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Abstract 

Since 2014, Oslo University Hospital Ullevål has used quantitative hepatitis B surface 

antigen (qHBsAg) as a marker for chronic hepatitis B-virus (HBV) infection, but the clinical 

relevance has been unclear. The aim of this study was to prove that quantification of HBsAg 

is a good diagnostic tool for detecting chronic carriers of the hepatitis B-virus. This quality 

assurance study showed a moderately significant correlation between qHBsAg and viremia 

(p-HBV-DNA) and a significant but weak correlation with liver damage (s-ALT). The 

relevance of qHBsAg is still to be decided. 
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1. Background 

Chronic hepatitis B is one of the worlds’ biggest epidemics with approximately 800 000 

deaths every year.(1) It is thought that approximately 2 billion people worldwide have been 

infected and that 350 000 000 people are chronic carriers of the hepatitis B-virus, making it 

one of the most common chronic infections in the world.(2) The infection is most common in 

areas of South-East Asia, the Middle East, the tropics of Africa, South America and Eastern 

Europe (Fig. 1).(1) Hepatitis B and C are the causes of 78% of all hepatocellular carcinomas, 

which is one of ten of the most common forms of cancer in the world.(3) 

 

Figure 1: Worldwide frequency of chronic hepatitis B virus infection.(4) 

In Norway, people with chronic hepatitis B are most often immigrants from endemic 

countries who have been infected as children. People of Norwegian descent are mainly 

infected through sexual intercourse or contaminated intravenous injections.(5) Approximately 

700 people are tested positive every year as chronic hepatitis B-carriers (Table 1). Chronic 

hepatitis B is nominatively notifiable to MSIS (the Norwegian report system of contagious 

diseases).(6) 

                      2010        2011         2012        2013        2014         2015        2016        2017 

Norway 54 34 23 36 30 21 25 22 

Abroad 678 670 630 663 640 773 715 415 

Unknown 4 1 5 11 3 1 0 0 

Total 736 705 658 710 673 795 740 437 

Table 1: Chronic hepatitis B carriership reported to MSIS 2010-2017 sorted by year of 

diagnosis and country of birth. Adapted from FHI’s webpage about Hepatitis B.(3) 
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As a major public health priority, vaccines have been developed to safely and effectively 

prevent hepatitis B, thus reducing the HBV-related morbidity and mortality. However, this 

vaccine is not available in all parts of the world, especially not in low-income countries. 

According to WHO recommendations it is beneficial to vaccinate all neonates within 24 

hours after birth. This vaccine was implemented in the childhood vaccination program in 

Norway for children born after November 1st 2016.(1) The vaccine has greatly reduced the 

risk of transmission worldwide. 

The hepatitis B-virus is found in blood, semen and other body fluids and transmitted through 

sexual contact, blood transfusions, organ transplantations, percutaneous inoculation, and 

vertically from mother to child at delivery.(7) The virus has an incubation time of 45-180 

days, usually 60-90 days. About 3-5 % of persons infected as adults become chronic carriers. 

Antenatal, perinatal and neonatal infection almost always result in chronic carriership.(3)  

HBV infection is diagnosed and monitored using a set of diagnostic parameters measured in 

serum or plasma, as described in table 2. 

HBsAg Hepatitis B surface antigen 

A protein on the surface of the virus and 

on small, non-infectious particles that are 

not complete viral particles. 

Anti-HBs Hepatitis B surface antibodies 
Immunoglobulins produced by the 

immune system targeting HBsAg. 

HBeAg Hepatitis B envelope antigen 

A secretory viral protein found below the 

lipid envelope of the HBV particle. The 

protein is often detected in association 

with high replication of virus. 

Anti-HBe Hepatitis B envelope antibodies 

Immunoglobulins produced by the 

immune system targeting HbeAg. 

Indicates lower level of viral replication. 

HBcAg Hepatitis B core antigen 
A viral protein in the nucleocapsid of the 

HBV particle. 

Anti-HBc Hepatitis B core antibodies 

Immunoglobulins targeting HBcAg. 

