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New insights into hepatitis B and C serology
Hepatitis B and C show high prevalence in many countries, which necessitates screening and diagnosis on a 
large scale to provide preventive and therapeutic measures. Both diseases are associated with potentially 
 serious long-term complications. Considering in particular the setting of blood transfusion, reliable methods 
are necessary for diagnosis of hepatitis B and C that takes into account the requirements and resources of 
 different countries. A wide range of kits is available for screening of blood and blood products. At a Diasorin 
scientific Workshop that was held during the 34th International Congress of the International society of Blood 
Transfusion (IsBT) on 5th september, 2016, in Dubai, united Arab emirates, experts discussed the clinical 
 implications of these infections, as well as their epidemiology and new insights in the field of diagnostics. 

Two viruses with potentially detrimental 
 effects

The hepatitis B virus (HBV) is a DNA virus that is carried in 
blood and body fluids, but also survives well outside the 
body. Symptoms of infection include fatigue, loss of appe-
tite, nausea, pain, vomiting, and jaundice. “Spontaneous 
clearance of the virus occurs in 80 % of cases,” explained 
 Mohamed Abdel-Hamid, MD, PhD, Minia university, Egypt, 
Director of the Viral Hepatitis research Laboratory, Nation-
al Hepatology and Tropical Medicine research Institute in 
 Cairo, Egypt. An effective hepatitis B vaccine has been 
 developed, but this does not apply to treatment. “The 
 available drugs just slow down the replication, but do not 
eradicate the  virus,” Dr. Abdel-Hamid said. 

Conversely, the hepatitis C virus (HCV) is an rNA virus, and 
it shows spontaneous clearance in only 20 % of cases. Effec-
tive treatment in the form of direct-acting antivirals has been 
established, while a vaccination is still missing. Acute hep-
atitis C occurs during the first 6 months after infection, with 
clinical illness starting 2 to 26 weeks after exposure (on aver-
age, 8 weeks). “However, two thirds of patients are anicteric 
and asymptomatic, and if symptoms occur, they are usually 
mild,” Dr. Abdel-Hamid pointed out. Fever is uncommon. 
Moderate hepatomegaly is found in one third of patients, 
and elevations of alanine aminotransferase (ALT) are only 
minor to moderate. Therefore, HCV infection frequently goes 
unnoticed, with patients being unaware of their disease. 
Chronic hepatitis C develops in 70 % to 80 % of cases follow-
ing the acute phase. “The emergence of chronicity is in-
dependent of the mode of acquisition,” Dr. Abdel-Hamid 
noted. “Symptoms or histological findings are not predic-
tive for this outcome.” 

Both hepatitis subtypes can lead to liver cirrhosis and can-
cer. As Dr. Abdel-Hamid indicated, HBV is the more aggres-
sive variant, as it can give rise to cancer even without liver 
cirrhosis and within a relatively short time span of 10 years. 
Hepatitis C patients, on the other hand, will not develop can-
cer as long as they do not show liver cirrhosis. Also, compli-
cations only set in after a time window of 20 to 30 years. 

Epidemiology and transmission of HCV in Egypt 

Hepatitis C is a common blood-borne infection and consti-
tutes a major healthcare problem in many countries. This is 
particularly true for Egypt, which has a particular history in 
this respect. Due to widespread schistosomiasis in Egyptian 
farmers, the government ran a campaign that promoted treat-
ment with tartar emetic, between 1960 and 1980. “Tartar 
emetic is administered by way of 12 intravenous injections,” 
Dr. Abdel-Hamid explained. “As glass syringes were used at 
this time and needles were sometimes not changed between 
shots, the majority of more than 5 million treated farmers 
contracted HCV infection during this time.” 

Accordingly, the disease is more common within the rural 
area alongside the river Nile, and in the delta region (Lower 
Egypt). In cities and in upper Egypt, which defines the south-
ern part of the country, the prevalence is lower. As Dr. Abdel- 
Hamid pointed out, the main mode of infection in high/  
mo derate endemicity countries like Egypt is nosocomial 
transmission, while in low endemicity countries, it is intra-
venous drug use. 

