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Drug Resistance to HCV in Direct-Acting Antiviral
Treatments

Dogrudan Etkili Antiviral Tedavilerde HCV llac Direnci

® Murat Sayan'.2

1Kocaeli University Training and Research Hospital, PCR Unit, Kocaeli, Turkey
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ABSTRACT

Approved treatment protocols for hepatitis C virus (HCV) include
direct-acting antiviral drugs (DAA), which consist of NS3 protease
inhibitors (PI), NS5A replication complex inhibitors, and NS5B
polymerase nucleoside and non-nucleoside inhibitors (NNI). First-
generation DAAs are effective in specific genotypes (GT), such
as NSbHAIs (dasabuvir), Pls (asunaprevir, grazoprevir, paritaprevir/r,
and simeprevir), and NNIs (ledipasvir, ombitasvir, and elbasvir).
Second-generation DAAs are “pan-genotypic” and include NS5AIls
(velpatasvir and pibrentasvir), Pls (voxilaprevir and glecaprevir),
and an NSBNI (sofosbuvir). DAAs can potentially cure people with
hepatitis C. However, although generally well tolerated, DAAs have
not been observed to produce sustained virological response in
some patients. Resistance-associated amino acid changes (RAS),
which can lead to treatment failure, may be the reason for this. The
RASs can occur naturally or during treatment and are influenced
by various factors such as the treatment plan, HCV-GT/subtype,
and endemic characteristics. While there are no standardized tests
for investigating HCV-RAS, Sanger dideoxynucleotide sequencing-
based approaches are generally reliable, even though their
sensitivities range from 10% to 25%. However, new generation
sequencing techniques are more sensitive and can detect variants
with a prevalence of 1%, despite some ongoing debate about the
clinical significance of variants at this level.

Keywords: Hepatitis C, HCV, direct-acting antiviral, drug resistance

0z

Hepatit C viris (HCV) icin onaylanmis tedavi protokolleri, NS3
proteaz inhibitorleri (Pl), NS5A replikasyon kompleksi inhibitorleri
ve NS5B polimeraz nikleozid ve non-nikleozid inhibitérlerden
(NI1) olusan direkt etkili antiviral ilaglari (DAA) igerir. Birinci nesil
DAA'lar, NS5Al'lar (dasabuvir), Pl'lar (asunaprevir, grazoprevir,
paritaprevir/r ve simeprevir) ve NNI'lar (ledipasvir, ombitasvir ve
elbasvir) gibi spesifik genotiplerde (GT) etkilidir. ikinci nesil DAA'lar
“pan-genotipiktir” ve NS5AI'lari (velpatasvir ve pibrentasvir), Pl'lari
(voksilaprevir ve glekaprevir) ve bir NSBNI'yi (sofosbuvir) igerir.
DAA'lar, hepatit C'li hastalari potansiyel olarak tedavi edebilir.
Ancak, genellikle iyi tolere edilmelerine ragmen, DAA'larin bazi
hastalarda kalici virolojik yanit saglamadigi gdézlemlenmistir.
Tedavi basarisizligina yol acabilen direngle iliskili aminoasit
degisiklikleri (RAS), bunun nedeni olabilir RAS'ler dogal olarak
veya tedavi sirasinda ortaya cikabilir ve tedavi plani, HCV-GT/alt
tipleri ve endemik 6zellikler gibi cesitli faktorlerden etkilenir. HCV-
RAS'leri arastirmak icin standartlastirimis testler bulunmamakla
birlikte, duyarlliklari %10 ila %25 arasinda degisse de Sanger
dideoksintkleotid sekanslama genellikle guvenilirdir. Bununla
birlikte, yeni nesil siralama teknikleri daha hassastir ve klinik dnemi
hakkinda devam eden bazi tartismalara ragmen, % 1'lik prevalansa
sahip varyantlari saptayabilir.

Anahtar Kelimeler: Hepatit C, HCV, direkt-etkili antiviral, ilac
direnci
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Introduction

According to the World Health Organization (WHO),
approximately 58 million individuals across the globe are currently
living with hepatitis C infection. Even children and adolescents are
not spared, as an estimated 3.2 million people are affected by this
infection. Shockingly, approximately 79% of these cases have not
been diagnosed, and only 13% have received treatment. Although
hepatitis C virus (HCV) is still prevalent among specific populations,
such as intravenous drug users (IVDUs) and homosexual men,
there is good news. Direct-acting antiviral drugs (DAAs) can
potentially cure people with hepatitis C. However, limited access to
diagnosis and treatment worldwide is still a concern (1,2).

Viral Fitness

HCV is a type of RNA virus with a single strand that falls under
the hepacivirus genus of the Flaviviridae family (3). The genomic
RNA of HCV is ~9.6 kb, and the RNA-coding polyprotein precursor
is ~3000 amino acids in size. The genome organization of HCV
is shown in Figure 1. HCV has a remarkably high daily replication
rate of 102 virions. The virus's NS5B polymerase activity, which is
responsible for RNA-dependent RNA polymerase, has a significant
error rate of 10% to 10° per base pair copied and lacks error
correction capabilities (3,4). This error rate generates mutant variants
during viral replication, resulting in the replicative HCV population’s
significantly increased genetic diversity. Research suggests that
this genetic diversity may lead to speciation associated with
resistance to therapies (5).
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Figure 1. Genome organization of HCV. Genomic RNA is ~9.6 kb, and
RNA encoding polyprotein precursor is ~3000 amino acids (6-8)
HCV: Hepatitis C virus

AASLD/IDSA 2023 Guideline

Guidelines for diagnosing, treating, and managing HCV
infection were released for the first time in 2013 by the American
Association for the Study of Liver Diseases (AASLD) and the
Infectious Diseases Society of America (IDSA) (www.aasld.org).
These guidelines aimed to provide clinicians with unbiased and
evidence-based recommendations. Second-generation DAAs have
proven to be highly effective in eliminating hepatitis C, which is
critical for achieving the WHO-HCV elimination targets. Although
generally well tolerated, some patients may not achieve sustained
virologic response (SVR). This can occur because of resistance-
associated substitutions (RAS), which can cause treatment failure
(9,10). Approved DAAs for hepatitis C treatment according to first-
and second-generation specifications by the European Medicines
Agency and the U.S. The Food and Drug Administration are shown
in Table 1. However, the preferred treatment/retreatment regimens

for HCV-infected patients according to the AASLD-IDSA 2023
update guide are shown in Table 2.

Table 1. Direct-acting antivirals approved for hepatitis
C treatment according to first- and second-generation
specifications (5,11,12)

HCV drug | Direct-acting antiviral
class First generation Second
target 9 generation
Simeprevir, grazoprevir, Glecaprevir,
NS3PIs i ; ! I !
asunaprevir, and paritaprevir/r | voxilaprevir
NS5Als Daclatgsvnr, Ied|pa.swr, . P|brentasY|r,
elbasvir, and ombitasvir velpatasvir
NS5B 1 .
sz NY Dasabuvir Sofosbuvir

HCV: Hepatitis C virus, NS3PIs: NS3 protease inhibitors, NS5Als: NSBA
replication complex inhibitors, NS5B NI/NNI: NS5B polymerase nucleoside and
non-nucleoside inhibitors

Table 2. Preferred treatment/retreatment regimens for HCV-
infected patients in the AASLD-IDSA guide 2023 update (13)

HCV-DAA DAA Brand
treatment Manufacturer | Country
target . name
regimen
Grazoprevir/ ! Rahway,
NS3PIs + elbasvir e | MSD NJ, USA
NS5AIs Gl | North
containing | =, ecaprewr/ Maviret | abbVie Chicago,
pibrentasvir IL. USA
. . San
Is_gg)lgzz\\l/li:/ Harvoni | Gilead Dimas,
CA, USA
. San
9 CA, USA
Voxilaprevir/ San
velpatasvir/ | Vosevi Gilead Dimas,
sofosbuvir CA, USA

HCV: Hepatitis C virus, AASLD: American Association for the Study of Liver
Diseases, IDSA: Infectious Diseases Society of America, DAA: Direct-acting
antiviral, NS3PIs: NS3 protease inhibitors, NS5Als: NS5A replication complex
inhibitors, NS5BNIs: NS5B polymerase nucleoside inhibitors

Direct-Acting Antivirals

The treatment of hepatitis C has progressed significantly
because of the development and authorization of DAA medications.
More than 95% of cases are cured when a patient achieves SVR.
Approved treatment plans for HCV now include DAAs, which
consist of NS3 protease inhibitors (Pls), NS5A replication complex
inhibitors (NSBAIs), and NS5B polymerase nucleoside (NS5BNIs)
and non-nucleoside (NS5BNNIs) inhibitors. First-generation DAAs
are effective in specific genotypes (GT), such as NS5AIs (dasabuvir),
Pls (asunaprevir, grazoprevir, paritaprevir/r, and simeprevir), and NNIs
(ledipasvir, ombitasvir, and elbasvir). Second-generation DAAs are
“pan-genotypic” and include NS5AIs (velpatasvir and pibrentasvir),
Pls (voxilaprevir and glecaprevir), and an NSBNI (sofosbuvir) (Table
1) (https://www.hcvguidelines.org/).
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Resistance-Associated Substitutions

It is crucial to consider that RASs may hinder the success of
DAA treatments for hepatitis C. Depending on the current DAA
and HCV-GTs, Table 3 lists the most common RASs found in
the NS3, NSbA, and NS5B drug target areas. These RASs can
occur naturally or during treatment and are influenced by various
factors such as the treatment plan, HCV-GT/subtype, and endemic
characteristics (14).

Conducting HCV resistance analysis has become increasingly
crucial for improving the effectiveness of treatment and avoiding
the reemergence of HCV-resistant variants for DAAs. Although
there are no standardized tests for investigating HCV-RAS, Sanger
dideoxynucleotide sequencing-based approaches are generally
reliable, even though their sensitivities range from 10% to 25.0%.
However, new generation sequencing (NGS) techniques are more
sensitive and can detect variants with a prevalence of 1%, despite
some ongoing debate about the clinical significance of variants at

Table 3. Resistance-associated substitutions are natural or acquired after a failure to a DAA regimen in the HCV-NS3, NS5A, and
NS5B drug class targets according to the latest-generation DAA and HCV genotype (5,11,12,15-17)

HCV HCV-RAS patterns associated with treatment failure considering HCV genotypes
drug Direct-acting
class antiviral GT1a/b GT2 GT3 GT4 GT5 GT6
target
V36M, Q80K/R,
) ) V36M, Q80K/R, S122R/T, S122R/T, R155K/
Simeprevir | p156K/G/T, D16SAEFHNN/T | VA e GIT, D16SAEFH, | VA NE
N/V/T
V36L/M, Y56F/H, Q80K/L, D168A/C/
Grazon el R155G/I/K/L/Q/S/T, A156G/M/ NA NA A156S/T, D168A/C/ NA E/G/K/N/
P V/T, V158A, D168A/C/E/G/H/ E/G/K/NN/Y VY
K/NN/IY
NS3 Asunaprevir | Q80K/L, D16SA/E/H/Q/TV/Y | NA NA NA NA NA
Paritaprevir/r ;2/5'\?;/3 1S5 C/E/G/ NA NA \C{;?I?/I-l:l /5/158A/C/ B/ NA NA
V36M, Y56H/N, Q80K/R, \ézg“lé'/'RY;ﬁ"S'g'\#
Glecaprevir S122G, R155T, A156G/T/V, No RASs i ’ ND ND ND
and Q168A/K/L/RIV . ond
Q168A/K/L/R
Voxilaprevir Q80K, A156L/T/V No RASs No RASs A156S No RASs | ND
M28A/T, Q30E/H/K/R,
Daclatasvir L31IF/M/V, R30H, H58D, and ND A30K, L31I, YO3H b;SSACA//IEI/ L3OH/R/S, ND ND
Y93C/H/I/N/R
K24R, L28M, M28A/T/V, Q30E/ L28M, L30H/R,
Ledipasvir H/K/R/Y, L31F/I/M/V, S38F, NA No RASs M31L/V, T/P58L, NA NA
H58D, A92T, and Y93C/F/H/N and Y93C/H/S
M28A/G/S/T, Q30D/E/G/H/K/ L28M/S, L30H/R,
Elbasvir R/Y, R30H, L31F/I/M/V, H58D, NA NA M31L/V, P58D, and | NA NA
NS5A and Y93C/H/N/S Y93C
L28M, M28T/V, Q30E/H/K/L/
Ombitasvir R/Y, R30Q, L31F/M/V, H58D, NA NA k:;fgvlfgsH NA NA
Y93C/F/H/L/N/S '
K24R, M28A/G, Q30K/R, S24F, M28G/K,
Pibrentasvir | L31F/M, P32del, H58D, and F28C, L31M | A30G/K, L31F/I/M, | ND ND ND
Y93H/N P58T, and Y93H
Veloatasvir | M28T/V Q30E/H/K/LIR, L31/MN, ASOKN, L3IMPN, | ND ND
P L311/M/V, YO3C/H/L/N/R/S/W/T | YO3H E92K, Y93H/N/R
C316H//N/Y, M4141/T/V,
Dasabuvir Y448C/H, Ab53T/V, G554S, NA NA NA NA NA
S556G/N, G558R, D559N/G
NS5B
L159F + C316N or L320F ';:i%';;fﬂ:g'\;
Sofosbuvir L159F + V321A, S282G/R/T S282T i S282C/T S282T S282T
+ V321A, and
S282R/T

DAA: Direct-acting antiviral, HCV: Hepatitis C virus, NS: Non-structural, RAS: Resistance-associated amino acid substitutions, GT: Genotype, NA: Not applicable, ND: No

data
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this level. There is still some controversy regarding the therapeutic
importance of mutations below 15% in patient samples (18).

