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The aim of the work was to define the diagnostic ability of the enzyme immunoassay test system DIA-
HBsAg (PJSC “SPC “Diaprof-Med””), in which the principle of analysis is based on biotin-streptavidin
amplification of a specific signal.

The assay performance was studied on WHO Second International Standard for HBsAg, subtype
adw2, genotype A (NIBSC code: 00/588) in concentration 0.006 IU/ml; on Capricorn HBsAg standard
subtypes ad and ay in concentration 0.006 ng/ml and 0.004 ng/ml respectively. All 14 members of the
HBsAg Low Titer Performance Panel PHA 106 (BBI, USA) were detected in DIA-HBsAg with high OD/
CO ratio 11.9-40.7.

The DIA-HBsAg sensitivity were similar to the sensitivity of Roche COBAS and Murex HBsAg 3.0
when tested on the HBsAg Mixed Titer Performance Panel PHA 206 (BBI, USA) which consisted of sera
with various HBsAg concentrations.

The DIA-HBsAg has correctly detected low reactive members of the HBsAg Verification Panel VHA
601 (BBI, USA) with OD/CO ratio 21.0-40.7 whereas the negative member OD/CO was 0.4.

In the evaluation of 174 cross-reactive serum specimens one false positive result was obtained out of
8 sera reactive for IgM to HSV-1/2. The DIA-HBsAg specificity on 1 177 blood donors™ specimens was

99.9%.
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Hepatitis B is an infectious liver disease
with wvarious clinical manifestations
[1]. The infection is characterized by
severity, high lethality, chronic forms
with the development of cirrhosis and
liver carcinoma [2]. The infectious agent
is a DNA virus (HBV- hepatitis B virus),
which is widely distributed because of its
incredible resistance to various physical
and chemical factors [3]. The HBV virus has
infected approximately 350 million people
worldwide, including 1.5 million in Ukraine
[4]. Creating new highly sensitive tests for
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the HBV diagnosis will significantly reduce
the spread of the infection.

The surface HBV antigen, HBsAg is
a main serological marker in hepatitis
diagnostics. Only a small amount of HBsAg
takes part in virion formation while the rest
persists in the infected organism [5]. In acute
hepatitis B, the antigen is found in blood
one-two weeks after the infection occurred
and disappears one-two months later. If
it circulates in the body for more than six
months, the illness has become chronic [6, 7].
Since it appears before the clinical symptoms
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of the disease and the increase in the activity
of aminotransferases, the diagnosis of
HBYV includes an obligatory blood test for
HBsAg [8, 9]. However, most ELISA kits for
HBsAg determination can only detect it in
concentrations of 0.1-0.05 IU/ml [10, 11].
At lower concentrations of the antigen, for
example during early stages of the disease,
the analysis can give false negative results
before HBsAg is eliminated in the blood or in
the cases of concurrent infections.

The aim of our research was to study
qualitative parameters of the ELISA kit
DIA-HBsAg with sensitivity level of 0.01 IU/
ml for the diagnostics of HBsAg HBV. The
kit is manufactured by SPC Diaproph-Med
(Ukraine).

Materials and Methods

ELISA kits

ELISA kit DIA-HBsAg was constructed
as a two-stage sandwich. The immunosorbent
and biotinylated conjugate included
mouse monoclonal antibodies to various
immunodominant HBsAg sites. The specific
signal is amplified at the next stage of the
reaction, when biotinylated antibodies to
HBsAg bind to the streptavidin conjugate
labeled with high polymer horseradish
peroxidase. To detect the reaction we used
mono-component TMB/substrate (3, 3/, 5,
5 -tetramethylbenzidine in citrate buffer
with hydrogen peroxide). The reaction was
terminated using 0.5 M HCI solution. Analysis
of the results is carried out by measuring
the optical density of the liquid in the wells
in a two-wave mode at 450/620 nm, it’s
proportional to the HBsAg concentration
in the serum/plasma. Immunoassay was
performed using thermoshaker according
to the Instruction for the DIA-HBsAg kit.
Results of ELISA were considered at ratio of
optical density (OD) to the cut off value (CO).
Serum was considered positive at OD/CO >1,0
or negative at OD/CO < 1,0.

