Available online at www.ijmrhs.com

. International Journal of Medical Research &
ISSN No: 2319-5886 Health Sciences, 2016, 5, 9:81-89

Cross Reactivity Values in Hepatitis C Infection ad a Solution to Detect True
Positive Serums by Third Generation of ELISA Test

Ali Kargar Kheirabad *, Gholamreza Farshidfar and Hamed Gouklanf*

lDepartment of Virology, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran
“Department of Biochemistry, School of Medicine, Hormozgan University of Medical Sciences, Iran
3Molecular Medicine Research Center, Hormozgan University of Medical Sciences, Bandar Abbas, Iran
*Corresponding Email: gouklanih@gmail.com

ABSTRACT

A large number of healthy donors being falsely labeled as carriers of HCV (false-positive) due to the cross reaction.
The low specificity of the enzyme immunoassay (EIA) tests for the anti-HCV antibodies is responsible for this event.
To examine the cross reactivity values of different Hepatitis C Virus antigens and purpose a solution to detect true
positive results by third generation of ELISA. A total of 988 blood samples were participated in this study and two
kinds of ELISA tests were used in all of the samples. single-antigen ELISA and third generation of ELISA. Tests set
up procedures were perfomed by appropriate concentrations of antigens and conjugated titer for each test.
Thereafter, all true positive samples were examined to determine IgG subtypes. The highest antibody response was
against core HCV protein (85%) followed by N4, NS5 and NS3 respectively. It was observed that high percentage
(95%) of samples with S'Co > 4 in third generation of ELISA had positive RIBA tests (p value < 0.001). It was also
demonstrated that NS3 and NS4 antigens were diagnosed simultaneously more (in compare with NS5 and Core24)
in ¥Co > 4 samples (p value = 0.006). The highest produced antibody during HCV infection was 1gG1, significantly
(P=0.023). In conclusion, if the S'Co of third generation of ELISA is more than four or the samples were positive in
NS3 and NS4 single antigen ELISA tests, the RIBA test will be positive which indicated true positive results.
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INTRODUCTION

Hepatitis C virus [HCV] is a highly heterogeneousARvirus which is one of the most important causédiver
cirrhosis and hepatocellular carcinoma [1, 2]. HiS\Able to persist for a virtually indefinite peatiof time in the
host [3] due to the ability of the virus to undemgpid and substantial sequence modifications [4FB¢ anti-HCV
antibodies can be detected 7-8 weeks after infectid usually persist for life [7, 8]. Diagnosislb€V infection
can be established readily by sensitive and spesiirological assays which incorporate a mixtureviodl
polypeptides on the solid phase. The initial téstt is typically used is called an enzyme-linkednamosorbent
assay or ELISA. It looks for the antibodies to H@¥t the immune system develops in response tafeation [9-
12]. The HCV polyprotein is processed by the hast giral proteinases to produce at least ten foneli viral
proteins including [from the amino to the carboxgtminal]: core [C], envelope [E] 1, E2, p7, nordstural
antigens [NS] 2, NS3, NS4A, NS4B, NS5A, and NS5R, [13-15]. Therefore, the third generation of eneym
linked immunosorbent assay [ELISA] includes foucambinant proteins derived from the core and three
nonstructural regions [NS3, NS4, and NS5] of HCW,[17]. In fact, both structural proteins, suchtees putative
nucleocapsid protein, and nonstructural region petyides, such as NS3, NS4, and NS5 can be esedlisadily
by serological assays. However, HCV envelope pnetéiave never been included in commercial immurayass
due to the considerable sequence heterogeneity gawical isolates [10, 18, 19]. There is evidencatth high
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percentage of patients who are positive for anpiaiis C virus [HCV] antibody have hepatitis Ceanfious, but a
large number of healthy donors being falsely lathels carriers of HCV [false-positive] due to tledatively low
specificity of the enzyme immunoassay [EIA] testsdnti-HCV antibodies [20-24]. False-negative tessalso may
arise in immunocompromised patients, such as tlate human immunodeficiency virus [HIV] infectionr o
uremia. In the context of HIV infection, the HCVrseonversion delay is often prolonged and leadbedfailure of
reactivity of current anti-HCV antibody detectiogsts [8, 25, 26]. Therefore, results obtained b4 Bted to be
confirmed by additional testing. The diagnosis @\Hinfection can be supported or confirmed by teombinant
immunoblot assay [RIBA] or tests for HCV RNA which too laborious and expensive to perform reguladya
confirmatory assay. Thus, the RIBA test definedaasonfirmatory assay. It consists of recombinarttgns
identical to those in the EIA test [27-29]. Theseevidence of cross-reaction of the ELISA test vetitibodies
against other viruses, for example the cross-ngacof HCV epitopes with the Flu-NA peptide wasselved in
several studies [30-32]. Infact, an influenza vipeptide derived from neuraminidase 231-239 [FlulNAd an
HCV CTL epitope from NS3 1073-1081 [HCV-NS3], bath which are HLA-A2 restricted. This similarity was
responsible for cross reaction of HCV proteins wettibodies against influenza virus. Thus, crosstien of HCV
proteins caused false-positive results in serobdgists, particularly ELISA [33]. Mondelli et and Puntoriero et
al. indicated an important role of hypervariablgioa 1 [HVR1], which is located at the N terminusemvelope
protein E2, in cross reactions of HCV ELISA tes#l,[35]. In a recent study, Scarselli et al. alsoviged
supplementary evidences for the existence of arastive antibodies to HVR1. They observed thissn@action
in a significant proportion of patients with documted chronic HCV infection [36].