Aspects for Clinics

For pan-genotypic DAA regimens, baseline RAS resistance
testing is generally not recommended for velpatasvir/sofosbuvir
and glecaprevir/pibrentasvir. It is worth mentioning that NS3 RASs
can result in Q80K in up to 40% of patients with HCV-genotype
1a (GT1a), whereas NS5A RASs may be present in 5% to 15% of
patients. For some cases, conducting a baseline RAS resistance
analysis could be advantageous in identifying the best DAA
treatment for patients with HCV-GT3 infections who have not been
treated before. In hepatitis C, drug resistance is typically linked to
RASs emerging due to DAA suppression. Notably, RASs in HCV
can revert to their wild type, which can take several months for the
NS3 gene region and years for the NS5A gene region (17,19,20).

The guidelines for treating GT1a infection have been updated
in the IDSA 2023 guidelines, and the recommended treatment
regimen has been revised. The previous suggestion of using
elbasvir/grazoprevir has been substituted with a different treatment
plan because it is necessary to conduct a baseline RAS analysis.
The updated guidelines now suggest NSbA RAS analysis for
treating HCV-GT3 infection with compensated cirrhosis and for
initial treatment in adult patients infected with HCV-GT1-6. It
is recommended to add ribavirin by weight or follow another
recommended course of therapy if the natural prevalence of RAS
is greater than 5% and baseline NSBA RAS Y93H is present (13).

Research has demonstrated that certain RASs can have an
impact on SVR rates in hepatitis C, which can make it challenging
to identify treatment options for patients who have already
undergone treatment (17,21). Although newer and more effective
DAA regimens are available for first- or second-line treatments,
obtaining access to them can pose a challenge (22). Studies of in
vivo infectious cDNA clones of HCV-GT3 in human hepatoma cells
(Huh7.5) have shown that adaptation to NS5A drug resistance
is also possible in pan-genotypic HCV-DAA regimens (23,24). A
recently published real-life-based study focused on the NS3 and
NS5B resistance of Asian HCV-GT3. Phylogenetic analyses indicate
that GT3a is of Asian origin. GT3a has been observed to be similar to
Asia in IVDUs in Europe (25). The rates of SVR with DAAs are very
high; early treatment can reduce chronic hepatitis C complications
and disease transmission. Considering this information, a more
comprehensive understanding of RASs is essential to tailor first-
line therapy and determine the most appropriate course of action
for second-ine therapy (26,27).

SHARED Initiative

The treatment of hepatitis C involves a range of genetic types
and subtypes, making it challenging to obtain information about
treatment resistance from local, regional, and short-term clinical
trials. However, these studies have limited potential for generalized
findings and are not commonly found in real-life cohorts. Although
second-generation potent DAA treatment regimens can counter
the adverse effects of RASs, the causes of virologic failure remain
unclear. Studies addressing DAA resistance in hepatitis C lack
standardization of analytical techniques and no clear definition of

RASs. Despite the International Hepatitis C Treatment Guidelines
recommending resistance testing for specific regimens or patient
groups, the evaluation of drug resistance test results is not
standardized. In response to this challenge, the Surveillance of
Hepatitis C Antiviral Resistance, Epidemiology, and Methodologies
(SHARED) is a global initiative that aims to develop, apply, and share
HCV genomic data, methods, software, and technologies to better
understand and prevent HCV drug resistance (28). The SHARED
international collaboration is a formidable entity comprising
physicians, virologists, and researchers from 22 countries and
over 110 medical facilities and laboratories. This powerhouse
possesses a vast database of HCV sequences, comprehensive
patient information, disease characteristics, treatment histories,
and clinical outcomes. The thorough and diverse nature of the data
allows for unparalleled analysis. It provides unparalleled insights
into HCV-DAA resistance on a global scale - insight that individual
studies cannot match (5).

Conclusion

In conclusion, drug resistance caused by RAS to DAA
medications can lead to an inadequate response to antiviral
therapy and relapse in HCV-infected patients. We should be aware
that HCV has high genetic variability, and RASs may lead to future
failure of currently available DAA treatments. Therefore, monitoring
drug resistance may be essential for pan-genotypic HCV-DAA
regimens. RAS can occur naturally or be selected during therapy.
To determine the most appropriate DAA treatment, it is crucial to
identify the HCV-GT/subtype and detect pre-existing RAS. The
analysis can be performed using either Sanger sequencing or NGS
sequencing.

Ethics
Peer-review: Externally peer-reviewed.

Financial Disclosure: The author declared that this study
received no financial support.

References

1. The 18th Global Hepatitis Summit (GHS 2023). WHO Symposium, 25
— 28 April 2023, Paris, France. (Accessed: 28 July 2023). https://www.
who.int/news-room/events/detail/2023/04/25/default-calendar/who-at-
the-global-hepatitis-summit-2023

2. WHO World Hepatitis Day 2023. (Accessed: 28 July 2023). https://
www.who.int/campaigns/world-hepatitis-day/2023

3. International Committee on Taxonomy of Viruses. HCV ClassiScation
2023. (Accessed: 28 July 2023). https://ictv.global/sg_wiki/flaviviridae/
hepacivirus

4. Tabata K, Neufeldt CJ, Bartenschlager R. Hepatitis C Virus Replication.
Cold Spring Harb Perspect Med. 2020;10:a037093.

5. Howe AYM, Rodrigo C, Cunningham EB, Douglas MW, Dietz J,
Grebely J, Popping S, Sfalcin JA, Parczewski M, Sarrazin C, de
Salazar A, Fuentes A, Sayan M, Quer J, Kjellin M, Kileng H, Mor O,
Lennerstrand J, Fourati S, Di Maio VC, Chulanov V, Pawlotsky JM,
Harrigan PR, Ceccherini-Silberstein F Garcia F; SHARED Collaborators.
Characteristics of hepatitis C virus resistance in an international cohort
after a decade of direct-acting antivirals. JHEP Rep. 2022;24,4:100462.

6. Toygar DM, Akhan S. Hepatitis C virus structure and diagnostic
methods. Hepatitis C- recent advances. IntechOpen. 2023. (Accessed:
28 July 2023). http://dx.doi.org/10.5772/intechopen.1000863



94

Murat Sayan.

HCV Drug Resistance

Rossi LM, Escobar-Gutierrez A, Rahal P Advanced molecular
surveillance of hepatitis C virus. Viruses. 2015;7:1153-1188.

Mani H, Yen JH, Hsu HJ, Chang CC, Liou JW. Hepatitis C virus core
protein: Not just a nucleocapsid building block, but an immunity and
inflammation modulator. Tzu Chi Med J. 2021;34:139-147.

Bachofner J, Valli PV, Bergamin |, Kroger A, Kinzler P Baserga A, Braun
DL, Seifert B, Moncsek A, Fehr J, Semela D, Magenta L, Mullhaupt
B, Terziroli Beretta-Piccoli B, Mertens J, The Swiss Hepatitis C Cohort
Study. Excellent outcome of direct antiviral treatment for chronic
hepatitis C in Switzerland. Swiss Med Wkly. 2018;148:w14560.

. Flisiak R, Zarebska-Michaluk D, Janczewska E, Staniaszek A, Gietka A,

Mazur W, Tudrujek M, Tomasiewicz K, Belica-\WWdowik T, Baka-Cwierz B,
Dybowska D, Halota W, Lorenc B, Sitko M, Garlicki A, Berak H, Horban
A, Orfowska I, Simon K, Socha %, Wawrzynowicz-Syczewska M,
Jaroszewicz J, Deron Z, Czauz-Andrzejuk A, Citko J, Krygier R, Piekarska
A, Laurans &, Dobracki W, Biatkowska J, Tronina O, Pawtowska M.
Treatment of HCV infection in Poland at the beginning of the interferon-
free era-the EpiTer-2 study. J Viral Hepat. 2018;25:661-669.

. Malandris K, Kalopitas G, Theocharidou E, Germanidis G. The Role of

RASs /RVs in the current management of HCV. Viruses. 2021;13:2096.

. Popping S, Cento V, Seguin-Devaux C, Boucher CAB, de Salazar A,

Heger E, Mor O, Sayan M, Salmon-Ceron D, Weis N, Krarup HB, de
Knegt RJ, Sandulescu O, Chulanov V, van de Vijver DAMC, Garcia
F Ceccherini-Silberstein F The European Prevalence of Resistance
Associated Substitutions among Direct Acting Antiviral Failures.
Viruses. 2021;14:16.

. Bhattacharya D, Aronsohn A, Price J Lo Re V; AASLD-IDSA HCV

Guidance Panel. Hepatitis C Guidance 2023 Update: AASLD-IDSA
Recommendations for Testing, Managing, and Treating Hepatitis C
Virus Infection. Clin Infect Dis. 2023;ciad319. doi: 10.1093/cid/ciad319.

. Zeng H, Li L, Hou Z, Zhang Y, Tang Z, Liu S. Direct-acting antiviral in the

treatment of chronic hepatitis C: Bonuses and challenges. Int J Med
Sci. 2020;17:892-902.

. Itakura J, Kurosaki M, Kakizaki S, Amano K, Nakayama N, Inoue J, Endo

T, Marusawa H, Hasebe C, Joko K, Wada S, Akahane T, Koushima
Y, Ogawa C, Kanto T, Mizokami M, Izumi N. Features of resistance-
associated substitutions after failure of multiple direct-acting antiviral
regimens for hepatitis C. JHEP Rep. 2020;2:100138.

. Onorato L, Pisaturo M, Starace M, Minichini C, Di Fraia A, Astorri R,

Coppola N. Virological Factors Associated with Failure to the Latest
Generation of Direct Acting Agents (DAA) and Re-Treatment Strategy:
A Narrative Review. Viruses. 2021;13:432.

. Sarrazin C. The importance of resistance to direct antiviral drugs in HCV

infection in clinical practice. J Hepatol. 2016;64:486-504.

. Sarrazin C. Treatment failure with DAA therapy: Importance of

resistance. J Hepatol. 2021;74:1472-1482.

20

21.

22.

23.

24.

25.

26.

27.

28.

. Wyles D, Mangia A, Cheng W, Shafran S, Schwabe C, Ouyang W,
Hedskog C, McNally J, Brainard DM, Doehle BR Svarovskaia E, Miller
MD, Mo H, Dvory-Sobol H. Long-term persistence of HCV NS5A
resistance-associated substitutions after treatment with the HCV NSBA
inhibitor, ledipasvir, without sofosbuvir. Antivir Ther. 2018;23:229-238.

. Jeong Y, Jin B, Lee HW, Park HJ, Park JY, Kim DY, Han KH, Ahn SH,
Kim S. Evolution and persistence of resistance-associated substitutions
of hepatitis C virus after direct-acting antiviral treatment failures. J Viral
Hepat. 2018;25:1251-1259.

Zeuzem S, Mizokami M, Pianko S, Mangia A, Han KH, Martin R,
Svarovskaia E, Dvory-Sobol H, Doehle B, Hedskog C, Yun C, Brainard
DM, Knox S, McHutchison JG, Miller MD, Mo H, Chuang WL, Jacobson
|, Dore GJ, Sulkowski M. NS5A resistance-associated substitutions in
patients with genotype 1 hepatitis C virus: Prevalence and effect on
treatment outcome. J Hepatol. 2017;66:910-918.

Marshall AD, Cunningham EB, Nielsen S, Aghemo A, Alho H, Backmund
M, Bruggmann B Dalgard O, Seguin-Devaux C, Flisiak R, Foster GR,
Gheorghe L, Goldberg D, Goulis I, Hickman M, Hoffmann B Jancoriené
L, Jarcuska P Kaberg M, Kostrikis LG, Makara M, Maimets M, Marinho
RT, Mati¢i¢ M, Norris S, Olafsson S, @vrehus A, Pawlotsky JM, Pocock
J, Robaeys G, Roncero C, Simonova M, Sperl J, Tait M, Tolmane |,
Tomaselli S, van der Valk M, Vince A, Dore GJ, Lazarus JV, Grebely
J; International Network on Hepatitis in Substance Users (INHSU).
Restrictions for reimbursement of interferon-free direct-acting antiviral
drugs for HCV infection in Europe. Lancet Gastroenterol Hepatol.
2018;3:125-133.

Fernandez-Antunez C, Wang K, Fahnge U, Mikkelsen LS, Gottwein
JM, Bukh J, Ramirez S. Characterization of multi-DAA resistance
using a novel hepatitis C virus genotype 3a infectious culture system.
Hepatology. 2023;78:621-636.

Dietz J, Lohmann V. Therapeutic preparedness: DAA-resistant HCV
variants in vitro and in vivo. Hepatology. 2023;78:385-387.

Faiz S, Irffan M, Faroog S, Khan IA, Igbal H, Wahab AT, Shakeel M, Gong
R Iftner T, Choudhary MI. Study of drug resistance-associated genetic
mutations, and phylo-genetic analysis of HCV in the Province of Sindh.
Pakistan Sci Rep. 2023;13:12213.

Yildiz Kaya S, Mete B, Kaya A, Balkan i, Saltoglu N, Tabak F Evaluation
of Chronic Hepatitis C Patients from Different Aspects Before the Use
of Direct Acting Antivirals. Viral Hepat J. 2017;23:6-9.