To confirm of HBsAg in test sera of the
patients with hepatitis B we used ELISA
kits — Immunite HBsAg (Diagnostic Products
Corporation, USA), HC-I®PA-HBsAg-0,01
(RPS Diagnostic systems, Russia), BekTopren
B-HBs-auturen (RPS Vector-Best, Russia).
The assays were carried out according to the
instructions for use.

HBsAg standards
Second International standard HBsAg
subtype adw2, genotype A (NIBSC, code

00/588) was diluted with blood serum from
healthy donors which was previously tested
for the absence of HBsAg, to concentrations
of 0.02 IU/ml, 0.01 IU/ml, 0.006 IU/ml and
0.004 IU/ml.

Commercial standard OC-CO-HBsAg
(Russia) was diluted by the manufacturer
relative to the Second International standard
HBsAg (NIBSC) to 20 IU/ml. The antigen was
used in concentrations of 0.02 IU/ml, 0.01 IU/
ml, 0.006 IU/ml and 0.004 IU/ml.

Standard HBsAg Capricorn, subtypes ad
and ay (USA) were diluted by blood serum
without HBsAg to concentrations of 0.01 ng/
ml, 0.006 ng/ml and 0.004 ng/ml.

Test blood sera

The diagnostic sensitivity of DIA-HBsAg
kit was determined using:

— standard serum panel HBsAg Low Titer
Performance Panel (Modified) PHA 106 M
(BBI), consisting of 15 samples, 14 of which
with low concentrations of HBsAg and 1
(sample No. 7) was negative;

— standard serum panel HBsAg Mixed Titer
Performance Panel PHA 206 (BBI) including of
25 samples, 23 of which with different HBsAg
concentrations and 2 (No.1 and 25) negative;

—standard HBsAg Verification Panel VHA
601 (BBI), in which 5 sera were weakly positive
for HBsAg and 1 (sample No.6) was negative;

— 22 blood sera patients with hepatitis B,
8 of which were additionally diluted by blood
sera of healthy donors.

The specificity parameter of the test kit
was studied using:

— 174 blood sera with cross-reactive
components which can lead to false positives
in analysis for hepatitis B, including:

30 samples with IgM/IgG to HCV;

32 samples with IgG to HSV1/2;

8 samples with IgM to HSV1/2;

16 samples with IgM/IgG to HSV1/2, IgM/
IgG to CMV;

16 samples with IgG to CMV;

24 samples with IgG to CMV, IgG to HSV1/2;

8 samples with IgM to CMV;

8 samples with IgM/ IgG to CMV, IgG to HSV1/2;

8 samples with IgM/IgG to CMV;

24 samples from pregnant women,
and 1177 blood sera of nonselective donors.

The test kit specificity was calculated
according to the following formula:

Specificity = x100%, (1)

TN+FP
where TN is the amount of true negative results;
FP is the amount of false positive results.
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In the tables and pictures the results of
typical experiment are presented.

Results and Discussion

The investigation in the DIA-HBsAg kit
different commercial standards of the surface
antigen of hepatitis B virus established that
it detects Second International standard
HBsAg (NIBSC) and Russian standard [C-
CO-HBsAg, diluted by it, in concentration

0.006 IU/ml (Table 1). Test kit was able to
detect the standard HBsAg Capricorn subtype
ad at 0.006 ng/ml and the subtype ay at
0.004 ng/ml.

To determine diagnostic sensitivity of
the DIA-HBsAg kit, we tested samples from
serum panel PHA 106 M (BBI) with low
concentrations of HBsAg (Figure).