Indicates exposure of HBV to the immune 

system. 
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HBV 

DNA PCR 
Hepatitis B virus viral load 

HBV genome is present in all HBV viral 

particles. Quantitative PCR is used for 

measuring the amount of HBV DNA in 

plasma 

 Table 2: Systematic overview of diagnostic parameters for diagnostics and monitoring of 

hepatitis B-virus infection. Information adapted from w.w.w.hepatitiscentral.com.(8) 

The natural course of the chronic hepatitis B infection can be divided into four phases, the 

immune tolerance phase, immune response phase, immune clearance phase and immune 

control phase. All patients do not necessarily go through all four phases. During the immune 

tolerance phase there is a presence of HBeAg, HBV-DNA levels are elevated, and ALT 

levels are kept at a minimum. When the immune response starts to eliminate infected 

hepatocytes and the immune tolerance is lost we see a progressively decreasing HBV-DNA, 

representing the immune clearance phase. From there the disease can enter an inactive carrier 

state, or the immune control phase, which is characterised by negative HBeAg and positive 

anti-HBe, decreased levels of HBV-DNA and normal ALT. The fourth phase is called the 

immune escape or reactivation phase which is an immune reactivation phase that displays 

negative HBeAg and positive anti-HBe with a reactivation of HBV-DNA and high ALT (Fig. 

2).(9) 
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Figure 2: Graphical description of the natural course of chronic hepatitis B-virus 

infection.(10) 

It is foremost the immune clearance phase and the reactivation phases that contributes to 

active inflammation in the liver and progression towards fibrosis, cirrhosis and carcinoma 

(Fig. 2). 

Table 3: Summary of diagnostic markers and the status at HBV-infection. 

Chronic carriers of the hepatitis B-virus should be followed up closely to check their viral 

status. To do so we have a pool of markers that can address the stage of the disease and the 

risk of transmission (Table 2). HBsAg is a surface antigen that shows elevated values at 

ongoing virus replication and is present in all chronic carriers. HBsAg detected over 6 

months defines a chronic hepatitis B-virus infection.(5) Anti-HBcore IgG is detectable soon 

after the infection and is often maintained throughout life. Anti-HBs is analyzed to prove a 

resolved infection or immunity after vaccination. HBeAg is a marker for high viral 

replication and therefor high risk of transmission, whereas a high anti-HBe is a marker of low 

viral replication and low risk of transmission. HBV-DNA is a test that quantifies the level of 

viremia.(11) “Core alone positive” patients have a detectable level of anti-HBcore in the 

serum but no HBsAg or anti-HBs. Core alone positive patients have generally a low risk of 

transmission and prognosis comparable to persons with resolved infection.(Table 3)(3)  

Untreated, 20-30% of chronic hepatitis B patients will develop cirrhosis and hepatocellular 

carcinomas.(5) Although hepatic manifestations are the most common complications of the 

                                                         HBsAg      Anti-HBs    HBeAg     Anti-HBe   HBV-DNA 

No infection - - - - - 

Immunity after vaccination - + - - - 

Acute infection + - + - High 

Chronic infection (HBeAg-pos) + - + - High 

Chronic infection (HBeAg-neg) + - - + Low/high 

Resolved infection - + - -/+ - 

“Core-alone” - - - -/+ Very low 
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infection, extrahepatic manifestations are seen as well. These include skin rashes, arthralgia, 

arthritis, glomerulonephritis etc. (12) 

The main aim for the treatment of HBV-infection is to lower the virus concentration in serum 

to reduce the risk of cirrhosis, decompensation/liver failure, hepatocellular carcinomas and 

death. This often involves lifelong treatment with immune modulating medications and 

antiviral substances. HBV-DNA and ALT have been the main parameters that indicate the 

need of treatment in patients with a chronic hepatitis B infection. The two options for current 

medical treatment are nucleoside analogues (NAs) such as tenofovir disoproxil fumarate or 

entecavir, and pegylated interferon (PEG INF). Pegylated interferon have multiple points of 

action through which they inhibit viral activity among other inducing immune modulating 

cytokines. The guanosine analogue, entecavir, potently attacks HBV by inhibiting DNA 

polymerases. The newest treatment, tenofovir, inhibits viral reverse transcriptase and thereby 

prevents viral replication.(13) 

Both treatments have demonstrated efficiency in inhibiting progression to cirrhosis, 

decompensation, HCC and death.(14) 

2. Introduction 

Chronic hepatitis B-virus (HBV) -infection is an infectious disease that counts for one of the 

biggest health issues globally with more than 350 million chronically infected people around 

the world and is the cause of roughly 800 000 deaths each year. The disease is defined as the 

presence of hepatitis B surface antigen (HBsAg) for more than six months. An assay for 

quantification of HBsAg in serum (s-qHBsAg), was introduced as a diagnostic tool at the 

Department of Microbiology at Oslo University Hospital (OUH) in 2014, and it was initially 

suggested as a prognostic marker to help predict treatment response. However, it is no yet 

established to what extent the level of s-HBsAg correlates with the level of viremia (def.: p-