Dogan M, Topgu B, Karaali R, Erdem I. Evaluation of Treatment Results
with Direct Acting Antiviral Drugs of Cirrhotic/Non-cirrhotic Chronic
Liver Disease Caused by Hepatitis C Virus Genotype 1b Infection. Viral
Hepat J. 2020;26:43-48.

Howe AYM, Ceccherini-Silberstein F Dietz J, Popping S, Grebely J,
Rodrigo C, Lennerstrand J, Douglas MW, Parczewsk M, Harrigan PR,
Pawlotsky JM, Garcia F Collaborators S. SHARED: An international
collaboration to unravel hepatitis C resistance. Viruses. 2021;13:1580.



Research Article 95

DOI: 10.4274/vhd.galenos.2023.2023-6-1
Viral Hepatitis Journal 2023;29(3):95-100

Clinical Efficacy and Safety of Direct-Acting Antivirals in
Chronic Hepatitis C Treatment: Real-World Data

Kronik Hepatit C Tedavisinde Dogrudan Etkili Antivirallerin Klinik Etkinligi ve
Guvenligi: Gergek Yasam Verileri

@ Ayla Dogrugdrin, ® Elif Doyuk Kartal, ® Saygin Nayman Alpat

Eskisehir Osmangazi University Faculty of Medicine, Department of Clinical Microbiology and Infectious Diseases, Eskisehir, Turkey

ABSTRACT

Obijectives: Chronic hepatitis C (CHC) disease is an important
health problem that affects approximately one hundred and
seventy million people worldwide and can cause cirrhosis and
liver cancer. In this study, the efficacy and side effects of new
generation direct acting antivirals (DAA) agent on the hepatitis C
infection profile were evaluated.

Materials and Methods: This retrospective observational study
included 210 eligible CHC patients treated with DAAs. They
received sofosbuvir + ledipasvir + ribavirin, paritaprevir/ritonavir/
ombitasvir/dasabuvir + ribavirin and glecaprevir/pibrentasvir (GLE/
PIB). A hepatitis C virus-RNA level of <15 IU/mL at 12 or 24 weeks
after the end of treatment was considered a sustained virological
response (SVR). The side-effect profile and SVR were recorded,
and the data were analyzed.

Results: SVR12 was evaluated in 154 patients, and the rate of SVR
was found to be 98% (152/154). At the 24" week after treatment,
data of 153 patients were available, and SVR was achieved at a
rate of 99% (152/153). During treatment, fatigue and itching
were common adverse effects. One patient failed to complete
treatment during the treatment period due to adverse effects. The
patient receiving GLE/PIB developed and progressively worsened
allergic rashes. The treatment could be administered only for 3
weeks, and the treatment was terminated on the basis of the lack
of tolerability.

Conclusion: In our study, we concluded that the new generation DAA
are highly effective with high SVR rates. It was also concluded that
they are safe because of their low and tolerable side-effect profile.
Keywords: Chronic hepatitis C, direct-acting antiviral agents,
sustained virologic response, adverse events

0z

Amag: Kronik hepatit C (KHC) hastaligi, tim dinyada yaklasik yiz
yetmis milyon insani etkileyen ve siroz ve karaciger kanserine
neden olabilen énemli bir saglik sorunudur. Calismada, yeni nesil
dogrudan etkili antiviral (DEA) ajanlarin KHC virstnin enfeksiyon
profilinin tedavisinde etkinligi ve yan etkileri degerlendirilmistir.
Gerec ve Yontemler: Retrospektif gdzlemsel bir calisma olarak
planlanan bu calismaya DEA’larla tedavi edilen 210 uygun KHC
hastasi dahil edildi. Sofosbuvir + ledipasvir + ribavirin, paritaprevir/
ritonavir/ombitasvir + dasabuvir + ribavirin ve glecaprevir/
pibrentasvir (GLE/PIB) tedavileri verildi. Tedavinin bitiminden 12
veya 24 hafta sonra <15 [U/mL'lik bir hepatit C viris-RNA seviyesi,
kalici bir virolojik yanit (KVY) olarak kabul edildi. Yan etki profili ve
kalic virolojik yanitlar kaydedildi ve veriler IBM SPSS 21 programi
ile analiz edildi.

Bulgular: Tedavi bitiminden 12 hafta sonra KVY orani 154 hastada
hesaplandi ve %98 olarak saptandi (152/154). Tedavi sonras| 24.
haftada 153 hastanin verileri mevcuttu ve KVY %99 (152/153)
olarak analiz edildi. Yorgunluk ve kasinti tedavi slrecinde yaygin
gorulen yan etkilerdi. Bir hastanin tedavisini yan etkiler nedeniyle
tamamlayamadigl kaydedildi. GLE/PIB alan bu hastada gelisen
alerjik dokuntdlerin giderek artmasi Uzerine hastaya l¢ hafta
boyunca tedavi verilebildi.

Sonug: Calismamizda yeni nesil DEA'larin ylksek KVY oranlari
ile oldukca etkili oldugu sonucuna varilmistir. Ayrica, disik ve
tolere edilebilir yan etki profili gosterdikleri icin glvenli olarak
degerlendirilmistir.

Anahtar Kelimeler: Kronik hepatit C, direkt etkili antiviral ajanlar,
kalici virolojik yanit, yan etkiler
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Introduction

Hepatitis C virus (HCV) infection is one of the main causes of
chronic liver diseases worldwide (1). Up to 85% of HCV-infected
patients cannot achieve virus clearance and develop chronic
infection. Because of chronic infection, liver fibrosis, cirrhosis,
extrahepatic involvement, and hepatocellular carcinoma (HCC) may
develop in patients (2).

Epidemiological studies in Turkey have shown that chronic
hepatitis C (CHC) infection occurs in approximately 1% of the
Turkish population, with genotype 1 being the common genotype
(92.1%), followed by genotypes 2, 3, and 4 (3). Direct-acting
antiviral (DAA) drugs used in the treatment of HCV inhibit the
NS3/4A, NS5A, and NS5B regions in the virus genome by stopping
the replication of the virus (4).

In our study, we aimed to evaluate the effectiveness and safety
of DAA agents available in our country for treating chronic HCV
infection in a heterogeneous group of patients.

Materials and Methods

The study was approved by the Ethics Committee for Clinical
Research at the Eskisehir Osmangazi University, conforming to the
protocols in accordance with the Declaration of Helsinki (approval
number: 18/2020).

This retrospective observational study included 172 patients
who received DAA treatment with CHC diagnosis in a university
hospital infectious diseases and clinical microbiology outpatient
clinic between July 2016 and December 2019 and whose persistent
virological response level could be assessed after treatment. The
distribution of patients is summarized in Figure 1.

The treatment and post-treatment responses of the patients
were recorded in the outpatient clinic patient files and the hospital
information management system.

Data were collected during treatment and 12 and 24
weeks after treatment. Demographic, clinical, and laboratory
parameters (blood count, creatinine, liver panel, prothrombin
time/international normalized ratio, viral serology, HCV-RNA
level and genotype, liver biopsy findings, radiologic findings,
previous treatment) were recorded for all patients. Data on
tolerability and safety analyses, adverse events (AE), and drug
discontinuation rates owing to AEs were recorded.

Virological response rates were analyzed according to the
HCV-RNA levels of the patients. The presence of HCV-RNA
was studied by nucleic acid extraction and quantitative real-time
polymerase chain reaction (PCR) (artus hepatitis C QS-RGQ,
Qiagen). The detection limit of the test used was 15 IU/mL.
Genotype determination was performed using real-time PCR using
the Bosphore HCV Genotyping Kit V3 and the Montania 4896
device (Anatolia Diagnosis and Biotechnology products, Turkey).
In this method, the required HCV-RNA level to detect the HCV
genotype is >100 IU/mL. All tests were performed according to the
manufacturer’s instructions.

Histopathological diagnosis using the liver modified histological
activity index (HAI) and ISHAK scoring systems was performed.
Those with fibrosis stage FO-3 according to the ISHAK score were
non-cirrhotic and those with F4-6 were considered cirrhotics. The
decision regarding the agent used in the treatment, its duration,
and dose has been made by considering the Communigue on
Health Practices in our country, both national and international.

210 patients
Underwent DAA therapy
11 Excluded
o  Early discontinuations for reasons other
than (S)AEs nt 10
o  Early discontinuations due to serious AEs
o °
199 patients
Completed DAA therapy
34 Excuded
o  Missing data for end of the
treatment n: 34
v
Patients with end-of-treatment Patients with SVR12 data Patients with SVR24 data
response data n: 165 n: 154 n: 153

Figure 1. Flowchart showing the distribution of the study populations

DAA: Direct acting antivirals, SVR12: Sustained virological response 12 weeks after treatment, SVR24: Sustained virological response 24 weeks after treatment



Dogrugértn et al.

Direct-Acting Antivirals in Chronic Hepatitis C Treatment 97

Statistical Analysis

Data analysis was performed using IBM Statistical Package
for Social Sciences version 21.0. Summary values of quantitative
variables are shown as mean + standard deviation or median
(Q1-Q3), summary values of qualitative variables are shown as
frequency and percentage. The conformity of quantitative variables
to normal distribution was investigated using the Shapiro-Wilk test.
Comparison of two independent groups was performed using the
Mann-Whitney U test because normal distribution was not found.
The relationship between qualitative variables was evaluated using
chi-square analysis. The cases obtained with a p-value <0.05
because of the analysis were considered significant.

Results

Patient Characteristics

The clinical and demographic characteristics of the patients
are presented in Table 1. The patients included in the study were
49.4% male (n=85) and 50.6% (n=87) female (Table 1). The mean
age of all patients was 56.39+15.47 15.47 years (18-81). The
mean duration of diagnosis of CHC was 5.4+5.93 (0.5-30) years.
Of the patients, 69.8% (n=120) were naive, and 30.2% (n=52)
had previously received interferon-based treatment. The most
common genotype in the HCV genotype distribution of patients
was genotype 1 (1a+1b) in 84.9%, followed by genotypes 3, 2 and
4, respectively. At the beginning of treatment, most patients were
non-cirrhotic (84.9% non-cirrhotic, 15.1% cirrhotic). All cirrhotic
patients had compensated cirrhosis, and there was no patient with
decompensated cirrhosis.

The most common chronic disease in the patients was
hypertension at a rate of 40% (n=70), diabetes mellitus 22%

Table 1. Demographic and clinical characteristics of patients

(n=38) and asthma 15.6% (n=27) were other common comorbid
diseases. There was one human immunodeficiency virus-positive
patient with coinfection, and there was no patient with hepatitis B
virus infection.

At the beginning of the treatment, the mean alanine
transaminase (ALT), aspartate tranaminase (AST), and HCV-RNA
levels were 50«43 U/L, 41+24 U/L, and 3139571+5314478
IU/mL, respectively. Liver biopsy results were available in
85.5% (n=147) of the patients before treatment. The mean
HAI and fibrosis stage were 6.9+2.1 (3-15) and 2.5+1.3 (0-6),
respectively. The mean alpha-fetoprotein (AFP) level studied
at the beginning of treatment in the cirrhotic patient group
(9.65+16.50 pg/L) was found to be statistically significantly
higher than the mean (4.11+3.99) in the non-cirrhotic patient
group (p=0.001).

Patients were given 3 separate regimens according to the
current treatment options of the study period: the sofosbuvir (SOF)-
containing regimen, the paritaprevir/ritonavir/fombitasvir (PRO)-
containing regimen, and glecaprevir/pibrentasvir (GLE/PIB) therapy.
In some patients receiving SOF- and PRO-based regimens, ribavirin
(RBV) treatment was added according to genotype. Of the patients
included in our study had different treatment regimen groups; 94
(65.2%) received paritaprevir/ritonavir/ombitasvir + dasabuvir +
RBV, 62 (36%) received SOF/LDV + RBV, 15 (8.8%) received GLE/
PIB, and 1 received PRO + RBV.

Treatment Efficacy and Sustained Virological Response

In our study, the rate of achieving SVR12 was 98% (152/154),
and the rate of achieving SVR24 was 99% (153/154) (Table 2).

The rate of patients achieving SVR12 was analyzed according
to gender, genotype, treatment regimen, previous treatment status,
level of liver damage, and age (Table 3). In terms of reaching SVR12,
no statistically significant difference was found in the other groups
except for the genotype (Figure 2, 3).

Statistically significant difference between genotypic groups;
groups are not homogeneous, the number of patients with
genotype 2 and genotype 3 is less than the number of patients
with other genotypes; in addition, it was thought that it may be
related to the relapse cases seen in these groups.