Analysis results in commercial test kits
were taken from the passport on the panel.
The DIA-HBsAg kit identified all 14 sera with

Table 1. Performance of DIA-HBsAg kit in tests on various HBsAg standards

HBsAg standards HBsAg concentration ELISA results OD/CO
0.021U/ml 3.4
Second International standard 0.01 IU/ml 1.8
HBsAg
(NIBSC, code 00/588) 0.006 IU/ml 1.1
0.004 IU/ml 0.7
0.02IU/ml 3.7
0.01 IU/ml 1.9
IIC-CO-HBsAg
0.006 IU/ml 1.2
0.004 IU/ml 0.8
Standard HBsAg Capricorn (USA):
0.01 ng/ml 1.7
Subtype ad 0.006 ng/ml 1.0
0.004 ng/ml 0.7
0.01 ng/ml 3.0
Subtype ay 0.006 ng/ml 1.9
0.004 ng/ml 1.2
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Comparative analysis results HBsAg Low Titer Performance Panel (Modified) PHA 106 M (BBI) in different
ELISA kits (P < 0.05)
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HBsAg as positive with high OD/CO ratio
(11.9-40.7), and the one without HBsAg as
negative. The data showed the ability of the
DIA-HBsAg kit to identify low concentration
of HBsAg to be significantly higher than
in test kits comparing leading foreign
manufacturers (Abbott Architect, BioRad
Monolisa Plus, Murex HBsAg 3.0, Roche
COBAS).

Table 2 presents the results for PHA 206
(BBI) serum panel with 25 samples containing
various ratios of HBV DNA and HBsAg
(23 samples) or negative for HBV (No.1 and

25) according to the panel passport. The
data on commercial kits were taken from the
panel’s passport. The DIA-HBsAg kit revealed
the HBV surface antigen in all positive
samples not inferior in its diagnostic ability
to commercial analogues. A false-negative
result was obtained in the analysis of serum
No. 22 in the Roche COBAS kit, while Murex
HBsAg 3.0 and DIA-HBsAg identified this
sample positive with OD/CO ratio of 1.9 and
8.9 respectively.

The qualitative parameters of
industrially-manufactured ELISA Kkits

Table 2. Results of identification of the antigen in samples of HBsAg
Mixed Titer Performance Panel PHA 206 (BBI) using various test systems

Test system
Sample N Rocho Amplicor Monitor CoBAS HBsAg 3.0 DIA-HBsAg
results
copies/ml OD/CO
1 <300 0.1 0.4 0.3
2 >2x10° 59.0 >max 40.9
3 >2x10° 47.4 35.9 42.5
4 >2x10° 74.5 >max 42.0
5 >2x10° 74.5 >max 42.3
6 >2x10° 74.5 >max 41.1
7 2x10° 44.6 31.9 41.9
8 1x10° 25.3 26.1 46.4
9 2x10° 32.8 30.9 46.2
10 4x10* 10.8 11.5 39.5
11 7x10% 9.8 11.1 38.1
12 2x10° 16.0 15.3 38.7
13 1x10° 10.6 13.2 40.6
14 5x103 7.8 7.4 42.4
15 5x104 3.6 5.6 35.6
16 4x10% 4.9 4.8 36.7
17 <300 1.2 2.0 7.4
18 2x10% 2.2 3.6 43.2
19 6x10* 2.7 4.1 34.2
20 2x10* 4.6 5.2 40.0
21 2x10° 5.7 4.7 42.0
22 <300 0.5 1.9 8.9
23 5x10% 2.1 2.3 25.6
24 9x102 1.2 1.6 16.6
25 <300 0.2 0.5 0.3
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Table 3. Serum panel test results for HBsAg Verification Panel VHA 601 (BBI)
using DIA-HBsAGg test kit

Ne HBsAg analysis (from the panel passport) IEA results for DIA-HBsAg kit, OD/CO
1 Weakly positive 45.0

2 Weakly positive 43.5

3 Weakly positive 37.1

4 Weakly positive 35.4

5 Weakly positive 21.0

6 Negative 0.4

designed for diagnostics of wvarious
infections are determined using the special
commercial verification serum panels. They
allow to determine the ability of the ELISA
kits to distinguish weakly positive samples
from negative ones.

In our study, the diagnostic ability of the
DIA-HBsAg kit was tested on the commercial
serum verification panel VHA 601 (BBI). The
panel included 6 samples of which 5 had low
concentration of HBsAg and one was negative
for HBV. DIA-HBsAg kit identified the
surface antigen of HBV in all weakly positive
blood sera with OD/CO 21.0-45.0 (Table 3).
Sample No.6, without HBsAg, was identified
as negative with OD/CO 0.4.