Decrease in overall prevalence over time 

Demographic health surveys were carried out in Egypt in 
1996, 2008, and 2015, to determine the prevalence and risk 
factors of hepatitis C. “In both 1996 and 2008, the overall 
prevalence was 14 %, and it rose with increasing age,” Dr. 
Abdel-Hamid reported. “These are the people who received 
tartar emetic between 1960 and 1980, as most of them are 
farmers and males.” Among those over 20 years of age, a 
range of risk factors was significantly associated with sero-
positivity (Table 1). Overall, prevalence rates were 24.3 % for 
Lower Egypt, and 8.7 % for upper Egypt. Vertical transmis-
sion from the mother to the child was estimated to occur in 
2.6 %, and spouse-to-spouse transmission in 6 %. “Here, we 
cannot tell if infection is due to sexual intercourse or house-
hold transmission,” Dr. Abdel-Hamid said. “This cannot even 
be clarified by use of molecular assessment.” 
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The latest survey that was performed in 2015 revealed a 
tremendous decrease in prevalence [1]. “HCV antibodies were 
found in only 6 %, and HCV rNA in 4 %.” Women were still 
less frequently affected than men. This decrease has three 
reasons. “Above all, awareness about HCV has increased enor-
mously,” Dr. Abdel-Hamid explained. Secondly, infection con-
trol measures have been implemented in hospitals, and third-
ly, mass treatment has been promoted through an interna-
tional program. However, this survey did not include people 
above the age of 59, as Dr. Abdel-Hamid conceded. “If this 
were the case, the prevalence would be higher.” 

It appears that spontaneous clearance rates of HCV are 
higher in Egypt than in other countries, at 35 % to 40 %. “This 
might depend on the mode of transmission or the repeat-
ed exposure due to the large reservoir of the virus.”

Serological and virological testing

As HCV infection becomes chronic, the HCV rNA levels 
 remain elevated. In patients in whom the infection resolves, 
the HCV rNA levels decrease within the first 6 months. The 
ALT levels reach a peak after 10 to 20 weeks in either case. 
“After seroconversion, sero-reversion occurs in many 
 patients,” Dr. Abdel-Hamid said. This phenomenon is 
 characterized by the disappearance of HCV antibodies.  

A number of assays are available for HCV detection and 
assessment of HCV status. These can be broadly categorized 
as serological or virological tests. Serological assays work by 
way of HCV antibody or HCV antigen detection. In the cat-
egory of antibody detection tests, a rapid test is available, 
while enzyme immunoassays (EIA) are used for screening, 
and recombinant immunoblot assays (rIBA) serve as con-
firmatory tests. Virological assays determine viremia as 
 assessed by the presence of HCV rNA (qualitative and quan-
titative PCr, real-time PCr, transcription-mediated ampli-
fication), and they allow for genotyping. To date, there are 
seven recognized genotypes of HCV. 

The virological assays indicate the ongoing presence of 
the virus. They are useful for the retesting of patients with 
false-negative antibody tests, who are suspected of having 
HCV, and to determine whether patients are viremic before 
considering them for therapy. Furthermore, they enable the 

laboratory to find out whether an HCV infection has resolved 
in a patient on HCV treatment. “This cannot be achieved 
through antibodies”, Dr. Abdel-Hamid noted. Certain regions 
in the HCV genome are used for the design of probes and/
or primers. 

Diagnosis of HCV

As Dr. Abdel-Hamid pointed out, HCV infection is one of 
the most difficult diseases with regard to diagnosis of acute 
 infection,  because the production of IgM antibodies fails to 
follow the usual pattern. IgM can be completely absent. “If 
it is there, it might appear after IgG, or both can continue 
for life.” Thus, the diagnosis depends on the combinations 
detailed in  Table 2. For the reasons detailed above, IgM can-
not be used for this purpose.

Important information for blood banks is that blood bags 
that test negative for anti-HCV antibodies might carry HCV 
rNA. This can be the case in the settings of acute HCV infec-
tion, co-infection with HIV, immuno-compromised patients, 
patients under treatment with corticosteroids, transient 
viremia (needle-stick injury), and occult HCV infection. 
 “Occult HCV infection is defined as the presence of HCV rNA 
in the liver and/or peripheral blood monocytes of patients 
whose sera test negative for HCV rNA, with or without the 
presence of HCV antibodies,” Dr. Abdel-Hamid explained. 
Infection is possible here in spite of screening and nucleic 
acid testing (NAT). NAT is designed to fill the diagnostic gap 
in the ‘window’ of acute infection. “This period arises  because 
antibody formation might not occur until 20 to 80 days  after 
the viral genes have begun to spread through the body,” Dr. 
Abdel-Hamid said.

