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Mini-sequencing with subsequent result registration using MALDI-ToF mass-spectro-
metry was employed for hepatitis B virus genetic typing in Russian population. This
approach was employed for hepatitis B virus genetic typing in HBsAg-positive patients
with chronic hepatitis B, hepatitis of combined etiology and hepatic cirrhosis and
allowed to show the prevalence of D genotype (83.3%) in all groups of patients. Other
hepatitis B virus genotypes: genotype A (5.9%), genotype C (3.6%), and mixed infection
with D and C (7.2%) were also found in patients with chronic hepatitis B and hepatic
cirrhosis. All genotypes were found in patients with chronic hepatitis B and hepatic
cirrhosis. Chronic hepatitis of combined etiology was noted only in patients with
genotype D. Possibility of detection of mixed infection with hepatitis B viruses of
various genotypes is a distinct advantage of mini-sequencing approach over direct
nucleotide sequence evaluation for hepatitis B virus genetic typing.
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Hepatitis B virus (HBV) contamination of popu-
lation remains to be a major problem of modern
healthcare. Despite of extensive use of vaccination,
amount of patient remains to enlarge. Among im-
mune escape mechanisms the emergence of mutant
types might be named in first instance. Epidemio-
logical studies demonstrated possibility of gradual
displacement of wild HBV strain [4]. At east 8
genetic groups or genotypes (marked A-H) are cur-
rently defined in HBV classification. HBV geno-
types possess distinct distribution. Genotypes A and
D are spread worldwide, and prevail in countries
of South Europe and USA; genotypes B and C are

Scientific Research Institute of Physical-Chemical Medicine; *Mos-
cow State Medical-Stomatological University, Moscow, Russia. Ad-
dress for correspondence: maja_m@mail.ru. M. V. Malakhova

found in countries of South-East Asia. Genotype E
is found in West Africa, and Genotype F was seen
only in Central and South America [2]. Two HBV ge-
notypes are described: one was named G and found
in France, Germany and USA, and Genotype H was
found in Nicaragua, Mexico and California [13].
Different HBV genotypes are assumed to pro-
duce different hepatic lesions. Genotype C showed
to be correlated with more severe acute and chronic
hepatitis (CHB) and genotype B might be asso-
ciated with hepatocellular carcinoma [7]. Emer-
gence of mutations, providing tolerance to lami-
vudine, is representative for genotype C [9]. Geno-
type A more than genotypes D and F associated
with persistent biochemical remission and HBV
DNA elimination [12]. Molecular-genetic investiga-
tions also showed the frequency of pre-core muta-
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tions and core-mutations to be associated with
genotype of the virus. These mutations are most
common in HBV genotypes B, D and E, and less
common in HBV genotypes A, C, F and H [3].
Differences in responses to treatment consider to be
possibly connected with virus genotype. Particu-
larly, CHB patients, infected with HBV genotype
A, were showed to have better response to inter-
feron treatment [6]. These results indicate that HBV
genetic typing have to become an important part of
clinical studies.

HBYV genetic typing is traditionally based on
pre-S1/pre-S2 area nucleotide sequencing, since it
is the most variable part of virus genome. This
analysis allows determination of all HBV geno-
types from A to H. It is no wonder that DNA se-
quencing provides the most accurate information
concerning virus genotype. However, taking into
account intrinsic HBV heterogeneity, frequent oc-
currence of mixed infections can be expected. And
in this case sequencing approach is not longer ef-
fective.

Among methods, developed for HBV genetic
typing, following ones may be emphasized: RFLP
— length polymorphism determination among re-
striction fragments, PCR with genotype-specific
primers, real-time PCR and DNA-array technology
[8,14,15]. Of these only latter two belong to high-
performance analytical methods and suitable for
epidemiological screening. However, listed tech-
nologies, as a rule, are less accurate in comparison
with direct genomic DNA nucleotide sequencing.

The subject of this work was the development
of new highly-precise method for hepatitis B virus
DNA genetic typing, suitable for extensive clinical
studies, assessing the relationship between HBV
genotype and clinical course of disease (turning
into chronic infection, development of complica-
tions, etc.).