Objectives
In present study, we evaluated cross reactivityeslof different Hepatitis C Virus antigens andpmsed a solution
to detect true positive results by third generatd&LISA.

MATERIALS AND METHODS

Patients and Serums

A total of 988 blood samples were consecutivelyemtéd from three patient groups which referredhsTehran
Blood Transfusion Organization in 2Q1Bealthy controls, false positives and HCV paserithe 475 healthy
individuals in the control group were seronegafioethe HCV, HIV, and hepatitis B surface antigdtBEAQ)
ELISA tests, and had liver aminotransferases (Abd AST) values within normal limits. One hundregtgieight
participants in false-positive group were seropassifor the HCV ELISA test and seronegative for REBA test
(HCV bilot 3.0; Genelabs Diagnostics®, SingaporejcWlis routinely used to confirm positive reswfsELISA in
the Tehran Blood Transfusion Organizatiofhe 345 patients in the HCV group were positive foth the HCV
ELISA test and RIBA test, negative for HIV infeatiand HBsAg. Experiments in this study were basedhe
third-generation HCV antibody enzyme immunoassalZI$B& 3) which was followed by RIBA test as a
confirmatory assay. In fact, subjects were scrednedhe presence of anti-HCV antibodies by thiehgration
enzyme immunoassay and positive results were eoefirby third generation immunoblot assay (RIBA Ai.
immunoblot test is considered positive if two or m@roteins react and considered indeterminatenly one
positive band is detected. All participants prodderitten informed consent before enrolment andrdrmation
were kept confidential and those not consentinggiticipate in the study were excluded.

Tests Set up Procedure

Two kinds of ELISA tests were used in this studpgke-antigen ELISA and third generation of ELISBEIA 3).
Both of these tests were employed for all samptesingle-antigen ELISA, only one type of HCV arits (NS3,
NS4, NS5, Core24) was coated in a polystyrenebftdtomn ELISA plate, however in EIA 3 all four argigs
simultaneously were coated. We used IgG conjugatétRP as conjugate, which can detect all subtgbdsiman
IgG antibodies. For each test, appropriate conagatr of antigens and suitable conjugated titéer(in which it has
the highest OD in positive controls and lower tBah OD in negative controls) were determined bydRee Board.
The appropriate conjugated titer was 1:35000 fosiable-antigen tests and 1:25000 for EIA 3. Théer, cut off
value of each test was evaluated by testing alatieg samples. It was calculated for single-antitgest by the sum
of mean OD of negative samples and 2 x standaratitmv of OD in negative samples as well as El&& by sum
of mean OD of negative samples and 3 x standartitmv of OD in negative samples. Finally, S/Cdast(the
ratio of the actual EIA test reading (sample =@&)he cutoff (C) value for the test) for third gestéeon of ELISA
test were calculated. Single-antigen ELISA also wedormed on all false positive and true posithanples to
detect the cross reaction and antibody responsesags each HCV antigens, respectively. Antigeresavcoated
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with concentration obtained above, for each antigeexamine IgG subtypes. However, anti-human |gé&ti

human IgG2, anti human IgG3 and anti human IgG4twhiere conjugated to HRP used as conjugates,aepar
Titration was conducted as mentioned above to aeterthe proper titers for these conjugates amaé calculated
1:10000, 1:8000, 1:10000 and 1:5000, respectividten, cut off value of each conjugate was examimetesting
all negative samples as mentioned for single-anttgsts and all true positive samples were examioeltermine
IgG subtypes. All of the mentioned antigens werdpced by RPC Russian Company (Table 1).