HBV DNA) and liver damage (def.: s-ALT), which are the two major parameters that defines 

indication for anti-HBV medication. This quality assurance study aims to explore the possible 

association between s-qHBsAg and corresponding levels of p-HBV DNA and s-ALT, by 

studying all s-qHBsAg-data collected at OUH between 2014 and 2016. The main goal is to 

elucidate the relevance for HBsAg-quantification in clinical practice.  
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3. Materials and method 

3.1.Study design 

In this retrospective cross-sectional study, we identified a population of 492 patients aged 14-

81 years and of which 211 are women and 281 are men. The study included all patients 

diagnosed with chronic hepatitis b tested for qHBsAg, p-HBV-DNA and s-ALT between 

19.09.2014-24.01.2017. Lab results for qHBsAg and p-HBV-DNA were collected from the 

lab data system for the Department of Microbiology at OUS, Ullevål, while s-ALT results 

and the patients’ current treatment status were retrieved from the OUS’ electronic patient 

record, DIPS.  

To be eligible for inclusion, patients had to have been tested for qHBsAg, p-HBV-DNA and 

s-ALT within 2 months and the variables had to have numeric values. Variables listed as 

“positive”, “negative” or “see comment” were excluded. Values listed with decimals were 

rounded up or down to the nearest singular. p-HBV-DNA-values of <20 and >170000000 

were recorded as respectively 20 and 170000000, and qHBsAg-values >120000 were 

recorded as 120000. qHBsAg-values listed as >250 were excluded from the study. After 

exclusion, we had 489 patients left of whom 474 had valid s-qHBsAg-values, 482 had valid 

p-HBV DNA-values and 483 had valid s-ALT-values.  

HBV DNA PCR was performed using the COBAS® AMpliPrep/COBAS® TaqMan® HBV 

Test, v2.0 (Roche), and HBsAg was quantified using the Architect platform (Abbott 

Laboratories).  

Patients were divided into two groups according to their treatment status at the time of 

sampling: “Treated” (patients receiving a nucleoside analogue or pegylated interferon) and 

“Untreated” (patients without treatment for HBV-infection). 

3.2.Ethical considerations 

This study was approved by the Data Protection Officer (Personvernombudet) at OUS, 

Ullevål with case number 2016/19731. Waiver of Regional Ethics Committee (REC) 

approval and informed consent was confirmed by correspondence with REC. 

3.3.Data analysis 

All the data were gathered in an Excel file and transferred into IBM SPSS Statistics. 
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Scatterplots were generated comparing qHBsAg with p-HBV-DNA and s-ALT for all 

patients, as well as the two subgroups “treated” and “untreated”. Data were reported as 

medians, subgroups were compared for all variables, and boxplots were generated comparing 

the “treated” and “untreated” groups. Mann-Whitney U-test was used for comparison of 

independent groups. To check for correlation, we used a 2-tailed Spearman bivariate 

correlation test on the same groups. P value <0.05 was defined as statistically significant. 

All variables were logarithmically transformed before analysis.  

4. Results 

474 samples of s-qHBsAg were included in the analyses whereof 414 were untreated and 60 

were treated. S-qHBsAg had a median of 2100 IU/mL (210-8475 IU/mL). 482 samples of p-

HBV DNA were included whereof 422 were untreated and 60 were treated. P-HBV DNA had 

a median of 550 IU/mL (29-4125 IU/mL). 483 samples of s-ALT were included whereof 423 

were untreated and 60 were treated. S-ALT had a median of 28 IU/L (20-42 IU/L). 

Of the 60 treated patients, 58 got nucleotide analogues (NA) and only 2 got pegylated 

interferon (PEG IFN) 

Levels of p-HBV DNA were lower in the treated group (median 20 IU/mL (0-73 IU/mL) 

compared with the untreated group (median 695 IU/mL (83-4600 IU/mL)) (p<0,001 in Mann 

Whitney U-test). On the other hand, levels of s-qHBsAg were slightly higher in the treated 

group (median 3200 IU/mL (705-15500 IU/mL)) compared with the untreated group (median 

1900 IU/mL (178-7675 IU/mL)) (p=0,012 in Mann Whitney U-test). No significant 

differences in levels of s-ALT were detected between the subgroups (median 29 IU/L (20-45 

IU/L) for treated, median 26 IU/L (20-42 IU/L) for untreated) (p=0,795 in Mann Whitney U 

test).(Fig. 3)  
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Untreated      Treated 

 

 

 

Figure 3: Boxplots comparing treated and untreated values of qHBsAg, HBV-DNA and ALT. 
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When comparing s-qHBsAg and p-HBV DNA in all patient samples, the Spearman 

correlation test showed a correlation coefficient of 0,37 (p= 0,01)(Fig. 4a). The untreated 

group had a correlation coefficient of 0,45 (p=0,01)(Fig. 4b), while the untreated group had a 

correlation coefficient of 0,28 (p=0,05)(Fig. 4c). 

