid-phase magnetic particles used in this instrument, have a 

diameter of only 1.0 μm. This small size increases the coating surface area, amount of 

adsorption of the antigen or antibody, and reaction speed and decreases the amount of 

pollution and the probability of cross-contamination [33]. In CMIA, the antigen or 

antibody is labeled with alkaline phosphatase (ALP), which undergoes luminescence 

reactions by reacting with its substrate, dioxane phosphate [34]. CMIA provides offers 

a versatile selection of serum immunoassays with high sensitivity to detect HBsAg, 

capable of reaching 0.1ng/ml, good repeatability and specificity[35, 36]. However, the 

cost of the instrument cost is high [35]. In summary, these detection technologies are 

valuable tools in clinical medicine because of their high sensitivity, specificity, and 

good repeatability [37]. Nevertheless, if the results seem to be suspicious, further 

confirmatory tests should be. 

3.Routine serum virological products of HBV and their detection methods 

A critical aspect of managing CHB infection involve monitoring the activity of HBV 

replication. Serological and histological products are typically detected during the 

diagnosis of HBV infection. Over the duration of the infection, cccDNA accumulates 
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in the nucleus, persists as a stable inclusion, and serves as a template for the 

transcription of viral genes[38]. HBV has a relatively short half-life [39, 40], but its 

persistence remains a significant challenge in eradicating HBV infection. One of the 

major challenges in HBV cccDNA research is the absence of an efficient method for 

detecting cccDNA in biopsy tissues with high sensitivity, significant specificity, and 

accurate quantification [41]. Liver biopsies, which are the most commonly used for 

detecting HBV cccDNA, are invasive and associated with risks, making them 

challenging to perform routine detection on a regular basis [42]. To address this issue, 

facilitate research on cccDNA, and detect and quantify cccDNA, numerous novel 

approaches have recently been applied, including polymerase chain reaction 

(PCR)-based methods, Invader assays, in situ hybridization, and surrogates, [43]. 

Serological detection is currently considered as an alternative, which is   

non-invasive, easy to operate, and cost-effective [44]. Finding an ideal serological 

index, therefore, that can reflect the presence of HBV cccDNA and its transcriptional 

activity is a crucial clinical requirement. In the process of gradually discovering HBV, 

HBV serum products play a crucial role in promoting the development of clinical 

medicine and have significant value in the diagnosis and treatment of HBV infection.  

Currently, common serological products that are used to diagnose the infection of the 

HBV include the following: HBsAg, HBeAg, and HBV DNA [45]. Among these, 

HBsAg is widely used product for diagnosing hepatitis B and is considered superior 

to other products in indicating clinical cure after treatment with pegylated interferon 

and nucleoside (acid) analogs [46-48]. HBsAg is an antigen that is found on the 

surface of HBV. It’s composed of small, medium, and large HB proteins. It plays a 

crucial role in initiating the infection process of HBV by facilitating the attachment of 

the virus to the host cell membrane [49]. HBsAg is the earliest serological product to 

appear in acute hepatitis B infection. It’s also commonly detected in chronic carriers 

of disease [50], indicating ongoing viral transcriptional activity and rather than acute 

infection[51]. Automatic chemiluminescent enzyme immunoassay (CLEIA) [52] , 

CLIA or standard ELISA is generally performed to detect HBsAg [53]. Chronic HBV 

infection is defined as a persistent infection lasting for more than 6 months, during 
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which detectable HBsAg can be detected using detection technologies [54]. Patients 

with low levels of HBsAg may still experience active replication of the virus and 

associated liver injury. The patients may also be capable of spreading the infection to 

others [55, 56]. As diagnostic and treatment technologies for HBV continues to 

advance, researchers are increasingly focusing on individuals who have low levels of 

HBsAg [57]. It has been shown that a combination of  HBsAg quantification and the 

expression of certain T-cell markers could be a potential predictor of HBsAg 

clearance in patients with chronic HBV infection within a period of 12 months [46]. 

Hepatitis B e antigen (HBeAg) is a soluble component of the hepatitis B core antigen. 

The presence of HBeAg indicates the risk of active replication of the HBV and 

transmitting the infection [58]. Clinical laboratories detect HBeAg using procedures 

like ELISA, ECLIA, or CLIA. Research studies focusing on these methods 

demonstrated that HBeAg quantification is a useful tool in predicting the antiviral 

efficacy of HBV reactivation. Additionally, HBeAg levels are higher in patients 

experiencing HBV reactivation compared to those with acute infection and 

HBeAg-positive chronic infection [59]. HBeAg seroconversion is a crucial goal of 

antiviral treatment for patients with CHB. When a patient undergoes HBeAg 

seroconversion, it indicates that HBV has entered the a replication stage, reducing the 

likelihood of progression to cirrhosis and liver cancer, as well as reducing the risk of 

infectivity [60]. However, several factors can influence the seroconversion of HBeAg. 