A study conducted in Egypt revealed that more than 90 % 
of cases fall into the category of HCV genotype 4, with the most 
prevalent subtype (65 %) of ‘a’. Genotype 1g ranks second. 

Egyptian experience: evaluation of HCV kits

Dr. Abdel-Hamid presented the results of a comparison of 
two different DiaSorin HCV CLIA test kits. The new version 
of LIAISON® XL murex HCV Ab II was tested against the old 
version, using a collection of 750 samples with known  results. 
“In total, 553 were positive, and 197 were negative.” Twen-
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+ Age (p < 0.001)

+ Male gender (odds ratio [Or], 2.5, 95 % CI, 1.3 – 4.7)

+ Marriage (Or, 4.1, 2.4 – 6.9)

+ Anti-schistosomiasis treatment (Or, 2.0, 1.3 – 2.9). 

+ Blood transfusion (Or, 1.8, 1.1-2.9)

+  Invasive medical procedure (surgery, catheterization, 
 endoscopy, and/or dialysis) (Or, 1.5, 1.1 – 1.9) 

+  receipt of injections from ‘informal’ health-care provider  
(Or, 1.3, 1.0 – 1.6)

+ Cesarean section or abortion (Or, 1.4, 1.0 – 1.9)

Table 1: risk factors significantly associated with HCV infection in 
 Egyptian poeple over 20 years of age

–  HCV antibody IgG negative

–  HCV reverse-transcription(rT)-PCr positive

–  Seroconversion after 2-6 months

Or

–  HCV antibody IgG positive

–  HCV rT-PCr positive

–  risk factor exposure in the last 2 months and no other detec-
table viral markers

Table 2: Laboratory combinations indicative of acute hepatitis C



ty samples came from acute cases, 414 from chronic cases, 
and 123 from blood donors. The total included a control 
group of 193 cases where the patients had been diagnosed 
accidentally. Genotype 4 was present in all of the 337 sam-
ples that have been tested for HCV genotyping. The sam-
ples were tested using a variety of analyzers (ArCHITECT®, 
 AxSyM®, BEPIII®, Cobas® E411, EIA). 

“We found that with the old version LIAISON® XL murex 
HCV Ab, one case was false positive, while all positive sam-
ples have been correctly detected by both assay versions,” 
Dr. Abdel-Hamid reported (Table 3). This translates into a 
specificity of 99.5 % and a sensitivity of 100 %. “With the new 
assay, the findings exactly matched the known results.” Con-
sequently, the LIAISON® XL murex HCV Ab II shows a sen-
sitivity and specificity of 100 %. 

Hepatitis B: epidemiology in Egypt

In the past two decades, Egypt counted among the coun-
tries with an intermediate pre valence of chronic HBV in-
fection (2 % to 7 %). A survey  conducted in the Egyptian pop-
ulation in 2015 showed 10 % prevalence of the hepatitis B 
core antibody (HBcAb) and 1 % prevalence of the hepatitis 
B surface antibody (HBsAb) [1]. Men were  affected slightly 
more often than women.

In children aged 1 to 14 years, the respective propor-
tions were 0.7 % and 0.1 %. “However, this should be zero, 
because an obligatory vaccination program was introduced 
in Egypt in 1992,” Dr. Abdel-Hamid observed. “These chil-
dren were either not immunized, or the immunization was 
not active.” People aged 15 to 59 years still showed rela-
tively high prevalence of HBcAb (16 %), which indicates 
that they had been exposed to the virus at least once in 
their lives. 

Markers and antibodies of HBV infection

HBV markers include the surface antigen (HBsAg), the 
 envelope antigen (HBeAg), and HBV DNA. While HBsAg is 
the first marker to appear and indicates the presence of the 
 viral DNA in the body, both HBeAg and HBV DNA are asso-
ciated with viral particle replication. HBV DNA is the most 
reliable marker of a circulating infectious virus. 