Safety

Adverse effects were observed during treatment in 49 (28.5%)
of 172 patients included in the study. Some patients had more
than one side effect. There was 1 patient whose treatment was
terminated because of serious side effects and whose treatment
could not be completed. The patient who developed pruritus and
rash from the first dose of GLE/PIB treatment, which gradually
increased, and whose treatment was interrupted because the

Table 2. Overall treatment outcome

Virological response n (%)

End of the treatment 162/165 (98%)

SVR12 152/154 (98%)

SVR24 152/153 (99%)

n (%)
Sex
Male 85 (49.4)
Female 87 (50.6)
Age
18-64 112 (65.1)
265 60 (34.9)
Genotype
1a 21(12.2)
1b 125 (72.7)
2 4(2.3)
3 20(11.6)
4 2(1.2)
Treatment experience
Naive 120 (69.8)
Experienced 52 (30.2)
Fibrosis stage
Non-cirrhotic 146 (84.9)
Cirrhotics 26 (15.1)
Total 172 (100)

SVR12: Sustained virological response 12 weeks after treatment,

SVR24: Sustained virological response 24 weeks after treatment
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Table 3. The rate of achieving SVR12 and p-values according
to the descriptive characteristics of the patients
SVR12 (+), SVR (),
(n, %) (n, %) P
Sex
Male 71 (97.3%) 2(2.7%)
0.223
Female 81 (100%) 0
Age
18-64 98 (98%) 2 (2%)
0.542
>65 54 (100%) 0
Fibrosis stage
Non-cirrhotic 130 (99.2%) | 1(0.8%) 0.977
Cirrhotics 22(95.7%) | 1(4.3%) '
Treatment experience
Experienced 45 (95.7%) 2 (4.3%)
0.092
Naive 107 (100%) 0
Genotype
1a 20 (100%) 0
1b 111 (100%) 0
2 3 (75%) 1(25%) 0.040
3 16 (94.1%) 1(5.9%)
4 2 (100%) 0
Therapeutic regimen
SOF/LDV = RBV 53 (96.4%) 2 (3.6%)
PRO + DSV + RBV 86 (100%) 0 0.288
GLE/PIB 13 (100%) 0
SVR: Sustained virological response, SVR12: Sustained virological response 12
weeks after the treatment, SOF/LDV + RBV: Sofosbuvir/ledipasvir + ribavirin,
PRO + DSV = RBV: Paritaprevir/ritonavir/ombitasvir + dasabuvir + ribavirin,
GLE/PIB: Glecaprevir/pibrentasvir

100

80

60

40 — —

SVR-12 Rate (%)

200) — =

GT | GT | GT | GT | GT
la | 1b 2 3 4

= GENOTYPE(GT)| 100 | 100 | 75 | 94 | 100

Figure 2. Sustained virologic response 12 rates of different genotypes
(p=0.040)

SVR12: Sustained virological response 12 weeks after treatment

condition became intolerable in the 3¢ week of treatment was
excluded from the study. The most common side effects observed
during the treatment process in all patients were itching (11%),
weakness (9.3%), and stomach pain (6.4%). Of the 49 patients
with side effects, 31 (63.3%) received the PRO-containing regimen,
17 (34.7%) received the SOF-containing regimen, and 1 (2%)
received the GLE/PIB-containing regimen. Itching complaints were
more common in the PRO regimen, and 15 of 19 patients received
the PRO-containing regimen and 4 received the SOF-containing
regimen.

Discussion

HCV infection is one of the main causes of chronic liver
diseases worldwide. As a result of chronic infection, liver fibrosis,
cirrhosis, extrahepatic involvement, and HCC can develop in
patients (2). The primary aim of treatment for chronic HCV infection
is the prevention of hepatic and extrahepatic complications such
as liver necroinflammation, fibrosis, cirrhosis, HCC, and ultimately
death by eradicating the HCV. The aim of treatment includes
normalization of serum aminotransferases, undetectable HCV-RNA
in serum, and improvement of histological findings in the liver.

In many clinical studies evaluating treatment response in
patients treated with DAA, mean SVR of over 90% has been
demonstrated (5,6). In a multicenter meta-analysis conducted
by Perazzo et al. (8), it was found that DAA agents are highly
effective. In this study, which included real-life data and more
than 57,000 patients, the overall mean of patients with a
sustained virological response was 98%. This rate was similar
to rates reported in many other observational cohort studies
worldwide involving large, real-life data with DAA agents (7-10).
In our study, the rate of SVR12 was 98% and that of SVR24
was 99%, similar to other studies in patients who received
DAA agents.

In a multicenter study conducted in our country (n=862), they
found the rate of SVR12 to be 99.5% in the non-cirrhotic patient
group and 95.5% in the cirrhotic patient group. A comparison was
made between these two groups according to the cirrhosis status,
and they found a statistically significant difference between the
groups in terms of response in SVR12 (p<0.016) (11). In our study,
the rate of SVR12 was found to be 99% in the non-cirrhotic patient
group and 95% in the cirrhotic patient group, and it was found to
be lower in cirrhotic patients, similar to other studies.

There are also studies that evaluate the treatment response
according to the treatment experience status. In a study conducted
by Mizokami et al. (12) in 2021, the rate of SVR12 was determined
to be 97.55% in patients with treatment experience and 99.05%
in the treatment naive patient group, and it was shown that there
was no significant difference between the groups in terms of
reaching SVR12. In our study, there was no statistically significant
difference in terms of access to SVR between the groups in terms
of treatment experience (p=0.092).

In our study, the SVR ratios according to the genotypes of the
patients were examined. The response rate was 100% in patients
with genotypes 1 and 4, 75% in patients with genotype 2, and
94% in patients with genotype 3. There was a significant difference
between genotypic groups in terms of reaching SVR12 (p=0.040).
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Figure 3. Sustained virologic response 12 rates of each direct-acting antiviral regimen (p=0.288).
SVR12: Sustained virological response 12 weeks after treatment, SOF: Sofosbuvir, LDV: Ledipasvir, RBV: Ribavirin, PROD: Paritaprevir/ritonavir/ombitasvir +

dasabuvir, GLE/PIB: Glecaprevir/pibrentasvir

The reason for the significant difference may be that the
distribution of the number of patients among the genotypic groups
is not homogeneous. Similar to Turkey, most of the patients in our
study were patients with genotype 1 infection. It was thought
that this condition developed because of the small number of
patients with genotypes 2 and 3 infections and the occurrence of
recurrence cases in these groups.

In a retrospective study of 219 patients by Khan et al. (13),
it was found that AST and ALT levels were significantly reduced
with treatment and reached normal levels in patients who
were administered DAAs. In our study, a statistically significant
decrease in ALT, AST, and HCV-RNA values during treatment
was detected (p<0.001). At the same time, the decrease in
gamma-glutamy! transpeptidase and AFP parameters at the
end of treatment was statistically significant compared with
the start of treatment (p<0.001; p=0.028, respectively). Data on
the effect of these biochemical changes on treatment success
have not been determined.

In our study, treatments were generally well tolerated
and the side effects that developed were mild. The most
common side effects were itching (11%), weakness (9.3%),
and stomach pain (6.4%). There was one patient whose
treatment was interrupted because of intolerance of treatment;
the patient who received GLE/PIB treatment did not complete
the treatment process because of the increasing rash in the
39 week of treatment. In the literature, it has been reported
that the rate of side effects increases when RBV is added to
the treatment. In meta-analyses evaluating SOF/LDV + RBV
treatments, the rate of side effects was higher in groups with
RBV; weakness, fatigue, nausea, insomnia, and anemia are
reported to be more common (14,15). In our study, 51 patients
(29.7%) were receiving RBV-containing DAA treatment, and
side effects were similarly more frequent in these patients.
Four of the patients already had anemia at the beginning of
treatment. However, 17 of the 46 patients (36%) without

anemia at the beginning of treatment had anemia at the end
of treatment.

In our study, adherence to treatment was quite high in all
patients. The SVR rate was as high as 98% in all patients receiving
DEA treatment. There was no difference in virological response
between the different DAA treatment regimens. There was a
significant difference between genotypic groups in terms of SVR.
The reason for this difference was thought to be the difference in
distribution between the groups and the effect of relapse cases in
genotypic groups with a low number of patients. It was found that
the cirrhosis status or past treatment experience of the patients did
not differ in terms of SVR access.

Study Limitations

Our study was planned retrospectively; therefore, the laboratory
and clinical data about the patients were not complete, and the
characteristics of the patients and the number of patients in the
treatment groups were not evenly distributed as limited aspects
of our studly.

Conclusion

DEA treatments were evaluated as highly effective and safe
because of the low and tolerable side effects.
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ABSTRACT

Objectives: \We aimed to determine parameters affecting viral
kinetics among the first case series of chronic hepatitis C treated
with direct-acting oral antiviral drugs in a tertiary university hospital
and thus contribute to real-life data on direct-acting antiviral (DAA)
treatments.

Materials and Methods: This is a prospective observational
study that enrolled patients with chronic hepatitis C infection who
were followed up between 2017 and 2019 and administered DAA
treatment. Hepatitis C virus (HCV)-RNA (real-time polymerase
chain reaction) was detected in the plasma samples of the patients
before treatment (day 0) and on the 3™ and 7" days of treatment.
Test results below 35 IU/mL were considered negative.

Results: The paritaprevir/ritonavir/ombitasvir/dasabuvir regimen
was administered to 21 (44 %) patients, sofosbuvir-based regimens
to 28 (54%) patients, and glecaprevir-pibrentasvir treatment to 1
(2%) patient. HCV-RNA was detected to be negative significantly
earlier in younger patients (p=0.005). The median disease
duration was 7 years (range: 2-10), and viral clearance was
obtained significantly earlier (p=0.038) in patients with a longer
disease duration. The median initial viral load was 3,079,870

0z

Amag: Uglincli basamak bir (iniversite hastanesinde direkt etkili
oral antiviral ilaclarla tedavi edilen kronik hepatit C'li ilk olgu
serilerinde viral kinetikleri etkileyen parametreleri belirleyerek
direkt etkili antiviral (DAA) tedavilere iliskin gercek yasam verilerine
katkida bulunmayi amagladik.

Gerec ve Yontemler: Bu calisma prospektif gdzlemsel nitelikte
olup, 2017-2019 yillari arasinda takip edilen, kronik hepatit C tanili,
DAA tedavi baslanmasi planlanan gontlli hastalar ardisik sekilde
dahil edildi. Tedavinin 0. 3. ve 7. glnlerinde plazmada hepatit
C viris (HCV)-RNA calisildi. Gercek zamanli-polimeraz zincir
reaksiyonu platformu olarak COBAS TagMan HCV test (versiyon
2.0, Roche Molecular Systems, ABD) kullanildi.

Bulgular: Calismaya alinan 50 hastadan 28'i (%56) kadin, yas
ortalamasi 58+12,84 idi. Hastalardan 21'ine (%44) paritaprevir-
ritonavir-ombitasvir-dasabuvir, 28'ine (%54) ise sofosbuvir iceren
ilaclar, 1'ine (%2) glecaprevir-pibrentasvir tedavisi verildi. Yasi daha
genc olanlarda (p=0,005) ve hastalik suresi daha uzun olanlarda
(p=0,038) viral klirensin daha erken saglandigi saptandi. Baslangic
viral yUku ortancasi 3.079.870 |U/mL idi, viral klirensin saglanma
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(range: 650,925-5,973,029) IU/mL, and no statistically significant
correlation was found between the time to negative viral load and
initial viral load (p=0.208).

Conclusion: Patients of younger ages and those with a history
of longer disease durations became negative earlier, within the
first days of treatment. No significant correlation was detected
between the initial viral load and early viral kinetics.

Keywords: Viral hepatitis, viral kinetics, hepatitis C, direct-acting
antivirals, viral load

suresiyle baslangic viral ylk arasinda istatistiksel olarak anlamli
iliski saptanmadi (p=0,208).

Sonug: Tedavi sirasinda viral yliki erken negatiflesen hastalarin
daha gen¢ ve hastalik siresi daha uzun olanlar oldugu ortaya
ctkmisti. Baslangic viral yukle erken viral kinetik arasinda iliski
saptanmadi.

Anahtar Kelimeler: Viral hepatitler, viral kinetic, hepatit C, direkt
etkili antiviraller, viral yik

Introduction

Chronic hepatitis C continues to be a major public health
problem. It is estimated that 58 million people worldwide live with
hepatitis C, an average of 1.5 million people are newly infected with
chronic hepatitis C annually, and more than 1 million deaths occur
each year due to complications of chronic viral hepatitis, including
liver cancer and cirrhosis (1).

Hepatitis C virus (HCV) infection (mostly genotype 1) is
reported to be responsible for 25% of cases of cirrhosis, 25-30%
of hepatocellular carcinoma (HCC), and nearly half of the cases of
liver transplantations performed in our country (2).

If left untreated, approximately 80,000 people will develop HCV-
related cirrhosis, 3,770 people will develop HCC, and 3,420 people
will die from HCV complications in 2030 (2).

Interferon-based regimens were effective in less than half
of the cases, despite their long duration of use and serious side
effects. Direct-acting oral antiviral drugs, first approved by the FDA
in 2011 (3), completely changed hepatitis C treatment, with cure
rates over 95%. New drugs were approved over the years, some of
which came into use in Turkey after being reimbursed in 2016 (4).

Detection of blood HCV-RNA levels by real-time polymerase
chain reaction (PCR), which is the most valid diagnostic tool, is also
the most reliable method for monitoring treatment responses.

Although it is well known that direct-acting oral antivirals reduce
HCV-RNA levels to an undetectable level in a very short time, there
is not enough real-life data on how viral kinetics progress in the
early post-treatment period. In this study, we detected HCV-RNA
levels before (0" day), on the 3, 7" and 90" days of treatment and
correlated these results with the alanine aminotransferase (ALT)
normalization process (1%, 4", 12, and 24" week ALT levels). We
aimed to establish real-life data regarding viral kinetic parameters as
indicators of sustained viral responses and to contribute to creating
up-to-date patient follow-up protocols in the era of direct-acting oral
antiviral therapies in Turkey.