MATERIALS AND METHODS

Serum and blood samples, obtained from CHB pa-
tients undergoing examination or treatment in four
Moscow clinics: Infection clinical hospital No. 1;

TABLE 1. Primers and amplification profiles
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Central clinical hospital N1 OAO Russian Rail-
ways; City clinical hospital of Ministry of Internal
Affairs of the RF; City clinical hospital No. 20.

Before use all samples were stored at -110°C.
HBV DNA was extracted using reagent DNA-ex-
press-blood (Litech) in accordance with manufac-
turing firm instructions.

HBV DNA fragment of preS/-region was am-
plified using three primers (Table 1). Reaction was
performed in two stages in mixture, contained 66
mM Tris-HCI pH 9.0, 16.6 mM (NH,),SO,, 2.5 mM
MgCl,, 0.2 mM of each dNTP, 5 pmol of primers
and 1 U Taq DNA polymerase (Fermentas) of final
volume of 35 il.

5’-end phosphate group dephosphorylation of
dNTP in amplified reaction mixture was made du-
ring incubation with alkaline phosphatase 0.5 U
from arctic shrimps (Shrimp Alkaline Phosphatase,
Fermentas) for 30 min at 37°C and for 10 min at
85°C.

Thermal cyclic mini-sequencing reaction was
performed in reactive mixture: 66 mM Tris-HCl pH
9.0, 16.6 mM (NH,),SO,, 2.5 mM MgCl,, 0.2 mM
dNTP, 0.2 mM ddNTP, 20 pmol of every inner
primers (Table 2) and 2 U TermiPol DNA Poly-
merase (Solis Biodyne) in final volume of 13 pl.
Amplificated HBV DNA fragments were used as a
matrix. Generation of mini-sequencing products
was carried out with schedule: 94°C — 20 sec,
58°C — 20 sec, 72°C — 15 sec, 70 cycles in am-
plificatory DNA Engine Tetrade™ (MJ Research).

Purification of mini-sequencing products was
performed using SpectroCLEAN Kit (Sequenom)
according to manufacturing firm guidelines.

Sample aliquot (0.2-1.0 il), obtained after puri-
fication, was laid on the matrix, dried on Anchor-
Chip target (400 i, Bruker Daltonics) and derived
from unsaturated solution of 3-hydroxypicolinic
acid (Fluka) in 50% acetonitrile (Merck)with addi-
tion of ammonium citrate dibasic 10 g/l (Fluka),
and air-dried. The vehicles used, including water
(Merck), were analytic pure and predesignated for
mass-spectrometry.

Spectra were obtained with MALDI-time-of-
flight mass-spectrometer Microflex (Bruker Dal-

Step Primer Amplification profile
1 HBtype-f: 5'- CGGGTCACCATATTCTTGGG-3' 94°C, 15 sec; 60°C, 10 sec; 72°C, 15 sec; 15 cycles
HBtype-r3: 5'- GACTCTGCGGTATTGTGAGG-3'
2 HBtype-f: 5'- CGGGTCACCATATTCTTGGG-3' 94°C, 15 sec; 60°C, 10 sec; 94°C, 15 sec; 60°C,
HBtype-r1: 52 - AGAAAAACCCCGCCTGTAAC-32 10 sec; 72°C, 15 sec; 30 cycles
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tonics), equipped with nitrogen laser (A=337 nm)
with impulse frequency up to 20 Hz. All measure-
ments were performed in linear conditions with de-
tection of positive ions. For mass-spectra registra-
tion, processing and analysis the Bruker Daltonics
software was employed: flexControl 2.4 (Build 38)
and flexAnalysis 2.4 (Build 11).

HBV genotype was estimated in virtue of pre-
sence of ions with distinct molecular weight (Table
2) in mass-spectra of mini-sequencing products.

Nucleotide sequence of amplified HBV DNA
fragments was determined by modified Sengler
method using ABI Prism® BigDye™ Terminator
Cycle Sequencing Ready Reaction Kit and appa-
ratus ABI Prism® 3100 Genetic Analyzer (Applied
Biosystems, Hitachi) in accordance with applied
guidelines.