Also, three essential HBV antibodies have been identified. 
The anti-HBc IgM antibody is the first antibody to emerge 
after infection. “HBc IgG lasts for life, but does not convey 
immunity,” Dr. Abdel-Hamid noted. The anti-HBs antibody, 
in contrast, indicates immunity. It is the only marker that is 
positive after vaccination. The anti-HBe antibody appears 
with the loss of the infectious virus, but it is not a reliable 
marker of clearance, as many HBV variants have mutations 
that lead to the stop of the production of the HBeAg and 
hence its antibodies. Typically, the levels of HBV DNA stay 
 elevated in the course of chronic infection, whereas ALT 
 levels show a peak between months 2 and 5 (Figure 1). HBsAg 
and HBeAg can be detected in the serum after 1 month. 

HBe antigen negativity due to mutations

Mutations occurring in the precore or core promoter regions 
stop the virus from producing or releasing HBe antigen. How-
ever, the mutated virus can live and replicate without this 
antigen. “This is important in the Middle East, because the 
genotype D of HBV that is prevalent here is very often 
HBe-negative,” Dr. Abdel-Hamid said. The most common 
mutation, which is a G-to-A substitution at nucleotide 1896 
in the precore region, results in a stop codon that prevents 
HBeAg production. A core promoter mutant that involves 
two nucleotide substitutions (A1762T, G1764A) leads to 
down-regulation of HBeAg production. As Dr. Abdel-Hamid 
said, HBeAg testing should therefore be replaced by DNA 
testing. 

Another mutation is the yMDD mutation that occurs in 
the tyrosine-methionine-aspartate-aspartate portion of the 
HBV P gene. The most important, however, is the surface 
antigen mutant, due to which there is no detectable HBsAg 
in the serum. Surface mutants appear to account for a 
 minority of ‘occult’ HBV infections, but the existence and 
clinical significance of occult HBV infections with surface 
mutants remains controversial. “The definition of occult 
HBV infection, which is predominantly found in endemic 
areas, differs from the definition of occult HCV,” Dr. 
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Total 
positive

Total 
negative

Total

Registered results 553 197 750

LIAISON® XL murex 
HCV Ab

554 196 750

LIAISON® XL murex 
HCV Ab II

553 197 750

Table 3: Test results obtained with LIAISON® XL murex 
HCV Ab versus LIAISON® XL murex HCV Ab II

Fig. 1: Appearance of antigens and HBV DNA in the sera of patients with chronic hepatitis B
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 Abdel-Hamid noted. Occult HBV infection is characterized 
by a very low viral load (< 1,000 copies/mL), and detection 
requires very sensitive methods, such as real-time PCr and 
transcription-mediated amplification. In the absence of the 
‘e’ antibody, primer selection relies on the core, surface and 
X gene. However, occult HBV infection shows only low 
 infectivity and transmission rates, for which reason its 
 clinical impact is small. 

Molecular diagnosis of HBV

HBV DNA assays are used for diagnosis of acute HBV infec-
tion, to distinguish replicative from non-replicative chronic 
HBV infection, and to monitor patient response to antiviral 
therapy. In the diagnostic setting, copy numbers of < 104-5/mL 
indicate an inactive carrier state. If copy numbers exceed 
105/mL, the patient has active disease. This information is 
clinically relevant, because active HBV replication suggests 
a higher risk of progression to the complications of chronic 
HBV, such as liver cirrhosis and hepatocellular carcinoma. As 
HBV DNA appears 3 weeks before HBsAg, HBV DNA detec-
tion can be used in the screening of blood donations. DNA 
is also present in patients with HBsAg mutants and in 
 anti-HBc-positive patients. 

HBV genotypes show considerable geographic variability 
(Table 4). “In Egypt, most of the affected patients have geno-
type D,” Dr. Abdel-Hamid stated. “D is more serious than A, 
and C involves more complications than B.” However, the clin-
ical utility of this information is controversial. 

In Egypt, HBV vaccination is now being routinely per-
formed in infants, while people aged 18 and older are still 
at risk. Vaccination is usually offered in the context of occu-
pational risk (health-care workers), hemodialysis, sexually 
transmitted diseases, prison, and chronic HCV infection. 
Pre-vaccination testing depends on cost effectiveness. 
“Post-vaccination testing is performed 1 to 2 months after 
the last shot, if establishing a response is critical, as with 
health-care workers”, Dr. Abdel-Hamid said. HBsAb titers 
should exceed 100 Iu after 3 doses. “If not, the three injec-
tions need to be repeated.” Even if titers of > 100 Iu are 
 obtained, booster shots should be performed every 5 years 
for health-care workers. 