Materials and Methods

Patients

Fifty consecutive patients who had been diagnosed with
chronic hepatitis C due to HCV-RNA positivity for over six months
were planned to undergo direct-acting antiviral (DAA) treatment at
the infectious diseases and clinical microbiology outpatient clinic,
Istanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine.
Informed consent to participate in the prospective observational
study was obtained from all patients.

Patients below 18 years of age, pregnant women, those
unavailable for consecutive blood test controls, and those who did
not give informed consent were excluded.

Methods

Peripheral blood samples obtained from patients via 10 cc
EDTA tubes on days O, 3, and 7 were centrifuged for 10 min
at 2000 rpm, and plasma samples were then transferred to 3
separate Eppendorf (1.5 mL) tubes. Samples were stored at -80
degrees celcius until molecular testing. HCV-RNA levels were
detected using the RT-PCR method and <35 IU/mL results were
accepted as negative (Table 1). The RT-PCR platform COBAS
TagMan HCV Test (version 2.0, Roche Molecular Systems, USA)
was used for plasma HCV-RNA detection.

The following data were also retrieved from outpatient case
files: HCV-RNA levels detected at first admission or routine
monitoring, HCV-RNA levels detected at 3, 6, and 12 months
after treatment completion, and routine follow-up data. The
parameters to be evaluated in the study were age, gender,
comorbidities, infection duration, previous treatment or naivety,
viral genotype, treatment modality and duration, biochemical
[ALT, aspartate aminotransferase (AST), total bilirubin, alpha-feto-
protein], hematological (complete blood count), coagulometric tests
(prothrombin time, international normalized ratio), histopathological
(liver biopsy), and ultrasound (US) findings.

Treatment success was defined as undetectable HCV-RNA
levels (<35 copies/mL) three months after treatment completion
and sustainable viral response. Rapid viral response was defined
as undetectable HCV-RNA levels at week four. Recurrence was
defined as the re-positivity of HCV-RNA within the following period
after successful suppression at the end of treatment.

Patients were divided into three groups according to the viral
load’s negativity detection time.

Group 1: HCV-RNA negatives on 3 day,
Group 2: HCV-RNA negatives on 7" day,
Group 3: HCV-RNA negatives on 4" week.

The three groups were compared in terms of demographic,
virologic (baseline viral load), biochemical, hematological, and
histopathological data, duration of disease, receipt of previous
inter quartile range-based treatment, and response to DAA drugs
according to preferred modalities.
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Table 1. Patients” HCV-RNA results during treatment.

HCV RNA levels (IlU/mL)

Statistical Analysis
Statistical analysis was performed using SPSS version 21.

Patient no day 0 34 day 7" day Week 4 Descriptive analyses included data in percentage, frequency,
1 170160 2821 51 Negative mean =+ standard deviation, median, and interquartile range.
2. 667288 175,3 Negative | Negative The distribution' of continuous. datg was as;essed using the
3. 115057 L TEEe— Kolmogorov—Smwnoy tgst, Sh§p|ro—W||k test, h|?togram, and Q-Q
4 497847.6 431.4 0.4 graph. For the qualitative variables, I\/IC.Nemars test was used
5. 3307016 32573 581.9 Negatn® |Fr: the de;;andent groups, and fo; t?(; mslependen:}l groups, the
6. 2533 5572 1106.8 161.9 Negative earson (cj !—square tes; Washuse . OI”e earson ¢l t;—square tes;
7. 1204573 305.6 BT Negall \é\(aﬁ Lfse mt :astes W erethe conltl.ml)ns cann(?t e met;j an
2. 545816.4 135.1 132.9 Negative isher's exact tes .was used. qr multiple comparison proge ures
. : for non-normally dispersed continuous data, the Mann-Whitney U

9. 3156376.9 47 Negative Negative . . .

" test was used for Kruskal-Wallis and evaluated using the Bonferroni
10. 49 2120 66.2 59.7 Negative .

- correction. The p-value was accepted as 0.05.
1. 1359400.1 13.6 512 Negative
12. 3290 725 1085.6 17.7 Negative

. Results
138 930209.3 163.1 0.1 Negative
14. 427119.8 296.6 23 Negative Of the 50 patients included in our study, 28 (56 %) were females
15. 5540 190 5040.3 123.9 Negative with an average age of 58+12.84 years (Table 2). Among the
16. 69 06 16 97.1 11.2 Negative —— 3 T - -
17, 1152427.7 3524 Negatil Negatu® able 2. Baseline characteristics of patients
18. 3753603 | 145 Negative | Negative Feature n (%)
19. 2060133.5 12. Negative Negative Age (mean = standard deviation, years) | 58+12.84
20. 457433 Negative | Negative | Negative Gender (male/female, n, %) 28 (56%)/22 (44%)
218 14819597.7 | 4330 23743.4 Negative Duration of iliness (median, range) 7 years (2-10 years)
22. 256157.2 272.1 60.7 Negative Genotype
23. 5894 639 302: Negative Negative 1b 39 (78)
24, 1049279.1 Negative <35 Negative 1a 5 (10)
25. 1572073.7 225.8 30. Negative 2a 2 (4)
26. 6208199.9 124.8 Negative Negative 3a 48
28 4165828.3 0.4 28.3 Negative .

- Treatment history
28. 4741047.7 1600.7 <35 Negative -
29. 7895 671 Negative | Negative | Negative Naive : — 18 (36)
30. 2382.4 816.9 1624 Negative Pegylated interferon/ribavirin 30 (60)
31. 8500571.1 1635.9 569 Negative Sofosbuvir—ledipasvir/ribavirin 1(2)
32. 11131113.1 | 487.6 2266.6 Negative Not known 1(2)
33. 1893169.1 211.2 11.3 Negative US findings
34. 3003365 709.6 76 Negative Normal findings 27 (56.2)
35. 5008178.8 15653.1 1335 Negative Chronic liver disease 11 (22.9)
36. 12941.7 6203.5 4 599 Negative Compensated cirrhosis 8(16.7)
37. 10612291.4 | 2155.3 567.4 Negative Decompensated cirrhosis 2(4.2)
38. 197155 2.3 Negative Negative 3

Treatment regimens
39. 4764603.9 216.4 Negative Negative
- - PrOD 14 (28)

40. 1522195 10.5 Negative Negative — T
41. 79831 Negative Negative Negative rOD/Riba (1
42. 2812415.5 Negative | Negative Negative SOF/LDP 13 (26)
43. 10497565.7 | 622.8 47 Negative SOF/LDP/Ribavirin 11(22)
44. 5142276 Negative Negative Negative SOF/DAC 2(4)
45. 11181199.4 | 2431.3 266.4 SOF/ribavirin 2 (4)
46. 712609.9 44.7 Negative Negative Glecaprevir-pibrentasvir 1(2)
47. 5575319.1 | Negative | Negative | Negative Histological Activity Index* (median) 6 (5-7)
48. 821735.9 7.5 Negative Negative Fibrosis score’ (median) 3(1-6)
49. 7058061.3 2274.6 813 Negative "According to Modified Ishak's scoring system, PrOD: Paritaprevir/ritonavir/
50. 601835.6 1344.2 Negative Negative ombitasvir/dasabuvir, SOF: Sofosbuvir, DAC: Daclatasvir
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patients, seven (14%) had chronic renal failure (CKF) and six (12%)
had diabetes mellitus (DM). Ten (20%) patients were cirrhotic,
while 40 (80%) were non-cirrhotic. No significant difference was
detected in terms of treatment results between the genders.

By age comparison, younger subjects were found to have
negative HCV-RNA levels significantly earlier (p=0.005). Compared
among groups, between group 1 and group 3 (p=0.005), and
between group 2 and group 3. Among the third group, age was
statistically significant (p=0.007). Among the 2"¥and 3 groups,
there was a significant age difference (p=0.30) (Table 3).

The median disease duration was 7 vyears, ranging from

2 and 10 years. For patients with longer disease duration,
viral clearance was achieved significantly earlier (p=0.038). A

statistically significant difference was detected in disease duration
between group 1 and group 2 patients (p=0.014). The median
disease duration of patients whose HCV-RNA was negative on the
third day of treatment was 10 (6-14) years, and the median disease
duration was 2 (1-9) years for those who had negative HCV-RNA
on the seventh day, and 4 (3.25-11) years for the patients who were
negative on the fourth week.

No significant difference was detected between the patients
(n=30) who had a previous history of interferon-based therapy and
naive patients (n=20) in terms of treatment outcomes (p=0.973).

In genotype distribution analysis, 39 patients (78%) were

identified as genotype 1b. The average fibrosis score (F) of 21
patients who had undergone liver biopsy was determined as 3

Table 3. General characteristics of patients according to their group distribution
HCV-RNA HCV RNA 7t day HCV-RNA 4t week
Before treatment 3 day . L. . i
(day 0) negatives negatives (positive on negatives (positive on p
31 day) (n=19) 3 and 7t days) (n=17)
(n=13)
M/F ratio 22 of 28 7.6 6/13 8/9 0.4172
Age
Mean = SD 58+12.84 22(3413:;?82 56.42+7.66 66.06+11.88 0.005°
Median (IQR) 58 (50.75-64.5) 60.5) ) 57 (51-62) 64 (58.5-77) )
Disease duration® (years) 7 (2-10) 10 (6-14) 2 (1-9) 4 (3.25-11) 0.038°
Previous INF use (%) 30 (60%) 8 (61.5%) 11 (57.9%) 11 (64.7%) 09788
Genotype 1b ratio (%) 39 (78%) 12 (92.3%) 14 (77.8%) 13 (76.5%) 0.585¢
Viral load® (IU/mL) 3,079,870.5 (650,925- :ég?géigo i';zi'zgi)”m'mo_ 5,008,179 (400,986.5- 0.208"
5,973,029.25) -3,489,122) 1,0554,928.5)
HAI® 6 (5-7) 5.5 (4.5-6.25) | 6 (5-8) 6 (5.5-9.5) 0.297°
Fibrosis score® 3(1-6) 1(0.75-3) 3(2.5-4) 3(1.75-5) 0,114
ALT® (IU/L) 60.5 (33.75-75.5) :? f52)7'5_ 57 (29-73) 61 (38-76) 0,830°
AST® (IU/L) 45.5 (36.5-73.5) zg (72,:)'75- 42.5 (36-83) 54 (41-72) 0,399°
- . 0.56 (0.34-
T. bilirubin® (mg/dL) 0.665 (0.53-0.797) 1.035) 0.65 (0.49-1.05) 0.75 (0.63-0.79) 0,250°
WBC*® (10%/ulL) 5900 (5 100-7200) 315000(; =00 5900 (5225-8235) 5 400 (4 930-6 335) 0,204°
HGB?® (g/dL) 13.7 (12.47-14.7) ::';5()12'15- 13.7 (13.2-14.1) 13.5 (11.05-14.57) 0,547°
210,000
PLT® (10%/uL) 173 O 200 (155,500- 173,000 (81,000-220,000) | 126,500 (74,250-195,250) | 0,09°
217,500)
257,000)
Treatment regimens
5 (23.8%)
PrOD (%) 21 (44%) (5/21); 8 (38.1%) (8/21); (44.4%) oy . .
(38.5%) (8/19) 8 (38.1%); (47.1%) 0.893
(5/13)
H. 0, .
Sofosbuvirbased treatment | 55 (540, 8(296%)i | 11 (37%); (55.6%) 9 (33.3%); (52.9%) 0.893°
(%) (61.5%)
Glecaprevir-pibrentasvir 1(2%) 0 (0%) 1(100%); (5.3%) 0 (0%) -
SD: Standard deviation, IQR: Inter quartile range, INF: Interferon, HAI: Hepatic Activity Index, PROD: Paritaprevir, Ritonavir, Ombitasvir, Dasabuvir, *Median values are
given (interquartile range), *Pearson chi-square test was used, °Kruskal-Wallis's test was used, Fisher's exact test was used
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(range 1 to 6) and the histological activity index (HAIl) was 6 (range
5 to 7) according to the modified Ishak scoring system. In this
respect, no statistically significant difference was observed in the
HCV-RNA-negative periods (p=0.297).

Abdominal ultrasonography (USG) was normal in 27 patients
(56%), chronic liver disease was detected in 11 patients (22.91 %),
compensated cirrhosis was detected in 8 patients (16.66%), and
decompensated cirrhosis was detected in 2 patients (4.16%). Two
patients (4.16%) had no USG data.

Patients had mean levels of ALT 60.5 (range: 33.75 to 75.5)
IU/mL, AST 45.5 (range: 36.5 to 73.5) IU/mL, and total bilirubin
0.665 (range: 0.53 to 0.797) mg/dL before treatment. Transaminase
levels, which were above normal at the beginning, all returned to
normal levels at the first week of treatment.

Twenty-one (44%) patients received
paritaprevir+ritonavir+ombitasvir/dasabuvir, 28 (54%) patients
received sofosbuvir (SOF), and 1 (2%) received glecaprevir-
pibrentasvir. Treatment durations were 12 weeks for 44 patients
(86%), 24 weeks for 6 patients (12%), and 8 weeks for 1 patient
(2%).

Ribavirin was administered in 8 (38.1 %) patients on paritaprevir/
ritonavir/fombitasvir/dasabuvir (PrOD) and 12 (42.9%) patients
receiving SOF The bilirubin increase was not significant in both
groups, with an average increase of 0.39 mg/dL at week 4 in the
SOF group and an average increase of 0.065 mg/dL in the first
week of treatment in the PrOD regime group, which was similar
to baseline normal levels at week 4. Bilirubin changes were not
related to the receipt of ribavirin.