Figure 4a

Figure 4b

Figure 4c 

Figure 4a-c: Scatterplots of total(a), untreated(b) and treated(c) qHBsAg and HBV-DNA. 
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When comparing s-qHBsAg and s-ALT in all patient samples, the Spearman correlation test 

showed a correlation coefficient of 0,16 (p=0,01)(Fig. 5a). The untreated group had a 

correlation coefficient of 0,14 (p= 0,01)(Fig. 5b), while the treated group had a correlation 

coefficient of 0,32 (p= 0,05)(Fig. 5c). 

Figure 5a

Figure 5b

Figure 5c 

Figure 5a-c: Scatterplots of total(a), untreated(b) and treated(c) qHBsAg and ALT. 
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5. Discussion 

The purpose of this study was to review the relevance of quantitative HBsAg as a marker of 

chronic hepatitis b infection in a clinical practice by correlating values with the 

corresponding levels of viremia (p-HBV DNA) and liver damage (s-ALT). 

We detected a moderate positive linear relationship between qHBsAg and viremia (p-HBV-

DNA) and a weak positive linear relationship between qHBsAg and liver damage (s-ALT).  

To rule out any treatment bias we had to take management plans into account. 58 of the 

patients were on nucleoside analogues (Tenofovir or Baraclude) while only 2 were on 

pegylated interferon. The type of treatment was therefore not taken into consideration. 

Studies have shown that HBV-treatment affects p-HBV-DNA to a greater extent than 

qHBsAg, which is in accordance with our findings.(15, 16) 

As expected, the subgroup on HBV-treatment had lower p-HBV-DNA compared with the 

untreated patients. There was no difference between the groups in levels of s-ALT. 

Surprisingly, s-qHBsAg-levels were significantly higher in treated patients. It is previously 

described that during treatment with NA, the decline in HBsAg levels is very slow compared 

to the more rapid decline of plasma HBV DNA (Cornberg 2016). This may suggest that 

quantifying HBsAg in treated patients may be of little value in following up patients on 

treatment for chronic HBV-infection. A contributing factor to this result may be that this 

study included 60 treated patients of whom only 2 were on PEG IFN treatment. Cornberg et 

al concluded in an article from 2017 that “immune modulation by IFN leads to a more drastic 

decline in HBsAg production and secretion”.(17) To conclude that testing of s-qHBsAg is of 

limited value in a clinical practice, we need to address in what extent the type of treatment 

plays a role in the production and secretion of HBsAg. To do this, we need a larger 

population of patients on IFN, which can be challenging.  

Since this is a test that has been used at OUH, Ullevål since 2014, it is of great interest to 

evaluate the clinical use of the test, to determine how it is best applied in clinical practice at 

the hospital. As the first Norwegian study on this issue it provides useful information that 

quantitative HBsAg is a good marker for chronic hepatitis B-virus infection. Several other 

foreign studies show similar correlations. Some showed a stronger correlation(18, 19) while 

others showed a slightly weaker.(20) 
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This study has a large quality sample size, including all patients tested for qHBsAg since the 

test was introduced at OUS, Ullevål, limiting the influence of extreme values, and showing a 

more representative picture of the population. 

Limitations that must be considered when studying this paper should be used for further 

research on the subject. First, the fact that values listed as p-HBV-DNA <20 or >170000000 

and qHBsAg <250 or >120000 may affect the results since we can’t fully estimate how high 

or low these numbers really are. Second, this study does not take the different stages of 

disease into consideration. The correlation may vary depending on if the disease is in the 

immune tolerant phase, immune clearance phase, immune control phase or immune escape 

phase. An Indian study from 2016 showed strong correlation in the immune tolerance and 

immune clearance phases, while the immune control and escape phases showed respectively 

moderate and weak correlations. (18) Lastly, different genotypes of the hepatitis B-virus were 

not considered.  

To distinguish between correlation in different phases, splitting the disease into the immune 

tolerant, clearance, control and escape phases, can be favourable in a future study. The same 

can be done regarding genotypes. Having more Norwegian data in the future will aid in 

undertaking more complex studies and including these variables.  

6. Conclusion 

This study supports that quantitative HBsAg is a good diagnostic marker for chronic hepatitis 

B-virus infection and is beneficial for use in a clinical setting. It is therefore convenient and 

appropriate to continue using this test as the primary hallmark for the disease at OUH, 

Ullevål. However, quantitative HBsAg may not be a valuable marker for the response to 

HBV-treatment. 
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