Blood bank screening in South Africa

Two Blood Transfusion Services provide blood for the nine 
provinces of South Africa. The Western Province Blood Trans-
fusion Service (WPBTS) and the South African National Blood 
Services (SANBS) co-operate closely on quality standards 
and testing strategies, and they assist each other during 
blood shortages. “At the WPBTS, 150,000 to 160,000 dona-
tions are screened annually,” reported russell Cable, Bach-
elor in Biomedical Technology, Supervisor of the Virology 
Laboratory, WPBTS, Cape Town, South Africa. Donors are 
routinely screened for HIV-1/2, HBV, HCV, and syphilis. 

The local statistics show that the HCV prevalence is very 
low. For HBV, a sharp drop occurred between 2014 and 2015, 
which appears to be based on the immunization program 
that was modified in 1995/1996. “The babies who were 
 vaccinated back then are the people who start donating now,” 
Mr. Cable said. 

At the WPBTS, donor testing includes a serological arm 
and a NAT arm. Serological testing comprises anti-HIV-1/2, 
anti-HCV and HBsAg testing, which has been performed us-
ing the PrISM® analyzer for the previous 19 years. “The 
PrISM® worked well, but at the same time, the laboratory 
was growing and we modernized our processes,” Mr. Cable 
stated. The staff found certain limitations with the PrISM®. 
For instance, it only offers five different on-board assays and 
has software limitations, such as the inability to multitask 
(e.g., no resending of results during sample processing). The 
ArCHITECT® analyzer was used as a backup, but it could not 
cope with the quantities of samples, which meant that only 
urgent samples were tested. “We wanted more than just a 
replacement analyzer for the PrISM®,” Mr. Cable stated. “We 
wanted a complete system that has equal or better assay 
performance than the PrISM® in terms of sensitivity, speci-
ficity, and processing times.” Also, the desired features 
 included the possibility for automation of as many of the 
manual processes as possible to improve efficiency, the flexi-
bility to grow as the labora tory grows, and extra capacity in 
case of down-time. 

Assessing instrument suitability

Five analyzers were evaluated: ArCHITECT®, PrISM®, Evolis®, 
LIAISON® XL, and Cobas® e601. “All of these are chemilumi-
nescent systems, with the exception of Evolis®, which uses 
 ELISA,” explained Charlotte Pistorius, Bachelor in Biomedical 
Technology, Deputy Supervisor of the Virology Laboratory, 
WBPTS, Cape Town, South Africa. The assays that underwent 
evaluation included HIV antigen/ antibody, HBsAg, and 
 anti-HCV antibody assays, as well as the Treponema pallidum 
hemagglutination assay (TPHA). Moreover, the systems were 
rated with regard to the suitability for blood screening using 
a subjective scoring  system and an objective scoring system. 
“We needed a subjective scoring system, because we had to 
find out if the  analyzer suited our blood bank,” Ms. Pistorius 
noted. The performance rating ranged from 1 (very bad) to 
7 (very good). Subjective assessments were based on the 
 personal expe rience of the user with the stand-alone instru-

Type Countries

A uSA, northern Europe, Africa

B China, Indonesia, Vietnam

C China, Korea, Japan, Vietnam

D Mediterranean, Middle East, India

E West Africa

F Polynesia, uSA (rare)

G Europe, uSA (rare)

H uSA, South America

Table 4: Global distribution of HBV genotypes



ments. When no absolute quantifiable score was possible,  
0 stood for “no” and 1 for “yes”. 

Overall, 15,000 samples were tested. “Extra samples were 
taken from each donor for the evaluation,” Ms. Pistorius said. 
Color coding on the tubes indicated the analyzer which was 
used. White and yellow labels on the tubes denoted repeat 
and new donors, respectively. 

Subjective scoring

Within the subjective scoring section, LIAISON® XL showed 
the best overall performance (Figure 2). There was a huge 
advantage of this system concerning reagent handling, which 
consisted of reagent preparation and changing of loading 
reagents. For the user interface, ArCHITECT® did best, with 
LIAISON® XL ranking second. “Here, we assessed sample re-
sult look-up by serial number, flagging of reactive results, 

programmable algorithm, helpful Help Menu, and ease of 
navigation through the software,” Ms. Pistorius reported. 