Numerous cytokines/chemokines, including IL-37, IP-10, IL-21, and CLEC18, have 

been correlated with HBeAg seroconversion in patients with CHB who are being 

treated with nucleos(t)ide analogues (NAs) [61-63]. Studies conducted on mice 

demonstrated that in liver-hosted macrophages KCs, HBeAg inhibits the transcription 

of NLRP3 and pro-interleukin (IL) 1β by reducing the phosphorylation level of 

NF-κB. Additionally, it inhibits caspase-1 activation and IL-1β maturation by 

blocking the production of reactive oxygen species [64].  

The high level of HBV DNA in a patient’s serum indicates active replication of the 

virus in the liver, which is a critical factor in the progression of liver disease. Recent 

research suggests that even persistently low levels of HBV DNA can contribute to the 
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progression of chronic hepatitis B infection [65]. HBV DNA Low-Level Viremia 

(LLV) is a term used to describe the detection of HBV DNA in a patient’s serum at 

levels ranging from 20 to 2000 IU/ML after 48 weeks of antiviral treatment [66, 67]. 

According to the guidelines of the American Association for Liver Research (AASLD) 

and the EASL, potent antiviral drugs such as propofol tenofovir (TAF), tenofovir 

(TDF), and entecavir (ETV) are recommended for the management of LLV, after 

excluding issues related to compliance and detection errors [68]. The detection of 

HBV DNA in a patient’s serum is considered the most reliable method for determine 

hepatitis B viremia, and it is the most reliable product of active viral replication [69]. 

The level of HBV DNA in a patient’s serum is closely associated with the risk of liver 

fibrosis and hepatocellular carcinoma in patients with CHB[70]. Occult HBV 

infection (OBI) is a term used to describe the presence of cccDNA in the liver and/or 

the presence of HBV DNA in the blood of individuals who have tested negative for 

HBsAg [71]. Detecting HBV DNA in the liver is the ideal method of diagnosis [72] 

and detection of anti-HBc in the blood is often used as a surrogate[69]. In occult 

infections, there may be an increased risk of progression to cirrhosis and HCC 

development despite complete loss of serum HBsAg and undetectable or very low[73]. 

Over the past decade, there have been significant advancements in the methods used 

to assess serum HBV DNA levels. These advancements have resulted in several 

sensitive tests. Currently, qPCR has become the most widely used method for 

detecting secreted HBV DNA, in addition to Nested PCR and Droplet Digital PCR 

(ddPCR) [74, 75]. 

4.Novel serum virological products of HBV and their detection methods 

In recent years, there has been a growing trend to use novel serological viral nucleic 

acid products such as serum HBV RNA, for monitoring patients infected with   

HBV. Previous studies indicated that HBV RNA in serum is pgRNA, which is 

encapsulated in HBV-like virus particles, that can be secreted extracellularly. This 

suggests that HBV may have alternative form of virion, in which the nucleic acid is 

composed of RNA rather than DNA [76]. HBV RNA has been identified as an 

indicator of intrahepatic transcriptional activity of cccDNA and is found to be 
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associated with liver histological changes in patients with chronic hepatitis B who 

have been treated with nucleoside (acid) analogs [77]. Serum HBV RNA levels have 

emerged as a useful alternative product for assessing the transcriptional activity of 

cccDNA. A case-control study involving 104 patients receiving entecavir treatment 

revealed that after adjusting for various risk factors such as age, sex, presence or 

absence of cirrhosis, and duration of antiviral treatment, the level of HBV RNA 

detected during treatment was associated with an increased risk of developing HCC 

within the next two years [78]. To date, relatively few studies have been published 

focusing on the association between HBV RNA levels and the risk of developing 

HCC. It has been reported that HBV RNA serves as a predictive product not only for 

HBsAg response during early antiviral therapy but also for the risk of HBsAg reversal 

after discontinuing the treatment. At 24 weeks, levels of HBV RNA declined more 

rapidly in patients who received HBsAg serologic conversion compared to those who 

did not [79]. Several different techniques are available for quantifying RNA levels,  

including rapid amplification RT-qPCR based on cDNA terminal (RACE), standard 

RT-qPCR, and droplet digital PCR (ddPCR) [78]. Following that, standardization of 

HBV RNA detection methods is essential. 