The high diagnostic capability of DIA-
HBsAg for standard serological samples,
including the ones with low HBsAg content,
was further corroborated by testing clinical
material obtained from hepatitis B patients
(Table 4). We used 22 blood sera, pre-checked
for HBsAg using commercial kits. To lower
HBsAg content, 8 samples were diluted with
sera of healthy donors after which the HBsAg
in them was confirmed again.

In investigating of undiluted sera from
hepatitis B patients OD/CO was 35.3—-51.2. The
value OD/OC barely changed (48.1-39.7) for
sample No.1 and secondary samples obtained
by its dilution 10 and 1000 times. In the
analysis of weakly positive samples obtained
after dilution of serum No. 13 in 150-1600
times, the ratio of OD/CO was in the range of
1.2-18.1.

Thus, research of diagnostic sensitivity
of the DIA-HBsAg kit on standard serum
panels and blood serum samples from
patients with hepatitis B patients with
different virus surface antigen titers showed
the kit’s ability to detect HBsAg in low
concentrations common for the early stages
of the disease.
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The diagnostic specificity of the DIA-
HBsAg kit was tested on 1177 sera of
nonselective donors. The ability of the test kit
to correctly analyze sera without HBsAg but
with various cross-reactive reagents that can
cause false positive results was established
by testing the sera with specific antibodies
to HCV, HSV1/2, CMV, and sera of blood of
pregnant women (Table 5).

One sample was determined positive when
investigated in DIA-HBsAg 1177 sera from
nonselective donors from various units of the
Ukrainian Blood Service. At the same time,
OC-I®PA-HBsAg-0,01 and BexkTopren B-HBs-
agtureH identified it as negative. The kit’s
specificity, calculated according to formula 1,
was 99.9%.

In the investigating of 174 sera with
potential cross-reactivity in DIA-HBsAg
kit was obtained single false positive result
for 1 serum out of 8 studied with antibodies
of class M to the herpes simplex virus. The
specificity parameter in thise experiment
was 99.4%.

Therefore, the DIA-HBsAg kit for
detecting the main serological marker of
hepatitis B — HBsAg, which appears early
in the acute stage and persists in the chronic
form, has a sufficiently high analytical and
diagnostic ability. The ELISA kit employs
amplificatory method of boosting a specific
signal combined with high-polymer enzyme
label. This construction allows to detect
low HBsAg concentration - International
standard HBsAg (NIBSC) in concentration
0.006 IU/ml, standard HBsAg Capricorn
subtypes ad and ay in concentration
0.006 ng/ml and 0.004 ng/ml, respectively.
Comparative research showed that DIA-
HBsAg kit was able to detect small HBsAg
concentrations more reliably than its
leading foreign analogues produced by
Abbott Architect, BioRad Monolisa Plus,
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Table 4. Results of testing DIA-HBsAg kit against blood sera of hepatitis B patients
with varying HBsAg content

No Serum (and dilution) Test kit IEA results in the DIA-HBsAg kit (OD/CO)
1 1 48.1
2 1(1/10) 47.3
3 1(1/100) 47.5
4 1(1/1000) 39.7
5 2 45.2
6 3 48.5
Immulite HBsAg
7 4 46.0
8 5 45.5
9 6 47.6
10 7 43.4
11 8 35.3
12 9 37.8
13 10 48.7
14 11 IOC-I®A-HBsAg-0,01 39.1
15 12 48.2
16 13 38.3
17 13 (1/150) 18.1
18 13 (1/200) Bexkropren B- 12.7
19 13 (1,/400) HISEIS;XTEFBQ:Ag 3.9
20 13 (1/800) 1.9
21 13 (1/1600) 1.2
22 14 51.2

Table 5. Specificity values for DIA-HBsAg kit obtained analyzing sera with interferent components
from nonselective donors