In the ‘testing’ section, the evaluated items consisted of 
the sensitivity of the instrument regarding barcodes, oper-
ator interaction, general ease of use, audible alarms for low 
consumables, visual triggers, notification of insufficient re-
agents, retesting in duplicate, and the start-up procedure. 
ArCHITECT® and LIAISON® XL outperformed the other sys-
tems here. For ‘maintenance’ (expenditure of time, ease of 
process), LIAISON® XL again did best. 

Objective scoring

regarding the number of consumables, the volume of stor-
age area was largest for PrISM® and smallest for Evolis® and 
LIAISON® XL. The amount of solid waste per month was enor-
mous with PrISM®, whereas ArCHITECT® and LIAISON® XL 
resulted in the smallest quantities. “This waste has to be in-
cinerated at tremendous costs to us,” Ms. Pistorius stressed. 
reagent kit size is huge with PrISM® and considerably small-
er with all of the others. For the time to results, the staff 
found that Cobas® and ArCHITECT® were fast, while PrISM® 
and Evolis® performed at the other end of the spectrum. 
“unfortunately, we were still using the HIV combo double 
cartridge assay with LIAISON® XL at that time, rather than 
the HIV high throughput version of the kit, which has the 
advantage of showing separate results for the antigen and 
the antibody, but slowed the system down to a considera-
ble degree,” Ms. Pistorius said. 

All of the systems have drawbacks and advantages. 
 Overall, with LIAISON® XL, complications can be minimized 
due to the lack of moving parts, and the ‘home screen’ pro-
vides all of the required information at a glance. “We also 
liked it that consumables can be topped-up and waste can 
be removed during processing,” Ms. Pistorius mentioned.  
All of the processes are task-driven, and the maintenance 
procedures were good. “Best of all is that the STAT func-
tion is brilliant.”

Assay performance 

A specific testing algorithm ensured that the samples eval-
uated by the five analyzers were unequivocally reactive or 
non-reactive. Specificity was assessed in both repeat donors 
and new donors. In repeat donors, HCV specificity was 
99.48 % for LIAISON® XL, 99.94 % for PrISM® and 99.88 % for 
Cobas®. For HIV, it was 99.86 %, 99.80 % and 99.75 % for 
 LIAISON® XL, PrISM® and Cobas®, respectively, and for HBsAg, 
it was 100 %, 100 % and 99.98 %, respectively. 

“To make the comparison fair, we had to test first-time 
 donors,” Mr. Cable emphasized. Testing repeat donors with 
the old system against other platforms causes a bias toward 
the established analyzer, because the population has been 
selected for that analyzer over time. In this group, for HBsAg 
testing, 100 % was obtained for LIAISON® XL, PrISM® and 
 Cobas®, while it was 99.85 % for ArCHITECT® and 99.90 % for 
Evolis®. HIV specificity of LIAISON® XL was closer to PrISM® 
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Fig. 2: Comparison of different analyzers: subjective scoring tally
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(99.51 % and 99.66 %, respectively) than the other assays 
(99.75  %), while HCV antibody specificity was similar for all 
assays, except for Evolis® (Figure 3). Since unusually high  initial 
reactive (Ir) and repeat reactive (rr) rates for HCV antibodies 
on the LIAISON® XL were observed, additional tests were 
 performed using different types of donor sample tubes as 
well as retesting samples from the plasma bags of donors 
showing high Ir and rr rates. However, the same results were 
observed. “Something was not right here,” Mr. Cable said.  
A cross-reactivity issue was speculated. “Apparently, in South 
Africa, donors show a higher protein content in their sera 
than in Europe, so something in the plasma might have 
 reacted with the assays.” Samples were sent to the DiaSorin 
company for modification. “Improved assays with greatly 
 increased specificity are available now.”

Advantages of LIAISON® XL

“A stand-alone instrument was not an option for us,” Mr. 
 Cable summarized. “It had to be part of a tracked system.” 
Analyzing as part of a tracked system makes it possible to 
overcome some of the limitations that arise with a stand-
alone instrument. “There is definitely more capability, and 
one can add another analyzer as the laboratory grows.” With 
the LIAISON® XL, the software capability was improved, and 
extra capacity was created in case of down-time. Also, this 
system allows for more automation, and additional assays 
are available (e.g., for syphilis, HTLV or Chagas disease). More-
over, it is a very modern-looking instrument with a small 
footprint. “Space is always a major issue.”