For comparative analysis of preSi-region the
following HBV DNA sequences, available in Gene
Bank, were employed: AJ34415, AY373429, AB116079,

AB116081, AY167101, AY167098, AY518556,
ABO033555, AB106884, AY206393, AB112063,
AF157113, ABO033552, ABI115418, AY167099,
AY206388, AB112065, AF461363, AB111946,
AJ344116, AY373430, AB116266, AB106564,

AB036919, AF405706, AY090460.
Oligonucleotide primers and artificial nucleo-
tide fragments for creation of recombinant con-
structions were synthesized in RPC Litech. Oligo-
nucleotide fragments with positions for annealing
and following intrinsic primer fill-in for determina-
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tion of genotypes C, B, E, F, H, G were cloned into
plasmid pGEM-Teasy (Promega) using restriction
endonuclease BamHI and EcoRI and T4 DNA-ly-
gases (Fermentas) according to established proto-
cols [11]. Obtained plasmids were used for trans-
formation of E. coli cells DH5a. Plasmid DNA was
extracted by previously described procedure [5].

RESULTS

In virtue of performed comparative analysis of preSI-
region sequences of known HBV genotypes was
created the universal primer system, allowing am-
plification of all 8 HBV genotypes. Amplification
was carried out in two stages using three primers
(semi-nested PCR), what significantly increased the
sensitivity.

Every distinct genotype (A-H) determination
was carried out by mini-sequencing with subse-
quent reaction product detection using MALDI-ToF
mass-spectrometry. The technology created is ba-
sed on reaction of oligonucleotide primer enzy-
matic fill-in with the participation of deoxy- and
dideoxy-nucleotide-triphosphate. Latter provides
specific synthesis arresting (according to matrix
DNA nucleotide sequence) and obtainment of nu-
cleotide chains, different one from another in 1-4
nucleotides. Measurement of reaction product
molecular weight was performed using MALDI-
ToF mass-spectrometry, which currently allows to
distinguish two DNA molecules with minimal dif-

TABLE 2. Primers, used for HBV genetic typing, and expectative product weights of mini-sequencing.

Genotype Primer Primer weight Méxﬁl%f/ggﬂfgt Product weight
A ForA: 5'-TCTCACATCTCGTCAATCTC-3' 5963 Da 6236 Da (ddC)
Cc RevC(1): 5'-TCCGAGGAATCCTGATGTGG-3' 6173 Da dT+ 6791 Da

RevC(2): 5'-TCCGAGGAATCCTGATGTIG-3' 6148 Da ddG+ddC 6766 Da

(dT+ddG)

D ForD: 5-GCCAACAAGGTAGGAGCT-3' 5558 Da 5871 Da
(ddG)

B ForB-E: 5'-CAGAAATCCAGATTGGGACC-3' 6135 Da dT+dC+ddA. 7026 Da

(dT+dC+ddA)

E 6432 Da
(ddA)

F RevF-H: 5'-GTGGTGGTGTAAACCCTGG-3' 5900 Da dA+ddG+ddC+ddT 6213 Da
(ddG)

H 6486 Da

(dA+ddC)

G RevG: 5'-AGGGGTGAAACCGGGTCC-3' 5590 Da 6191 Da

(dA+ddT)
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A — GCATTCGGAGCCAACTCAAACAATCCAGATTGGGACTTCAACCCCATCAA -
C (1) — GCATTCGGAGCCAATTCAAACAATCCAGATTGGGACTTCAACCCCAACAA -
C(2) — GCATTCGGAGCCAACTCAAACAATCCAGATTGGGACTTCAACCCCAACAA -
D - GCCTTCAGAGCAAACACCGCAAATCCAGATTGGGACTTCAATCCCAACAA -
B — GCATTCAAAGCCAACT CAGAAAATCCAGATTGGGACC ACCCGCACAA -
E — GCATTCAGAGCAAACACCAGAAATCCAGATTGGGACCENCAATCCCAACAA -
F — CTATTCAGGGCAAATTCCAGCAGTCCCGACTGGGACTTCAACACAAACAA -
H — CTATTCAGAGCAAATTCCAGCAGTCC CGATTGGGACTTCAACACAAACAA -
G — GCATTCAGAGCAAATACCAACAATCCAGATTGGGACTTCAATCCCAAAAA -
186 250
A — TGGCCAGCAGCCAACCAGGTAGGAGTGGGAGCATTCGGGCCAGGGTTCACCCCTCCACACGGCGG -
C (1) — TGGCCAGCGGCAAACCAGGTAGGAGTGGGATCATTCGGGCCAGGGTTCACCCCACCACACGGCAA -
C(2) ~ TGGCCAGAGGCAAATCAGGTAGGAGCGGGAGCATTCGGGCCAGGGTTCACCCCACCACACGGCGG-
D - TGGCCAGACGCCAACAAGGTAGGAGCTEGAGCATTCGGGCTGGGATTCACCCCACCACACGGAGG -