Samples Number of | Number of positive | Number of negative Specificity
samples results results
Interfering components in blood sera:
IgM/IgG to HCV 30 0 30
IgG to HSV1/2 32 0 32
IgM to HSV1/2 8 1 7
I IeG o FS2 1 o 2
IgG to CMV 16 0 16
1g6 to HSV1,2 24 0 24
IgM to CMV 8 0 8
IgM/ I1gG to CMV 3 0 ]
IgG to HSV1/2 99.4%
IgM/ 1gG to CMV 8 0 8
Pregnant women’s blood sera 24 0 24
Total: 174 1 173
Nonselective donors’ blood sera 1177 1 1176 99.9%
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Murex HBsAg 3.0, Roche COBAS. The high
diagnostic ability of the kit was confirmed
also by the results obtained for hepatitis
B patients. The kit correctly distinguishes
weakly positive sera of from negative ones.
Testing 1177 sera of nonselective donors

established the DIA-HBsAg kit specificity
to be 99.9% . The qualitative parameters of
the kit allow it to be widely used in specific
diagnostics of hepatitis B and to detect both
early and chronic stages of the disease,
making donated blood safer.
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JIATHOCTHYHA XAPAKTEPUCTHUERA
ELISA TECT-CUCTEMH
JJISI BUSHAYEHHSA IIOBEPXHEBOTI'O
AHTUTEHY BIPYCY I'EITIATUTY B

0. K. Kuceavosa', JI. A. Tanosa?,
0. M. qymarcl, T. IO. Tpoxumu Kl
B.T.Cepowk!, M. 4. Cnisar' 2

HIpAT «HBK «[liampod-Mex» », Kuis, Vkpaina
2IacTuryT Mikpo6iosorii i Bipycosorii
im. [I. K. 3abonoraoro HAH Vkpaiuu, Kuis

E-mail: ekiselova26@ukr.net

MeTto0 pob6oTu O0yJ0 BU3HAUUTU JiarHOCTUY-
HY 3JATHICTh iIMyHOEH3MMHOI TecT-cucTemu DIA-
HBsAg (HBK «Hianpod-Men»), B AKiit npuHIIAIT
aHaJIi3y 3aCHOBAHO Ha O0iOTHMHCTPEIITAaBiAMHOBIiH
amIutidikarii cnernudiunoro curnasy. JliarHocTu-
KyM BuAbiade 2-it Misxkraponauii crangapt HBsAg,
cyorun adw2, remorun A (NIBSC, code: 00/588)
B KoH1eHTparii 0,006 MO/mu, crangapt HBsAg
Capricorn cyorumy ad ta ay (USA) — 0,006 ur/mu
i 0,004 ur/mi BigmosigHo.

ITig wac mocaimsxenus maHe i cupoBatok PHA
106 M (BBI), 14 3paskiB aKo0i MicTATh HU3BKI
koumenTpanii HBsAg, Tecr-cucremMa BuUSBUJIA
MOro y BCiX MOBUTUBHUX CUPOBATKAX 3 BUCOKUM
cruisBiguomenuam OI'/cut off —11,9-40,7.

3a pesyJbTaTaM¥ aHaJidy maHeJli cupoBa-
Tok PHA 206 (BBI) 3 pisHuMu KoHIeHTpAIliAMHU
HBsAg miarHOCTMYHA 3JaTHICTH TECT-CUCTEMU He
nocrynaziacs ii sakopAoHHUM aHajsoram — Roche
COBAS i Murex HBsAg 3.0.

JiarHOCTUKYM KOPEKTHO PO3iisaB ciabomo-
3UTHBHI 3pa3ku Bepudikarinaoi nanemsi VHA 601
(BBI) — OI'/cut off 21,0-40,7 Big HeraTuBHOTO
(OT'/cut off — 0,4).

VY mporeci gocaimkenas 174 cupoBaTOK KPoBi
3 KPOCPEeaKTUBHUMMY KOMIIOHEHTAMH Ha renaTut B
OTPUMAaHO OAVH XNOHOIIO3UTUBHUN Pe3yJIbTaT IIiT
yac aHaJrisy 1 3paska 3 8 gocaig:KeHnx, AKi MicTu-
au IgM no HSV1/2. CnenudiuHicTh TecT-cucTeMu
3a pesyJsabratramu anaiidy 1177 noHopiB cTaHOBU-
na 99,9%.