The HIV antigen/ antibody Combo assay that slowed down 
the performance of LIAISON® XL has dual signals for anti-
gens and antibodies, which helps to distinguish  between 
early and late-phase infection. “This is brilliant, because it 
helps to distinguish between early-phase and late-phase in-
fection and renders a separate p24 antigen test redundant,” 
Mr. Cable noted. “The high-throughput assay, which is much 
faster, should be used for routine screening, while the  Combo 
assay should work well for second-line con firmation.”

HBsAg mutants – still a concern for accurate 
HBV detection

HBsAg is a major protein of the envelope of HBV, and is in 
part responsible for the viral persistence and chronicity of 
this infection. However, it is also part of the vaccine, and 
serves for screening of pregnant women and blood-bank 
screening. 

Escape mutants of HBsAg can impede diagnosis to a con-
siderable degree. “These mutants are generated during rep-
lication,” explained Ana Avellón, MD, PhD, Hepatitis unit, Vi-
ral Hepatitis reference and research Laboratory, National 
Centre of Microbiology, Majadahonda, Madrid, Spain. “Al-
though the virus is a DNA virus, there is an rNA-mediated 
step during replication, where the mutation occurs.” After 
that, mutant selection is required. Immunocompromised 
patients in particular show a high replication rate. “There-
fore, mutants are selected in high quantities.”

Dr. Avellón pointed out the difference between occult 
HBV infection and HBsAg mutants. “The definition of occult 
HBV infection is related to the antigen/ antibody/ DNA 
 pattern.” Here, DNA testing is positive, although HBsAg tests 
negative. Some of the occult HBV infections, but not all of 
them, are related to HBsAg mutants. 

Authors often consider mutations to be located in the  major 
hydrophilic region between positions 99 and 169. Others 
 define them as mutations when they are located in the ‘a’ 
determinant. “Mutations in the major hydrophilic region out-
side the ‘a’ determinant are mostly associated with immune 
escape and antigen detection failures,” Dr. Avellón said. They 
are located in positions 118, 119, 120, and 123. Inside the ‘a’ 
determinant, there are mutations located in Loop A and Loop 
B. For Loop A, the ones most often associated with immune 
escape are in positions 126 and 129. For Loop B, this is espe-
cially true for positions 143, 144, and 145.  

Prevalence of HBsAg mutants

The frequency of HBsAg mutants depends on the geographic 
area and the group of patients assessed. Mutants have been 
reported both in healthy blood donors and HBV chronic car-
riers. In chronic carriers, prevalence ranges from 3 % to 12 %. 
“For blood donors, the prevalence is very low in DNA-posi-
tive, HBsAg-negative patients,” Dr. Avellón noted. “When a 
pattern of DNA positivity plus HBsAg negativity is present, 
the percentages were estimated at 6.7 % [2] and 17.1 % [3], 
respectively.” A study identified 2.7 % prevalence in patients 
with anti-HBc antibodies alone [4]. “In vaccinees, some 
 authors report increases in HBsAg mutants, while  others do 
not, and there is no consensus here.” 

However, all authors agree that a high frequency of  mutants 
can be found in the setting of reactivation of infection.  
“A study that we performed in our laboratory showed that  
12 out of 23 cases of reactivation harbored HBsAg mutations,” 
Dr. Avellón stressed [5]. In eight cases, HBsAg was negative or 
low positive. Interestingly, in the remaining 11 cases with wild-
type genotype, four patients also had HBsAg-negative or low 
positive results. Normally, reactivation cases are  diagnosed 
when HBsAg starts to increase and the antibody is decreas-
ing. “We think that mutant  detection can be affected by the 
quantity of the antigen,” Dr. Avellón said.

Correlation between specific mutations and 
genotype 

The ‘genotype effect’ has to be taken into account, due to 
their variability across the world. This is the reason why 
 reports on the  frequency of mutants differ according to 
 geographic region. It has been demonstrated that the B 
 genotype is accom panied by a higher prevalence of muta-
tions in positions 120 and 129, while for genotype D, this 
 applies to  position 143 [6]. 

“We compared mutations in genotypes A and D, which 
are the most common genotypes in Spain,” Dr. Avellón 
 reported. This analysis indeed yielded differences in the 
prevalence of mutants [7]. In genotype A, positions 120, 130, 
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and 144 were most frequently affected, and in genotype D, 
 positions 129 and 130. Sticchi et al. identified high preva-
lence of mutants in position 145 in non-selected HBV chron-
ic carriers [8]. Another analysis by Svicher that was performed 
in 24 DNA-positive and HBsAg-negative blood donors of 
genotype D demonstrated that some of the mutations 
 occurred in up to 20 % of cases [9]. 