Table 1. Recombinant antigens

Recombinant antigens Concentration (pg/ml)
E.coli derived recombinant Core 24 (genotype 1hparacids 2-119) 2
E.coli derived recombinant NS3 (genotype 1a, amirids 1192-1459) 0.5
E.coli derived recombinant NS3 (genotype 1b, anaicids 135-1459 05
E.coli derived recombinant NS4 (Mosaic amino acid§1-1710, 171-1733, 192-1940 from genotypes 1,2,3 0.E
E.coli derived recombinant NS5 (genotype 1b, anaicids 2061-2302) 0.5

Coating and ELISA Procedure

Antigens were dissolved in methanol at a concentrabf 1.0 mg/ml, and then diluted in 0.1 M carbena
bicarbonate buffer, pH 9.6, in different concentnag (0.5-5pg/ml) and 10Ql was added to each well of a
polystyrene flat-bottom ELISA plate (96 well Micr@dV™ MaxiSorp™ flat bottom plate). Plates were ibated
overnight at 4°C and then washed three times wif |8 Phosphate Buffered Saline (PBS) containing 0.05%
Tween 20, pH 7.4. The nonspecific binding of immglobulins was prevented by adding a mixture of 1li8¢ine
serum albumin (BSA), 3% threhalose and 1.5% gelatiRBS, and then incubating for 1 h at room terapee.
After the incubation period, plates were emptied allowed to dry completely at room temperaturetilurse in the
test, plates were stored in the zip-lock plastigdia a desiccator for more than 6 months at 4 °© @lda shows the
buffers used in this study.

Table 2. Buffers and diluents

Buffers and diluents Contents

Coating Buffer Carbonate buffer, PH=9.6

Blocking Buffer PBS buffer + %2 proteinase free BSA + threhalose %3% gelatin

Washing Buffer %0.02 tween 20+PBS

Sample Diluent 50 mM Tris, 0.14M NaCl, %1 BSA, 0.05% Tween 20, fa2mal Goat serum, Ethylen Glycol %0.01, pHz 8
Conjugate Diluent 50 mM Tris base, 0.14 M NaCl, %1 BSA, %0.05 tweén%0.01 mouse serum, pk

Stop solutior 0.1M HCL

In the next step, 20Ql of the sample diluent was added per well, folldwey addition of 10ul of samples or
positive and negative controls to the respectivéiswehaking for 10 seconds and incubation at 3#dtCL hour.
Thereafter, plates were washed five times as inatheve and 10Qd of the appropriate diluted conjugate in
conjugate diluent was added per well and incubategl7 °C for 30 minutes. Mouse polyclonal type $fieanti
human IgG (types 1, 2, 3, 4) were used in the gatpisample to determine the type of produced edigls. They
were again washed for five times as above andvedelO0ul of the TMB reagent per well with a multichannel
pipette. Then, they were incubated in dark at reemperature for 15 minutes. Finally, 1p0of 0.1M HCL (stop
solution) was added to the wells and the opticakig (O.D.) was read at 450 nm and 630 nm by me&lt ISA
Reader (BioTech).

Statistical analysis
The results were analyzed using SPSS for windowsl@ase 12.0 (SPSS, Chicago, IL, USA). Studentttdes
Manne Whitney test was used for the baseline clteniatics of patients. Data were also analyzed Witirsquare
test or the Fisher's exact test and correlationsewdetermined by means of Pearson’s test. Diffagngere
considered significant if thp value was less than 0.05. GraphPad Prism for Wis@orelease 6.0 was also used
for graphs.