B — TGGCCGGACGCCAACAAGGTGGGAGTGGGAGCATTCGGCCAGGGTTCATCCCTCCCCATGGGGG -
E - TGGACAGACGCCAACAAGGTAGGAGTGGGAGCATTTGGGCCGGGGTTCACTCCCCCACACGGAGG -
F - TGGCCAATGGCAAACAAGGTAGGAGTGGGAGGCTACG&ECAGGGTTTACACCCCCACACGGTGG -
H
G

~ TGGCCAATGGCAAACAAGGTAGGAGTGGGAGGCTTCG
- TGGCCAGAGGCCAACAAGGTAGGAGTTGGAGCCT]

501 533

CAGGGTTCACACCCCCACACGGTGG -
GACCCGGGTTCACCCCTCCACA CGGAGG-

556 588

A - 11GCCHCTCACATCTCETCARTCTC8GCGAGGA--~TGGAGAACAT CACAT CAGGAT TCCTAAGACCCCT -
c - CTGCCTCTCCCATATCGTCAATCTTCTCGAGGA———TGGAGAEECQACATCAGGATTCCTAGGACCCCT—

C(2) ~CTGCCTCACCCATATCGTCAACCTTCTCGAGGA---TGGAGA.

FCAACATCAGGATTCCTAGGACCCCT -

D - CTGTCTCTCACATATCGTCAATCTTCTCGAGGA---TGGAGAACATCACATCAGGATTCCTAGGACCCCT-
CTGTCTCAGCCATATCGTCAATCTTATCGAAGA---TGGAGAACATCGCATCAGGACTCCTAGGACCCCT-
CTGCCTCACTCATCTCGTCAATCTTCTCGAGGA---TGGAAAGCATCACATCAGGATTCCTAGGACCCCT -

TTGCCTCTCTCACATCATCAATCTTCTCGAAGA---TGGAGAACATCACATCAGGACTCCTAAGACCCCT -

B
E
F TTGCCTCTCTCACATCATCAATCTTCTCGAAGA---TGGAGAACATCACATCAGGACTCCTAGGACCCCT -
H
G

—TTGCCTCTCACATCTCGTCAATCTTCTCCAGGA---TGGAGAACATCACATCAGGATTCCTAGGACCCCT -

Fig. 1. Fragments of comparative analysis of HBV DNA preS1-region sequences for genotypes A-H. Positions of intrinsic primers, used
for genetic typing, are marked with fray color. Nucleotides, which fill-in at the process of mini-sequencing, maked with black color.

ferences in weight of 2-4 Da. Previously this me-
thod was successfully employed for genetic typing
of hepatitis C virus [1].

According to comparative analysis of HBV DNA
preSI-region, 7 oligonucleotide primers were selec-
ted, which add on from 3'-end allows to determine
genotype-specific feature of HBV DNA (Fig. 1).
For simultaneous determination of A, C, and D geno-
types (most widespread in Euro-Asian region), B
and E genotypes and F, H, and G genotypes the
details of multiprimer sequencing were optimized.
As an illustration, the multiprimer sequencing sys-
tem employment for determination of genotypes A,
C and D is provided (Fig. 2).