A total of 33 adverse effects were recorded in 20 patients
(40%), and fatigue was the most common (n=12). Others included
itching (n=3), erythema (n=3), hyperbilirubinemia (n=3), dry cough
(n=2), headache (n=2), heartburn (n=2), anemia (n=2), nausea
(n=1), rash (n=1), hypersomnia (n=1), and weight loss (n=1).
Adverse effects were similar in both treatment groups (p=0.458)
and were observed more densely in the first weeks of treatment,
with 11 patients experiencing multiple adverse effects.

The median initial viral load of the patients was 3,079,870
(650,925-5,973,029) IU/mL, and no statistically significant
relationship was found between the negativity times and the initial
viral load (p=0.208).

Plasma HCV-RNA levels were measured on days 0, 3, 7, 4, 12,
and 24. On the third day of treatment, HCV-RNA was detected
in 13 patients (22%). In 37 patients (78%), positive findings were
observed. On the 3" day, HCV-RNA was undetectable in 19 of 37
patients (38%) who were HCV-RNA positive and was recorded as
positive in 18 patients (36%).

On the 7" day of treatment, HCV-RNA was negative in 32
patients (64%).

In 48 (96%) patients undergoing treatment, HCV-RNA levels
were undetectable at week 4 (1 patient died, 1 patient lost to
follow-up and therefore results could not be recorded at week 4,
and later) and remained negative at week 12. Of the 44 patients
treated for 12 weeks, 43 were found to be HCV-RNA-negative at
week 24, whereas 1 patient was found to be positive and accepted
as unresponsive.

In 47 (97.9%) patients who completed the treatment, a
sustained viral response was obtained, and 1 (2%) patient showed
no response.

The patient, who was 56 years old and had not received a
response, was diagnosed with chronic hepatitis C (genotype 3a)
for 4 years. She had decompensated cirrhosis and previously
received interferon/ribavirin treatment. When she first received
the treatment (SOF/ledipasvir/ribavirin), she could provide it at
her own expense and use it for 12 weeks (treatment duration
was not sufficient). The second time, the same treatment was
administered for 24 weeks, and a sustained viral response was
obtained. In both treatments, on days 3 and 7, the HCV-RNA levels
of the patient were detectable. During the follow-up period, the
patient developed HCC and was treated with chemoembolization
and chemotherapy. The patient died during follow-up.

Eighteen patients had negative HCV-RNA levels at week 4,
8 of which were treated with SOF-based regimens and 10 were
treated with PrOD. The mean age was 64 years; the mean duration
of the disease was 4 (3.25-11) years, and 13 (72%) patients had
previous treatment experience. Genotype 1b was the major
genotype (n=13), and the remaining genotypes were 3a (n=3),
and 1a (n=2). The mean HAI score was 6 (range: 5.5-9.5) over 18,
and the fibrosis score was 3 (1.75-5) over 6. USG results of the
patients showed findings of cirrhosis in 8, hepatic steatosis in 2,
and chronic liver disease in 2. The accompanying comorbidities
were DM (n=3), chronic hepatitis B (n=2), delta hepatitis (n=1),
CKF (n=2), hypertension (n=2), hyperthyroidism (1), and chronic
heart failure (1). The mean baseline viral load of this group was
found to be 5,008,179 IU/mL (range: 400,986.5-1,0554,928.5) IU/
mL. When comparing this group with those whose initial viral load
was negative, no statistically significant difference was detected
(p=0.097).

Discussion

This is one of the first studies in our region to focus on early
viral kinetics in response to the treatment of chronic hepatitis
C with DAAs. We achieved sustained viral response in 47 of
50 patients (97.9%) who were able to complete the treatment
protocol. Our results are similar to those of other studies regarding
the outcomes with DAAs (5). We found that patients with early
viral load negativity had younger ages and longer mean disease
durations.

Patients over 40 years of age reportedly have higher proportions
of fibrosis (6). Older age has been associated with delayed viral
clearance and suboptimal treatment responses (6). Earlier viral
clearance in our relatively younger patients confirms the current
data.

Despite the small number of patients, baseline viral load did not
significantly affect early viral kinetics in our investigation. Using A.
linear discriminant analysis technique. Garbuglia et al. (7) examined
the potential relationship between sustained virologic response
(SVR) and viral kinetics in 33 individuals with viral hepatitis C
genotype 1. In their study, plasma HCV-RNA levels were assessed
atdays 0, 1, 2, 3, 4, 5, 14, 28 and weeks 8, 12, 24 of treatment
as well as at weeks 8, 12, 16, 20, and 24 after completion of the
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treatment protocol with telaprevir/peg-interferon/ribavirin. There
was no significant difference in early viral kinetics between those
who could or could not achieve SVR. Remarkably, there was no
correlation between SVR and initial viral load, although this study
included treatment options before DAA.

In line with some other studies, all patients receiving DAA had
normalized ALT, AST, and total bilirubin levels in our cohort (8,9).

Patients whose viral loads did not become negative on the
3 and 7" days but did so in the 4" week most frequently had
DM as a comorbidity. Diabetes is associated with an accelerated
progression of chronic hepatitis C-related liver damage and a
delayed response to treatment (10,11).

Patients receiving pegylated interferon and ribavirin were
separated into groups based on the HOMA index in a study by
Desbois et al. (11). Early viral kinetics were assessed by assessing
HCV-RNA levels at 48 h, 2, 4, and 12 weeks. It has been shown
that insulin resistance impairs viral dynamics regardless of viral
genotype and patient ethnic group (11).

Studies focusing on demonstrating early viral kinetics in patients
treated with DAA are scarce. Balagopal et al. (12) investigated the
relationship between early viral kinetics and liver histopathology in
6 treatment-naive, non-cirrhotic, HIV co-infected (ART suppressed)
chronic hepatitis C patients receiving DDA (PrOD or PrOD/Ribavirin)
and found 90% decrease in the numbers of infected hepatocytes
within 1 week after treatment initiation, indicating a correlation
between viral clearance and histopathological improvement (12).

Gambato et al. (13) we investigated early viral kinetics in
DAA-treated patients with compensated cirrhosis. The goal of this
study was to personalize treatment and reduce the time required
to achieve a cure. Blood samples were collected from 74 patients
with compensated cirrhosis who were administered DAA at the 4
hour, 8" hour, 24" hour, 2" day, 3 day, 4" day, 2" week, 3 week,
and 4" week. A viral kinetic study was conducted. In the study, 63
patients (92%) were cured. The time required for HCV clearance
was shorter in patients with a lower fibrosis score and lower initial
viral load, and modeling studies have shown that determining the
optimal duration in cirrhotic patients can reduce treatment costs
by 40%.

Perpinan et al. (14) collected blood samples from 71 HCV
patients on DAA at the 4" hour, 8" hour, 1%t day, 7" day, 2" week to
4™ week to study early viral kinetics. Cure was achieved in 63 of the
patients (89%); seven of the eight patients who could not be cured
had resistance-related genetic mutations (resistance-associated
substitution) at the time of treatment or recurrence. This study
demonstrates the significance of early viral kinetics in predicting
DAA resistance.

Dahari et al. (15) investigated early viral kinetics in 58 chronic
hepatitis C patients (57% of whom were cirrhotic) receiving various
DAA regimens and used mathematical modeling to determine
recovery time. In the study, in which a sustained viral response
was obtained in 99% of the cases, modeling results revealed that
23 (43%), 16 (30%), 7 (13%), 5 (9%), and 3 (5%) patients were
cured at the 6", 8", 10", 12t and 13" weeks of treatment, and
shortening of the treatment duration was considered to be cost-
effective.

Bertino et al. (16) used mathematical modeling to investigate
the efficacy of short-term treatments in patients infected with
genotype 1b who were treated with daclatasvir and asunaprevir.
Blood samples were collected from patients just before treatment,
at the 4" hour, 8" hour, 48" hour, 72" hour, 15 week, 4" week,
24" week, and 12 weeks after treatment, and their HCV-RNA
levels were measured. Of the 95 patients included in the study,
89 (94%) were cured. According to the modeling study, patients
with HCV-RNA levels of 15 IU/mL on days 14 and 28 could achieve
cure rates of 100% and 98.5%, respectively, with 6 and 8 weeks
of treatment.

In the study conducted by Maasoumy et al. (17) including 298
patients, viral kinetics at weeks 0, 1, 2, 4, 8, 12, 16, 20, and 24
were evaluated with 4 different SOF-based treatment regimens.
The likelihood of recurrence in genotype 3 patients was found to
be significantly correlated with the high HCV RNA levels detected
at the second week of SOF/RBV treatment.

While a shorter duration of disease was found to be a favorable
factor for SVR with pegylated interferon + ribarivin treatment (18),
we found the contrary with direct acting antivirals; the patient who
achieved HCV-RNA negativity on the 3 day of treatment had a
longer duration of disease. The duration of the disease, either
shorter or longer, has not been shown to be a predictive factor of
response previously (19,20).

Conclusion

In our study, 47 of the 48 patients (97.9%) who successfully
completed DAA treatment achieved SVR, with only one (2.08%)
returning to positive 12 weeks after treatment and evaluated as
relapse. However, he was cured after a 24-week re-treatment.

It was determined that patients with a younger age and longer
disease duration had earlier viral clearance. However, no association
was observed between the initial viral load and early viral kinetics.

Because the recurrence rate was so low (2.08%), no
conclusions could be drawn regarding the relationship between
early viral kinetics and recurrence frequency. Larger case series can
reveal this relationship more clearly.
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ABSTRACT

Obijectives: Chronic hepatitis C treatment response is strongly
associated with interleukin 28B (IL-28B) single nucleotide gene
polymorphism (SNP). In this study, we aimed to investigate the
association of the IL-28B rs8099917 SNP with the first-year
virological response in chronic hepatitis B (CHB) patients receiving
antiviral treatment.

Materials and Methods: \We enrolled 100 CHB patients over the
age of 18 years who had been on oral antiviral treatment for at
least a year. IL-28B rs8099917 SNP was analyzed from the blood
samples by polymerase chain reaction. The first-year virological
response was investigated retrospectively.

Results: No statistically significant association was found
between the [L-28B rs8099917 SNP and first-year virological
response (p=1.000). The mean age of patients who did not obtain
a first-year virological response was significantly lower than that
of those who did (p=0.022), and the median values of alanine
aminotransferase (xULN) and hepatitis B virus (HBV)-DNA log, , U/
mL were higher (p<0.001 and p<0.001, respectively). The first-
year virologic response rate was significantly lower in hepatitis B
e antigen-positive patients than in negative patients (p<0.001).
In the multivariate model, it was found that having a high HBV-
DNA level was strongly linked to not having a first-year virological

0z

Amag: Kronik hepatit C tedavisine yanit, interlokin-28B (IL-28B) tek
nikleotid polimorfizmi (SNP) ile guglu bir sekilde iliskilendirilmistir.
Bu arastirmada antiviral tedavi alan kronik hepatit B (KHB)
hastalarinda 1L-28B rs8099917 SNP’nin birinci yil virolojik yanit ile
iliskisini arastirmayi amacladik.

Gerec ve Yontemler: Arastirmaya, en az bir yildir oral antiviral
tedavi géren 18 yas Ustl 100 KHB hastasini dahil ettik. [L-28B
rs8099917 SNF kan drneklerinden polimeraz zincir reaksiyonu ile
analiz edildi. Ik yildaki virolojik yanit geriye déniik olarak arastirildi.
Bulgular: [L-28B rs8099917 SNP ile birinci yil virolojik yanit
arasinda istatistiksel olarak anlamli bir iliski bulunamadi (p=1,000).
Birinci yilda virolojik yanit saglanamayan hastalarin ortalama yasi,
saglanabilenlere gore istatistiksel acidan anlamli olarak daha
dusuk (p=0,022), alanin aminotransferaz (xULN) ve hepatit B virlis
(HBV)-DNA log,, IU/mL ortanca degerleri daha ylksekti (sirasiyla;
p<0,001 ve p<0,001). Birinci yildaki virolojik yanit orani, hepatit B e
antijen pozitif hastalarda negatif hastalara gore istatistiksel acidan
anlamli derecede duslktl (p<0,001). Cok degiskenli modelde,
ylksek dizeyde HBV-DNA'ya sahip olmanin, ilk yilda virolojik
yanitin olmamaslyla gticld bir sekilde baglantili oldugu bulundu (risk
orani: 1,995, %95 glven araligi: 1,311-3,036, p=0,001).
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response (risk ratio: 1.995, 95% confidence interval 1.311-3.036,
p=0.001).

Conclusion: An association between IL-28B SNP and first-year
virological response was not found in patients with CHB. Studies
assessing different [L.-28B SNPs are warranted to understand the
factors affecting treatment response.

Keywords: Chronic hepatitis B, single nucleotide polymorphism,
treatment response, interleukin-28B

Introduction

Chronic hepatitis B (CHB) is one of the main causes of cirrhosis
and hepatocellular carcinoma, making it a serious health concern.
Interferon-alpha (IFN-a) is an antiviral protein used for treating CHB.
IFN-A induces a signaling pathway similar to IFN-a. and thus shows
antiviral activity. IFN-A3, also known as interleukin-28B (IL-28B),
exerts an antiviral effect via IFN-stimulated gene (ISG) up-regulation
(1). Chronic hepatitis C (CHC) treatment response was strongly
associated with IL-28B single nucleotide gene polymorphism (SNP)
(2,3,4,5). However, studies with peg-IFN treatment and IL-28B SNP
in patients with CHB have had conflicting results (6,7,8,9,10), and
there are few studies on the response to oral antiviral treatments.
The aim of this study was to evaluate the influence of IL-28B
rs8099917 SNP and other factors on the first-year virologic
response to oral antiviral treatment in patients with CHB.