A range of factors can affect HBsAg detection in patients 
with mutants, such as particular mutations outside the scope 
of certain tests. Also, all of the assays can have difficulty in 
the identification of multiple mutations. Furthermore, HBsAg 
quantity is an issue, as well as the rate of mutated/ wild-type 
quasispecies; a mixture of mutants and wild-types within a 
sample might prevent correct detection. 

Comparing commercial tests in HBsAg 
mutant detection 

As Dr. Avellón pointed out, the detection of HBsAg mutants 
using commercial tests should be determined with both 
 recombinant and native panels, at different dilutions and with 
quasispecies information, if possible. Both recom binant and 
native panels have advantages and disadvantages  (Table 5). 
“If necessary, the sample volume can be changed by dilu-
tion, and it is interesting to compare different assays with 
the same panel,” Dr. Avellón emphasized. 

Large numbers of comparisons have been published over 
the last 12 years. “Some authors only evaluated the ability 
of mutant detection by recombinant panels, some others 
only used native panels, but mostly the tests were evaluat-
ed using both types of panels.” Comparisons of old and new 
versions of an individual test to quantify the improvement 
in mutant detection are very common. 

According to an indirect comparison across different 
 testing systems using recombinant panels, only LIAISON® 
XL murex HBsAg detected P142L-F/ y143H-D144E-G145r in 
all of the panels. A study presented at ISBT 2015 focused on 
native sample panels, which contained a complex number 
of mutants, including some with insertions [10]. “All of the 
samples were detected as positive by the LIAISON® XL  murex 
HBsAg Quant, with a range of values between 0.05 mIu/mL 
and 3.90 mIu/mL,” Dr. Avellón reported. 

Good performance of LIAISON® XL  
Murex HBsAg Quant

Dr. Avellón and her team also evaluated commercial tests 
with native sample panels, showing that for mutations in 
the major hydrophilic region outside the ‘a’ determinant, 
most of the tests had positive results [11]. Inside the ‘a’ de-
terminant in Loop A, likewise, all of the tests detected all 
of the samples without any problems. For mutations in the 
‘a’ determinant in Loop B, however, one sample with G145r 
was not detected by most of the assays, like Vitros ES, 
 Enzygnost 6.0 or Elecsys II. “Only  LIAISON® XL Murex HBsAg 
Quant showed a positive value close to the cut-off.” In an-
other patient with the same mutation, results were low 
positive with the other tests but clearly positive with LIAI-
SON® XL Murex HBsAg Quant. “With the exception of 145r, 
samples harboring isolate substi tutions were quite pro-
perly detected by commercial tests currently marketed,” 
Dr. Avellón summarized. Most of them had been redesigned 
with this purpose in mind. The inconsistency in the detec-
tion of 145r samples suggests that  additional factors are 
involved, such as quasispecies distribution and HBsAg load. 

Samples with multiple substitutions are difficult to detect 
when mutations are distributed along the major hydrophilic 
region. However, attempts at improvement have raised the 
possibility of low positive results (near the cut-off values) 
that allow for detection. When testing for multiple muta-
tions, Dr. Avellón and co-workers used a sample with eight 
different mutations [11]. “Here, LIAISON® XL Murex HBsAg 
Quant was able to detect all of the samples as positive.” This 
did not apply to the other assays; for instance, the former 
version of the Centaur testing system yielded negative re-
sults, while they were positive with the new version. “Some 
of the more complex samples have mutations in a multitude 
of different positions,” Dr. Avellón added. When the viral 
load is high, the infection is very active. “Here, accurate 
 diagnosis is important, because this condition is serious for 
the patient.”
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Disadvantages of 
recombinants

Disadvantages of native 
samples

Expensive Low sample volume

usually isolated mutations Quasispecies information  
missing

Panels difficult to join

Advantages of recombinants Advantages of native samples

High sample volume Single and multiple mutations

Similar to conditions expected 
in the clinical laboratory

Table 5: Advantages and disadvantages of recombinant and native 
 samples in the evaluation of commercial tests for HBsAg mutant detection