Knawouosi cnosea: iMmyHoeH3MBHAa TeCT-CHUCTeMA,
miargocTuka, rematuT B, amamiTmunHa i giarmoc-
TUYHA YYTIUBICTD, CIIeIUPIiUHICTE.

JAUATHOCTHYECKAS XAPARKTEPUCTHERA
ELISA TECT-CUCTEMbBI OJIA
OITPEJEJEHHNA IIOBEPXHOCTHOI'O
AHTHUTI'EHA BUPYCA I'EIIATHUTA B

E.K.Kucenesa', JI. A. T'anosa?,
E.H. TIymaicl, T. IO. Tpoxumu?}cl,
B.T.Cepowk', H. 4. Cnusar?

1YAO «HIIK «[lnanpod-Mex» », Kues, Vrpanna
2MHCTUTYT MUK POGHOIOTHY ¥ BUPYCOJIOTUH
uMm. [1. K. 3ab6ororaoro HAH Ykpauns:, Kues

E-mail: ekiselova26 @ukr.net

ITenbio pab6oThl OBIJIO OIpeneseHUEe AUAa-
THOCTHUUYECKOM CIHOCOOHOCTH MMMYHOSH3UMHON
TecT-cucteMbl DIA-HBsAg (HIIK «duamnpod-
Men»), B KOTOpOIi MPUHIUN aHAJNX3a OCHOBAH
Ha OMOTHMHCTPENTABUAUHOBON aMOIU(PUKAINU
crnenuuyueckoro curuaiga. [[nariocTUKyM BBI-
asaaer 2-i1t MexxgyHaponusiil craagapt HBsAg,
cyorumn adw2, reaorun A (NIBSC, code: 00/588)
B KoHI1eHTpanuu 0,006 ME/mu, craugapr HBsAg
Capricorn (USA) cyoTuns! ad u ay — 0,006 Hr/mu
u 0,004 HTr/MJ COOTBETCTBEHHO.

ITpu ucciegoBanuu maHe u ckIBOpoToK PHA
106 M (BBI), 14 06pa3110B KOTOPOIi cOmepsKaT HI3-
Kue KoHmeHTpanuu HBsAg, TecT-cucTeMa BbISIBH-
JIa ero BO BCEX IT0JIOYKUTEIbHBIX ChIBOPOTKAX C BbI-
coxkuM cootHotrenuem OIl/cut off — 11,9-40,7.

ITo pesynbTaTam aHan3a NaHeJIUu CBIBOPOTOK
PHA 206 (BBI) ¢ pasauuHbIMU KOHIIEHTPAIU -
vmu HBsAg nuarsoctuyeckas CIIOCOOHOCTH TECT-
CUCTEMBI He yCTyIaJja ee 3apy0eKHBIM aHAaJIO-
ram — Roche COBAS u Murex HBsAg 3.0.

quarsocTUKyM KOPPEKTHO pasaeisii cj1aboIro-
JIOXKUTEJbHBIe 00pasIibl BepuUKAIMOHHON ITaHe-
au VHA 601 (BBI) — OII/cut off 21,0—-40,7 ot
orpunareabroro (OII/cut off — 0,4).

ITpu ucciaemosanuu 174 CEIBOPOTOK KPOBU C
KPOCC-PEaKTUBHBIMU KOMIIOHEHTaAMU HA T'ellaTUT
B mosryueH oiuH JIOKHOIIOJIIOKUTENBHBIN Pe3yib-
TaT npu aHaause 1 obpasiia u3 8 nuccaeT0BaHHBIX,
KoTopsIie comepaxanu IgM k HSV1/2. Coenuduu-
HOCTb TECT-CHCTEMBI II0 pe3yJbTaTaM aHaJIu3a
1177 nonopos cocrasuiaa 99,9% .

Knwuesvle cnoséa: WNMMYHOSH3WMHAas TeCT-
cucreMa, JUATHOCTUKA, TelaTUT B, aHaiIuTmue-
CKad U JAuarHocTuudeckKas UYYyBCTBUTEJIbHOCTD,
CIIeIIN(PUUHOCTb.
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