Materials and Methods

Study Design, Selection of Cases, and Collection of Data

This research is a retrospective descriptive study. We included
100 CHB patients who had received oral antiviral agents for at
least one year, aged 18 years and older, and who came to the
Ankara Training and Research Hospital, Infectious Diseases and
Clinical Microbiology Department from December 1, 2016, to
January 1, 2017, in the study. Patients who were not compliant
with treatment, were under 18 years of age, had a malignancy,
metabolic or immunological disease, CHC or HIV infection, became
pregnant during treatment, or received immunosuppressive
therapy, systemic corticosteroids, or chemotherapy were
excluded. Demographics, laboratory, and treatment information
were retrospectively collected from patient records. The patients
underwent liver biopsy before treatment. Biopsy results were
analyzed as defined by Ishak et al. (11), and modified histological
activity index (HAI) scores and fibrosis stages were recorded.
Alanine aminotransferase (ALT) values, hepatitis B serology, and
HBV-DNA levels measured during therapy were recorded. Hepatitis
B surface antigen, anti-HBs, hepatitis B e antigen (HBeAg), and
anti-HBe were examined with the (ELISA) method using the Roche
Diagnostics/Cobas 6000 €601 analyzer. The HBV-DNA test was
performed using a Qiagen polymerase chain reaction (PCR) kit
(Artus Qiagen GmbH, Hilden, Germany).

The upper limit of normal (ULN) for ALT was 40 U/L, as
determined by laboratory reference ranges. The ALT (xULN) value
was calculated using the formula (ALT/ULN) to evaluate how many
times the ALT value was the ULN.

Sonug: KHB hastalarinda IL-28B SNP ile birinci yil virolojik yaniti
arasinda bir iliski bulunamamistir. Tedavi yanitini etkileyen faktorleri
anlamak icin farkli 1L.-28B SNP’lerini degerlendiren calismalara
ihtiyac vardir.

Anahtar Kelimeler: Kronik hepatit B, tek nikleotid polimorfizmi,
tedavi yaniti, interlokin-28B

The first-year virological response was defined as having an
HBV-DNA level below the detectable limit at the end of the first
year in patients with CHB treated with oral antivirals.

IL-28B Gene Polymorphism Analysis

Under the supervision of the investigator, 5 mm of the
patients’ blood was drawn into EDTA tubes. and stored at -80
°C in the laboratory of Ankara Numune Training and Research
Hospital until examination. The extraction of genomic DNA
from the blood samples was performed using theGeneMATRIX
Quick Blood DNA Purification Kit, as per the manufacturer’s
recommendations. For PCR analysis, PCR buffer, MgCI2, dNTP
mix, forward and reverse primers, Tag DNA polymerase, and DNA
template components were prepared. The SNP of rs8099917
near IL-28B was investigated. PCR conditions were applied to
the prepared samples. The target region of the /L-28B gene
was amplified in a Kyratec thermocycler using the primer pair
TCCATGTGTTTTATTTGTGC and GGAGAATGCAAATGAGAGA. The
obtained PCR products were carried out by electrophoresis at 100
volts for 70 min on a 1.5% agarose gel prepared with 1x TAE buffer.
The image was taken under UV light with ethidium bromide dye.
After purification, PCR products were sent for DNA sequencing,
which was performed unidirectionally in Macrogen with an ABI
3730XL automated sequencer device (Applied Biosystems, Foster
City, CA) and BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems). BLAST analysis was performed using the obtained
sequence analysis results and gene bank data for each sample and
its type was determined. SNP genotyping analysis was performed
by aligning with the sequence analysis results using the online
Multalin program.

Statement of Ethics

Research ethics committee approval was obtained from the
Ankara Numune Training and Research Hospital Ethics Committee
(approval number: 990/2016, date: 29.06.2016). Informed consent
was obtained from the patients.

Statistical Analysis

The study statistics were made using the IBM Statistical
Package for the Social Sciences (SPSS) Version 22.0 (Armonk,
NY: IBM Corp) program. The conformity of the variables to
the normal distribution was examined using analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk tests). Chi-square, Fisher's
exact test, independent samples t-test, and Mann-Whitney U tests
were used for statistical evaluation. \Whether the possible factors
identified in the previous analyses to predict treatment outcome



110

llgar et al.

Chronic Hepatitis B Treatment Response and IL-28B

were independent predictors was examined by logistic regression
analysis in multivariate analysis. The Hosmer-Lemeshow test was
used for model fit. A p-value 0.05 was considered statistically
significant. Power analysis was conducted with a power of 80%
and a margin of error of 0.05 using the G"Power 3.1.9.2 program.
The analysis revealed that a minimum sample size of 64 participants
was required to achieve adequate statistical power. The statistical
significance level was set at 0.05.

Results

In this study, we enrolled 100 CHB patients who had been on
oral antiviral treatment for at least a year. Because one patient was
excluded because genotyping could not be performed, 99 patients
were included in the study. The mean age of the patients was
44+11.7 years, and 54 (54.5%) were female. The median initial
ALT was 30 U/L (minimum-maximum: 6-282 U/L), ALT (xULN) was
0.75 (minimum-maximum: 0.15-7.05) and HBV-DNA value was
4.36 log10 IU/mL (minimum-maximum: 3-10 log10 IU/mL). HBeAg
positivity was detected at the beginning of treatment in 20 (20.2%)
patients. 22 (22.2%) of the patients were receiving treatment with
lamivudine, 20 (20.2%) with telbivudine, 24 (24.2%) with entecavir,
and 33 (33.3%) with tenofovir disoproxil fumarate (TDF).

A liver biopsy could not be performed in the two patients
before treatment. For patients who underwent biopsy, the median
HAI score was 4 (minimum-maximum: 0-14) and the fibrosis stage
was 2 (minimum-maximum: 0-5). Genotyping of rs8099917 near
IL-28B revealed that 63 (63.7%) patients had the TT genotype and
36 (36.3%) had the non-TT genotype [34 (34.3%) with GT and 2

(2%) with GG]. There was no difference between the TT and non-
TT genotype groups in gender, HBeAg positivity rate, mean age,
HAI score, fibrosis stage, ALT (xULN), and HBV-DNA log10 1U/mL
levels (p>0.05 for each) (Table 1).

Virological Response

The virological response was observed in 77 (77.7%) patients
during the first year. No difference in the first-year virological
response rate was found between the IL-28B rs8099917 TT and
non-TT genotype groups (p=1.000) (Table 1).

The mean age of patients who did not obtain a first-year
virological response was found to be significantly lower than that
of those who did (p=0.022). The median values of ALT (xULN) and
HBV-DNA log,, IU/mL were significantly higher in patients who did
not achieve a first-year virological response than those who did
(p<0.001 and p<0.001, respectively). HBeAg-positive patients had
a significantly lower first-year virological response rate than HBeAg-
negative patients (p<0.001) (Table 1). The multivariate model was
performed using the variables of age, ALT (xULN), HBV-DNA log,,
HBeAg positivity, and [L-28-B rs8099917 TT genotype. Having a
high initial HBV-DNA log,, IU/mL level was statistically significant
for lack of first-year virological response (risk ratio: 1.995, 95% Cl:
1.311-3.036, p=0.001) (Table 2).

Discussion

There were 63.7% TT genotypes and 36.3% non-TT (34.3%
GT, 2% GG) genotypes for IL-28B rs8099917 in our study. As
stated in other studies, the dominant genotype was found to be
TT (8,12,13).

Table 1. Distribution of patients’ IL-28B rs8099917 genotypes and first-year virological responses
IL28-B rs8099917 genotype The first-year virological response
p-value p-value
TT, (n=63) Non-TT’, (n=36) Nof, (n=22) Yes', (n=77)
Female 35 (55.6) 19 (52.8) 14 (25.9) 40 (74.1)
Gender; (n %) 0.789™ 0.332*
Male 28 (44.4) 17 (37.8) 8(17.8) 37 (82.2)
Age (years)*; (mean = SD) 44.2+11.1 43.6£12.8 0.801" | 38.9+12.1 45.4+11.2 0.022""
ALT (xULN)?*; [median (min.-max.)] 0.83 (0.15-7.05) | 0.68 (0.35-7.03) | 0.948* | 1.8 (0.45-4.48) | 0.65 (0.15-7.05) <0.001#
HBV-DNA (IogwIU/mL)*; [median (min.-max.)] | 4.5 (3.3-9) 4.1 (3.3-9.8) 0.779*% | 7.5 (4-10) 4 (3-9) <0.001%#
Negative 47 (74.6) 32 (88.9) 10 (12.7) 69 (87.3)
HBeAg; (n, %)™ 5 0.089" <0.001%®
Positive 16 (25.4) 4(11.1) 12 (60) 8 (40)
HAI?; [median (min.-max.)] 4 (0-14) 4(2-11) 0.620"* | 5(0-12) 2 (0-5) 0.153%#
FS$; [median (min.-max.)] 2 (0-5) 2 (0-4) 0.814% | 4 (1-14) 2 (1-5) (0L7/7/70
Lamivudine | 14 (22.2) 8(22.2) 6 (27.3) 16 (72.7)
Telbivudine | 16 (25.4) 4(11.1) 1(5) 19 (95)
Antiviral treatment (n %) Entecavir 14 (22.2) 10 (27.8) 0.372" 7 (29.2) 17 (70.8) 0.212"
Tenofovir
disoproxil 19 (30.2) 14 (38.9) 8(24.2) 25 (75.8)
fumarate
IL28-B rs8099917 genotype; | I'T s 14 (22.2) 49 (77.8) 1.000"
(n %) Non-TT 8 (22.2) 28 (77.8) i
“Column percentage, "Row percentage, *At the beginning of treatment, *Since liver biopsy did not performed in two patients, the data of 97 patients were used, “"Chi-
square test was used, "Independent samples t-test was used, *Mann-Whitney U test was used, **Fisher’s exact test was used. ALT: Alanine aminotransferase, ULN:
Upper limit of normal (accepted as 40 U/L), HBV: Hepatitis B virus, HBeAg: Hepatitis B e antigen, HAI: Histology activity index, FS: Fibrosis score
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Table 2. Risk factors for failure to achieve a first-year
virological response

Risk factor RR (95% Cl) p-value
Age 0.953 (0.902-1.007) 0.085
ALT (xULN)" 0.929 (0.553-1.563) 0.783
HBV-DNA (log,, IU/mL)"* 1.995 (1.311-3.036) | 0.001
HBeAg positivity" 3.324 (0.756-14.614) | 0.112
IL-28-B rs8099917 TT genotype | 1.175 (0.275-5.024) 0.112

At the beginning of treatment. ALT: Alanine aminotransferase, ULN: Upper
limit of normal (accepted as 40 U/L), HBV: Hepatitis B virus, HBeAg: Hepatitis
B e antigen, RR: Risk ratio, Cl: Confidence interval

[t is known that there is a relationship between the CHC
treatment response and IL-28B SNPs. The IL-28B rs8099917 TT
genotype was associated with a higher virological response to
peg-IFN and ribavirin (5), and the GG genotype was associated
with a higher early virological response rate to direct-acting antiviral
therapy (14). Patients with the rs8099917 TG and GG genotypes
had an increased risk of null virological response in dual CHB and
CHC infection (15). IL-28B rs12979860 and rs8099917 SNPs were
related to the peg-IFN response in patients with chronic hepatitis
D (16). However, few studies have investigated the association
of IL-28B SNP with oral antiviral treatment response in patients
with CHB. No relationship was observed between the [L-28B
rs12979860 SNP and virological response to oral antiviral therapy or
peg-IFN therapy in patients with CHB (17). Yu et al. (18) found that
CHB patients with the rs8099917 GT genotype were associated
with better treatment response to lamivudine, whereas Cakal et
al. (19) reported that there was no relationship between rs8099917
genotypes and virological response to entecavir, TDF and tenofovir
alafenamide fumarate treatments. In our study, no relationship was
found between the IL-28B rs8099917 genotype groups and first-
year virological response to oral antiviral treatment in CHB patients
(p=1.000). IFN-A shows antiviral activity by inducing a signaling
pathway similar to IFN-a. It is thought that the IL-28B pathway
contributes more to the response to hepatitis C virus infection
than to hepatitis B virus infection (20). In addition to activating
ISG expression, IFN-A may also induce other antiviral signaling
pathways that may be important in the hepatitis C virus (21). This
may help explain why we failed to link the IL-28B SNP to the
virological response in patients with CHB.

The virological response rates were lower in HBeAg-positive
patients treated with entecavir (22) and telbivudine (23) than in
HBeAg-negative patients. However, Lim et al. (24) reported that
baseline HBeAg status does not affect the virological response of
patients with CHB receiving adefovir treatment. HBeAg-positive
patients in our study exhibited a lower virological response rate
than HBeAg-negative patients, although multivariate analysis did
not statistically confirm this link.