RESULTS

Of the 988 subjects in the study, 257 (26%) werenew and 731 (74%) were men. We evaluated antibody
responses against core, NS3, NS4, and NS5 HCVipsot®ur findings showed th#te highest antibody response
was against core HCV protein (85%) followed by NE&5 and NS3 (54%, 50%, and 418spectively) as shown

in figure 1.
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Figure 1. Humoral antibody response against HCV prteins indicated high sensitivity of human immunologal system in response to the
Core 24 protein, 85% followed by, NS4 (54%), NS5 (B6) and NS3 (40%)

It was observed that high percentage (95%) of sasnpith S/Co > 4 in third generation of ELISA hadeast two
positive single antigens ELISA tesis {alue < 0.001). These findings approve a trueetation between ELISA
test results with S/Co over four and RIBA positresults, since RIBA test is considered positive nvtveo or more
antigens are detected. In fact, we can concludeifitae S/Co of third generation of ELISA is mdiren four, the
RIBA test will be positive. It was also demonsttathat NS3 and NS4 antigens were diagnosed sinadtesty
more (in compare with NS5 and Core24) in S/Co >arh@es fp value=0.006). Thus, the samples which were
positive in NS3 and NS4 single antigen ELISA tewf#l,also have positive RIBA test, almost certginl

To evaluate the cross reactivity of false positbenples, different hepatitis C Virus antigens idiolg Core24,
NS3, NS4, and NS5 were employed in the experimefat single antigen coating in which observed creastions
were 18%, 24%, 29%, and 41%, respectively. In &dit2% of samples had cross-react with both NS#NS5.
Therefore, most of the cross reaction was showt wiin-structural proteins, included NS5, NS4 and3NS
respectively and the lowest cross reaction was sheith the core structural protein (Figure 2).
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Figure 2. Single-antigen ELISA was performed sepataly on all positive samples to detect the crossaetion among HCV antigens. It
recognized NS5 as the main protein in cross reactie which is responsible to detect false positives

Type of produced antibodies was determined usings&@olyclonal anti human IgG in the conjugate. Mygerved

the highest produced antibody during HCV infectieas IgG1 significantly, as shown in figure 3 (P=ZB] In fact,
according to table 3, produced IgG1l against NS54,N$S3 and core antigen were %72, %68, %80 and %95,
respectively
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Figure 3. Anti-human IgG1, anti human 1gG2, anti human IgG3 and anti human IgG4 which were conjugatedo HRP used as
conjugates to determine IgG subtypes in all true psitive samples. The graph shows IgG1 as the mainktype in response to all four
HCV antigens which is followed differently in various HCV antigens

Table 3. Percentage of IgG subtypes antibodies agat HCV antigens

IgG subtypes | % of antibodies against HCV antigens
Core24 NS3 NS4 NS5
IgG 1 95% 80% 68% 2%
1gG 2 12% 35% 30% 30%
IgG 3 10% 10% 15% 12%
19G 4 63% 15% 27% 18%
DISCUSSION

Various antibodies in serum of an HCV infected grattibecome evident at different intervals fromtitree of initial
inoculation. Anti-core antibodies against the nachkgsid protein [as the first antibody to appear be detected by
the time ALT is peaking [37]. Infected patients guce antibodies reactive with the core [C] protaiwell as
nonstructural proteins of HCV within days to weelfter beginning of clinical symptoms. However, puaitve
antibodies have not yet been recognized [38-40iRgs of this study demonstrated that the pergentd antibody
response against core HCV protein was the highnedtfollowed by NS3, NS4 and NS5 proteins, respebti
Kanesaki T et al. conducted a similar action inalitihey examined immune response against diffenetigens of
HCV in Japanese children with hemophilia and indidathat the percentage of children with seropasitifor
C100, core, NS3, and NS5 proteins in one or moeeisgens was 82%, 91%, 91%, and 89%, respectivélgy T
also found, antibodies to the core and NS3 antigeare detected earlier and persisted longer thaeretafter HCV
infection [41]. In continue to features of coretgin, Medhi et.al, indicated that the HCV core geti assay is more
sensitive and may be useful in the early phasefetiion before seroconversion [42] which was alsofirmed by
the findings of Lorenzo et.al [43]. In fact, thedegy of HCV infection does not follow the claszipattern of IgM
response observed in other viral infections, siheeay be absent, late or persistent after HCVdtié and does
not correlate with the histologic activity [37]. bontrast with these results, Netski et al. evaldammunological
responses in acute infection [44]. Probably, thes#radictions are related to different types dfgans or different
immunological responses in various populationsaad immunological status or infection course dfgrds. Thus,
further studies on more people in other commundiesrequired to shed light on this claim.