Hepatitis B core antigen (HBcrAg) includes several proteins, including HBV core 

antigen (HBcAg), HBeAg, and pre-core/core protein (p22cr), which has a molecular 

weight of 22 kDa. Its quantitative measurement is of great significance for guiding the 

clinical management of chronic HBV infection[49, 80, 81]. HBcrAg is emerging as a 

novel product for CHB that has been shown to correlate with current antiviral therapy 

responses to HBeAg-positive CHB and should be considered in addition to secreted 

HBV RNA when evaluating new antiviral therapies that target hepatic cccDNA 

activity directly or indirectly, with the goal of achieving functional cure [72]. The use 

of highly sensitive HBcrAg detection in patients with undetectable HBV DNA and 

HBsAg is anticipated to become a very useful prognostic factor for predicting the 

long-term prognosis of CHB[82]. It is reported that the predicted performance of 

HBcrAg may vary depending on the clinical endpoint being considered for CHB [83]. 

The clinically anticipated performance of HBcrAg is inconsistent, and there is a poor 
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correlation between HBsAg loss and antiviral treatment [84]. Therefore, the 

interpretation of the HBcrAg results should be made carefully in clinical practice [81, 

85]. CLEIA is a method primarily used for the detection of HBcrAg in patient’s serum 

[78]. 

5.Summary and prospect 

Over the past decade, there has been significant progress in the assessment of 

non-invasive liver disease in patients with CHB infection [86]. Although existing 

antiviral drugs to treat hepatitis B can effectively control the progression of the 

disease, they cannot always completely eliminate the virus or achieve a functional 

cure [87], which is characterized as follows: negative HBsAg, undetectable HBV 

DNA, normal liver biochemical indicators, and improved liver tissue pathology [4, 

88]. However, cccDNA may still exist in the nucleus of the liver of patients, 

increasing their likelihood of HBV reactivation and hepatocellular carcinoma [89, 90]. 

It is anticipated that novel HBV products, including HBV RNA and HBcrAg, that 

have emerged will help in predicting treatment response to new therapies [91]. 

However, the sensitivity and standardization of these products should be further 

optimized, and they may not necessarily be better than HBsAg at predicting treatment 

outcomes. To prevent affecting the impact of detection, it is crucial to select different 

detection methods and commercial kits for viral detection. Their effects may change 

with the introduction of new therapeutic drugs, and the progress in technology and 

ultra-sensitive detection may redefine the meaning of "functional cure" or even 

"partial functional cure"[72, 78]. Overall, the development of new HBV products has 

the potential to improve the evaluation of antiviral efficacy and prediction of relapse 

risk after drug withdrawal, thereby aiding clinicians to better treat patients with CHB. 

There is a requirement for continuous improvement in detection sensitivity to prevent 

and treat hepatitis B effectively. Currently, the ELISA method is mostly in the 

detection of HBsAg; however, its operation is complex and susceptible to human error, 

which can lead to the possibility of missing the detection of low levels of HBsAg [92]. 

The MEIA method has high sensitivity and good repeatability, making it a safe and 

closed operation with a low risk of contamination. However, it is relatively expensive 
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compared to other methods of detection. As a result, CMIA methods are likely to 

replace MEIA methods, particularly in large environments, due to their sensitivity, 

speed, reliability, and capacity to combine immunology and biochemical tests. ECLIA 

method has ideal clinical application value. It has the advantages of high detection 

rate, high sensitivity, strong specificity and wide detection range. The reagent has the 

potential to remain stable for a long time without toxicity or contamination. CLIA is a 

non-radioactive immunoassay method developed rapidly in the past 30 years. It is an 

ultra-sensitive microassay technology developed after EIA, RIA, etc. With high 

sensitivity of chemiluminescence and good specificity of immunoassay, it has 

attracted wide attention in recent years. CLIA is widely used in clinical diagnosis and 

biochemistry, for the determination of tumor markers, cytokines, hormones, etc[93]. 

Currently imported chemiluminescence system is still the mainstream detection 

method, such as Abbott, Siemens, Roche, Beckman and other brands.  

Research into new antiviral drugs with novel targets of action is ongoingly driven by 

an improved understanding of the replication cycle of the HBV. However, the 

existence of cccDNA and integrated DNA, as well as the complex regulation of 

HBV-specific immunity, poses major challenges for this study [67, 88]. To address 

these challenges, new detection methods have been developed, such as the 

quantification of HBsAg, HBcrAg, HBV RNA, and other products, as substitute 

indicators of liver cccDNA. These methods can aid in the confirmation of the targets 

of new drugs and the prediction of the serological conversion of HBsAg. With the 

development of new and more sensitive detection methods for quantifying HBV 

products, it is anticipated that these methods will become increasingly useful in 

guiding clinical treatment and improving outcomes for patients with HBV infection. 

The combination of new products with traditional products and clinical parameters 

can improve the specificity and sensitivity of the detection[72]. 
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