This approach was employed for investigation
of serum samples obtained from 154 HBsAg-posi-
tive patients: 131 (85%) with CHB, 16 (10.4%)

with HBV-induced hepatic cirrhosis and 7 (4.6%)
with CHB of mixed etiology. HBV DNA was ob-
tained from 84 (54.5%) patients, among which in
70 (83.3%) was established genotype D, in 3 (3.6%)
— genotype C, and in 5 (5.9%) — genotype A, for
6 (7.2%) — mixed genotype D and C. Genetic ty-
ping data was confirmed by the method of direct
sequencing (except cases of mixed infection).

CHB was diagnosed in 87.4% of patients with
genotype D, in 66.7% with genotype C, in 80%
with genotype A and in 66.7% with genotype C
and D. Hepatic cirrhosis was found in 8.6% of
patients with genotype D, in 33% (1 patient) with
genotype C, in 20% (1 patient) with genotype A
and in 33.3% (2 patients) with genotypes C and D.
Chronic viral hepatitis of mixed etiology was found
only in 7 (10%) patients with genotype D.
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Fig. 2. Examples of mini-sequencing using multiprimer system for detection of genotypes A, C and D. The peaks marked, corresponding
to primers ForA, ForD and RevC(1), employed for detection of genotypes A, D and C. a — example of mass-spectrum, obtained at
genotype D detection; b — example of mass-spectrum, obtained at genotype A detection.

Since that in first clinical sample were not found
HBV genotypes C, B, E, F, H, G, to confirm effi-
ciency of all mini-sequencing systems the recom-
binant constructions were artificially obtained in
plasmid vector pGEM. Each of them contained nu-
cleotide fragment with positions for annealing and
following intrinsic primer fill-in for determination
of genotypes B, F, G, C (sequence complementary
for primer C(1) and genotypes E, H, C (sequence
complementary for primer C(2). These construc-
tions may be used as matrix for mini-sequencing
with intrinsic primers for detection of genotypes C,
B, E, F, H, G. Using MALDI-ToF mass-spectro-
metry was demonstrated that fill-in of these primers
is going according to context by relevant number
of deoxy- and dideoxy-nucleotide-triphosphates
and products with predetermined molecular weight
appear.

Mini-sequencing with following registration of
results with MALDI-ToF mass-spectrometry was
successfully employed for HBV genotype deter-
mination in serum samples from patients with chro-
nic hepatitis. Although this approach was perfor-
med with plates, it allows using of robotic systems
to carry samples and reagents, automatic algo-
rithms of result registration. Promoting of this me-
thod, allowing simultaneous testing of 96, 384, or
1536 samples, may significantly accelerate massive
investigations, focused on monitoring of HBV circu-
lation in our country. Mini-sequencing method pos-
sesses distinct advantages over direct nucleotide
sequencing, because it allows detecting the cases
of mixed HBV infection with several genotypes.

Employment of this approach for analysis of
HBV genotypes in small group of CHB patients
demonstrated the prevalence of genotype D (83.3%),
but other HBV genotypes — genotype A (5.9%)
and C (3.6%), and also cases of mixed infection
with D and C (7.2%) were also found. The data

obtained is a little different from the results of ana-
logue study, where the prevalence of genotype D
in Russian Federation was demonstrated, whereas
over genotypes — A and C — constituted only 1%
[10]. Thus, epidemiological situation had changed
in few years. It can be explained by extensive migra-
tion from Yakutia, Caucasian and Asian regions,
where ratio of A and C genotypes to genotype D
is well above, to central regions of Russian Fe-
deration.

However, insufficient number of patients in
investigated population does not permit to make
statistically significant conclusions concerning as-
sociations of certain HBV genotype, detectable in
our country, with clinical particularities of viral
hepatitis, nature of hepatic lesions, occurrence of
distinct consequences, efc. Further investigation
with lager amount of clinical groups will permit
indubitable assessment of HBV genotype magni-
tude as a factor, influencing the course of disease.

Authors express thanks to employee of Infec-
tion clinical hospital No. 1, Central clinical hospital
No. 1 OAO Russian Railways, City clinical hospital
of Ministry of Internal Affairs of the RF, City cli-
nical hospital No. 20, to D. S. Cheshik, E. S. Vjuch-
nova, T. B. Penkina, 1. B. Korshunov for providing
of clinical material.
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