In this study, we observed that high probabilit$%§] of positive RIBA test was in samples with S/@drn ELISA

test, which was also reported by Bar-Shany S eftedy demonstrated that subjects with positive RiBsults are
donors with high ratios [S/C > 3] [20]. On the atlimand, findings of Y. Lazizi et.al study indicdtthat ELISA is
more sensitive than RIBA Il for the detection oftidhCV antibodies [45]. As regards the ELISA testmore
sensitive compared to RIBA, Cheng et.al showed BidEA based on the antigen-sandwich [core, NS Hid

NS5 antigens] principle had higher sensitivity aspkcificity [46]. The RIBA test is commonly integted as
positive when 2 or more antigens from differentgendeterminate when 1 antigen, or negative whentens
had positive band [47]. Interestingly, results of study illustrated that when 2 or more antigeres @ositive in
ELISA test for single antigen, S/Co ratio of samipléhe third generation ELISA test for all antigeis over four.
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This suggests that there is a true correlation éetmELISA and RIBA tests, in fact RIBA tests cancoasidered
positive whenever S/Co of EIA 3 is more than four.

There are many studies associated with false-pesitsults by RIBA which has lower sensitivity ahigher
specificity in compare with third generation of BA. These studies indicated that cross reactidialé®e-positive
results are more focused on non-structural [NS3 [488] antigens [48-50] which were approximatelyrfdun
present study since it was observed in NS5, NSAN{B8 antigens, respectively. However, in our stugggle
antigen ELISA tests were performed on each seruimdeease specificity of ELISA to make our findingsre
reliable in compare with previous studies. Thishhiioss reaction with non-structural proteins maydue to
similarity between functional domains of these eid with other similar proteins in infectious allalar genes.
Interestingly, several studies reported that oreaor of false-positive results in serological testscial for HCV
ELISA is vaccination or infection with influenzarus. Also, vaccination or infection with influenaarus
considerably is responsible for false-positive ltasn other ELISA tests for HIV or HTLV-I [51-53]n this regard,
other factors contributing to the false-positiveules of HCV ELISA are infection with parasitic worsuch as
schistosoma and the presence of autoimmune maskehsas ANA, AMA, SMA and LKM [54]. Fasciola inféah
[55], syphilis [56-58], and autoimmune hepatitisr@sponse to steroid treatment can also increaseath of false-
positive results in the HCV ELISA test [59]. In diiloh to mentioned results, we found that betwe#n g
subclasses [IgG1, 2, 3, 4], IgG1 was the highestiyzed antibody against HCV infection which is $amto the
findings of Netski et al., that reported IgG1 aganaesponse in the HCV infection [44, 60]. Genlgral contrast to
HCV [since isotype switching occurred only in cargigen], most of chronic human viral infectionsginty extract
both 1gG1 and 1gG3 isotypes with lower productidigis2 and IgG4 antibodies [61]. Similar to HCV Ggsotype
restricted antibody responses were observed in@pgof asymptomatic chronic HBV infections [62],dEgin—Barr
virus infection [63], and visna virus infection gheep [64]. This restriction of antibody responagainst HCV
antigens may be due to a skewing of T-helper sapbsat suggested in some asymptomatic HBV carrgdf |
However, unlike HBV infection, no correlation wadentified between symptomology and IgG1 restriction
chronic HCV infection. Therefore, the lag of IgG igling in HCV infection can cause limited T-helpesll
function specific for the HCV antigens instead &éwing of T-helper cell subsets. Biological funatsosuch as
binding to macrophages and other phagocytes, ttgubaf activation of the classical and alternatbaenplement
pathways and placental transfer varies among theahugG isotypes. Therefore, a variety of 1gG ipetyrequired
to intercede a complete spectrum of biologicalcensti Unfortunately, an antiviral humoral resporagély limited
to a single IgG isotype, not be expected to mediffieient viral neutralization and clearance methms. This
suppression pattern of host immune response mayduee to the core protein [65-67]. However, further
investigations are required to illustrate this fdeat conclusion, the data presented in this stuatygest further
studies on seroconversion samples with acute HG@&tiion and generated IgM antibody against diffedd@V
antigens. Indeed, generated antibody classes nvaglréhe probable direction of serological and imwlagical
response in HCV infection and also the antigen hicivacute HCV infection could be diagnosed.
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