Studies have shown a relationship between age and virological
response. It has been reported that the rate of virological response
to adefovir treatment is higher in older patients (24). A study
by Ono et al. (25) evaluated treatment response in patients
receiving entecavir. In univariate analysis, being over 40 years
of age was found to be a factor associated with the first-year
virological response, but no significant relationship was found
when multivariate analysis was performed. Similarly, we found that

patients with first-year virological response had a higher mean age
than those without (p=0.022), but age was not evaluated as a risk
factor in multivariate analysis.

Zeuzem et al. (26) reported that HBeAg-positive patients with
HBV-DNA values below 9 log,, copies/mL and HBeAg-negative
patients whose HBV-DNA values were below 7 log,, copies/
mL before treatment had a higher virological response rate with
telbivudine treatment than those with the above. CHB patients
receiving entecavir therapy with HBV-DNA levels above 7.3
log,, copies/mL were found to have a lower first-year virological
response rate (70.4%) than those with lower HBV-DNA levels
(88.7%) (27). Ono et al. (25) reported that an HBV-DNA value below
7.6 log,, copies/mL was associated with a first-year virological
response to entecavir treatment. Consistent with the literature, we
found that the median HBV-DNA log, , value of patients who did not
obtain a first-year virological response was higher than that of those
who did (p<0.001) and this relationship was statistically significant
in multivariate analyses.

Patients with ALT above 2xULN were found to have a higher
virological response rate to telbivudine in the second year of
treatment (26). Tsai et al. (28) found that patients with initial ALT
values higher than 2xULN showed a better first-year virological
response rate. However, Lim et al. (24) reported no significant
relationship between ALT levels and the rate of virological response
to adefovir therapy. In contrast to other studies in the literature,
we found that patients who did not obtain a first-year virological
response had a significantly higher median ALT (xULN) value
compared with those who did (p<0.001) but this association could
not be demonstrated in the multivariate model.

Study Limitations

The first limitation of this study is that it is retrospective.
Therefore, examining the factors affecting response to treatment
was not comprehensive. As a limitation of the study, it is stated
that treatment groups (such as lamivudine, entecavir, etc.) of CHB
patients were not shown homogenous distribution according to
the retrospective study design. The other limitation is that we only
tested one SNP near IL-28B. Hence, evaluation of other IL-28B
SNPs could not be performed.

Conclusion

No association between [L-28B rs8099917 SNP and first-year
virological response to oral antiviral therapy in patients with CHB
was found in our study. There are very few studies in the literature
investigating the link between [L-28B SNP and oral antiviral
treatment response in patients with CHB. We believe that studies
examining not only different IL-28B SNPs but also other cytokine
polymorphisms are warranted. Thanks to these studies, it will
be possible to identify markers that will help predict treatment
response in patients with CHB.
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ABSTRACT

Objectives: Serological tests and elastography have recently been
used more commonly for the detection of liver fibrosis. The aim
of this study was to compare the histopathologically confirmed
liver fibrosis stage with serological tests and point shear wave
elastography (pSWE) in chronic hepatitis B (CHB) patients.
Materials and Methods: Patients who underwent liver biopsy for
CHB in the infectious diseases clinic were included. Demographic
characteristics, laboratory results, and pPSWE measurements were
recorded retrospectively. pPSWE measurements were evaluated
according to the guidelines of the European Federation of
Ultrasound Societies in Medicine and Biology.

Results: Thirty-five patients were included in the study, 23 (65.7 %)
of whom were male. The mean age was 47.2+12.6. Significant
fibrosis was found in 15 patients (42.9%) on histopathological
evaluation. The mean pSWE value of patients with mild fibrosis
was 1.6+0.5 m/sec and with significant fibrosis was 2.2+0.5 m/
sec. Significant fibrosis risk was shown to be associated with
mean pSWE values (p=0.002) and the accuracy rate was calculated
62.8% (the area under the curve: 0.807). When the cut-off value of
pSWE was taken as 1.77 m/sec to determine significant fibrosis
(likelihood ratio: 2.67), the sensitivity was 80% and the specificity
was 70% (p=0.002). The correlation between pSWE median
values with age (r=0.452, p<0.01), body mass index (r=0.673,
p<0.01), grade of steatosis (r=0.534, p<0.01), and stage of fibrosis
(r=0.633, p<0.01) was calculated.

0z

Amag: Son zamanlarda karaciger fibrozisinin tespitinde serolojik
testler ve elastografi daha yaygin olarak kullaniimaktadir. Bu
calismanin amaci kronik hepatit B (KHB) hastalarinda histopatolojik
olarak dogrulanan karaciger fibrozisi evresini serolojik testler ve
point shear wave elastografi (0SWE) ile karsilastirmaktir.

Gere¢c ve Yontemler: Enfeksiyon hastaliklari kliniginde KHB
nedeniyle karaciger biyopsisi yapilan hastalar calismaya dahil
edildi. Demografik o6zellikler, laboratuvar sonuclari ve pSWE
olctimleri retrospektif olarak kaydedildi. pSWE olctUmleri, Avrupa
Tip ve Biyolojide Ultrason Dernekleri Federasyonu yonergelerine
gore degerlendirildi.

Bulgular: Calismaya dahil edilen 35 hastanin 23'l (%65,7) erkekti.
Ortalama yas 47,2+12,6 idi. Histopatolojik degerlendirmede
15 hastada (%42,9) belirgin fibrozis saptandi. Hafif fibrozisli
hastalarin ortalama pSWE degeri 1,6+0,5 m/sn, belirgin fibrozisli
hastalarin ise 2,2+0,5 m/sn idi. Belirgin fibrozis riskinin ortalama
pSWE degerleriyle iliskili oldugu gésterildi (p=0,002) ve dogruluk
orani %62,8 olarak hesaplandi (Egri altinda kalan alan: 0,807).
Belirgin fibrozisin belirlenmesi icin pSWE'nin esik degeri 1,77
m/sn alindiginda (olasilik orani: 2,67) testin duyarliigi %80 ve
0zgulligl %70 olarak bulundu (p=0,002). PSWE medyan degerleri
ile yas (r=0,452, p<0,01), vlcut kitle indeksi (r=0,673, p<0,01),
hepatosteatoz derecesi (r=0,534, p<0,01) ve histopatolojik fibrozis
skorlari (r=0,633, p<0,01) arasinda orta seviyede pozitif ve anlamli
bir korelasyon oldugu gosterildi.
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Conclusion: pSWE is promising; however, it is thought that the
method will develop further if pPSWE is used more frequently in
clinical practice.

Keywords: Chronic hepatitis B, liver fibrosis, point shear wave
elastography

Introduction

Hepatitis B virus (HBV) is a global health problem. Regular
follow-up of this disease is important because it causes serious
complications such as cirrhosis, hepatocellular cancer (HCC), and
death in chronic cases (1).

The stage of liver fibrosis in patients is determined by biopsy,
the gold standard method. In recent years, non-invasive methods
have been used more frequently due to liver biopsy being invasive
in nature, risk of complications, difficulty in repeating, and high cost
(2).

Non-invasive methods consist of two categories: serological
testsandelastography. Serological tests [Aspartate aminotransferase
(AST) platelet ratio index (APRI), Fibrosis-4 (FIB-4), FibroTest/
FibroSure (Labcorp, United States) etc.] are used more frequently
because of ease of administration. However, there are not enough
studies related to serological tests that have accurate sensitivity
and specificity that can replace histopathological evaluation directly
in the literature (3,4). Therefore, it is generally recommended to use
these markers in combination with elastography. Elastography is an
alternative to biopsy and gives an idea about liver fibrosis according
to the degree of hardness of the tissue ().

This study was conducted to compare the histopathologically
confirmed liver fibrosis stage with serological tests and point shear
wave elastography (pSWE) in chronic hepatitis B (CHB).

Materials and Methods

Study Design and Ethical Statement

This study was conducted between 01.09.2021 and 01.09.2022
as a descriptive retrospective study. Ethics committee approval was
obtained from the Clinical Research Ethics Committee (approval
number: 2022/133, date: 12.10.2022). The study was conducted in
accordance with the Declaration of Helsinki.

Clinical Data

The inclusion criteria for the studywere as follows: (I) being
followed up due to CHB in the infectious diseases clinic between
01.09.2021 and 01.09.2022, (Il) having undergone liver biopsy in
the interventional radiology, (Ill) being between the ages of 18 and
85, and (IV) having hepatitis B surface antigen positivity for more
than six months. Patients with a diagnosis of viral hepatitis other
than HBV infection and incomplete clinical or laboratory data were
excluded from the study.

Data Sources, Measurement, and Variables

All patients’ age, body mass index (BMI), gender, laboratory
results, and pSWE measurements were retrospectively analyzed
from hospital records. The test results of all patients obtained

Sonug: pSWE Umit vericidir; ancak pSWE'nin klinik uygulamada
daha sik kullanilmasi durumunda yoéntemin daha da gelisecegi
dustnUlmektedir.

Anahtar Kelimeler: Kronik hepatit B, karaciger fibrozisi, point
shear wave elastografi

immediately before the biopsy day were recorded. Serological
fibrosis scores were calculated using the following formulas (5):

FIB-4 = Age (years) x AST (U/L)/[platelet count (10%L) x  (U/L)]

APRI = [(AST/upper limit of normal AST range) x100]/platelet
count

Forn's index = 7.811-3.131 x log (platelet count) + 0.781 x
log [gamma-glutamyl transferase (GGT) (U/L)] + 3.467 x log (age)
-0.014 x (total cholesterol)

NAFLD = -1.675 + 0.037 x age (years) + 0.094 x BMI (kg/m?)
+ 1.13 x impaired fasting glucose or diabetes mellitus (yes = 1, no
= 0) + 0.99 x AST/alanine aminotransferase (ALT) ratio - 0.013 x
platelet count (x10%L) - 0.66 x albumin (g/dL).

All patient measurements were made by the same radiologist
who was unaware of patient information. A Siemens Acuson
S3000 ultrasound device and curvilinear probe were used for
pSWE.

pSWE measurement was performed at a depth of 2-7 cm of
the liver capsule from the intercostal space while the patient was
in the supine position and holding breath at the end of expiration.
Ten measurements were performed for each patient, and the
median value of these measurements was given as the pSWE
result. pPSWE measurements were performed in accordance with
the European Federation of Societies for Ultrasound in Medicine
and Biology (6).

Grouping Methods for Participants and Definitions

Patients were divided into two groups according to their
Metavir fibrosis scores. Patients with pSWE 1.35 m/sec (FO and F1)
were grouped as having mild fibrosis, and patients with 1.35 m/sec
and above (F2 and above) were grouped as significant fibrosis (6).

Histopathological evaluation of biopsies is performed according
to the Ishak scoring system in our hospital. The patients were
divided into two groups according to Ishak fibrosis scores. Patients
with fibrosis scores of 0 and 1 were grouped as having mild
fibrosis; patients with a fibrosis score of 2 or more were grouped
as having significant fibrosis.

Statistical Analysis

SPSS version 22.0 program was used for statistical evaluation.
The Kolmogorov-Smirnov “Test of Normality” was used to analyze
the conformity of the data to normal distribution, and those with
p>0.05 were considered to be normally distributed. Risk prediction
to distinguish significant fibrosis from mild fibrosis was evaluated
using receiver operating characteristic (ROC) analysis. The cut-off
value was determined after calculating the likelihood ratio (LR)
in the ROC analysis for pPSWE measurement. The p-values for all
tests were calculated at the a<0.05 significance level.
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Results

Thirty-five patients who met the inclusion criteria were enrolled
in the study. Twenty-three (65.7%) patients were male and 12
(34.3%) were female. The mean age of the patients was 47.2+12.6.

According to the Ishak fibrosis scoring system, mild and
significant fibrosis was detected in 20 (57.1%) and 15 (42.9%)
patients, respectively. In addition, five or six fibrosis scores were
not detected in any patient.

A comparison of the demographic characteristics, laboratory
parameters, and pSVWE measurements of the patients according to
their Ishak fibrosis scores is shown in Table 1. The risk of significant
fibrosis increased significantly with age and BMI (p=0.018 and
p=0.032). A statistically significant relationship was not found
between Ishak fibrosis scores and laboratory parameters and
serological tests.

The mean pSWE value of patients with mild fibrosis was
1.6+£0.5 m/sec and with significant fibrosis was 2.2+0.5 m/
sec. Significant fibrosis risk was associated with mean pSWE
values (p=0.002). According to PSWE measurements, mild and
significant fibrosis was detected in 7 (20%) and 28 (80%) patients,
respectively.

A cross-table of patients with mild and significant fibrosis
according to Ishak fibrosis scores and pSWE measurements was
performed (p=0.012). The sensitivity and specificity of the pSWE
measurements were calculated as 100% and 35%, respectively.
The positive predictive value was 53.5%, whereas the negative
predictive value was 100%. The accuracy rate of the test was
62.8%.

Toanalyze the diagnostic performance of pPSWE, ROC curve was
used based on the fibrosis score determined by histopathological
evaluation (Figure 1).

In the ROC curve analysis, which was performed to predict
the risk of significant fibrosis, the area under the curve (AUC)
was calculated as 0.807 (95% confidence interval: 0.663-0.951).
According to the study, when the cut-off value of pSWE was
taken as 1.77 m/sec to determine significant fibrosis (LR: 2.67),
the sensitivity of the test was 80% and the specificity was 70%
(p=0.002).

According to the ultrasound records of the patients, hepatic
steatosis was found in 16 patients (45.7%). Five of the patients
(14.3%) had grade 1 steatosis and 11 (31.4%) had grade 2
steatosis. Spearman’s test was performed to investigate the
correlation between the patients’ Ishak fibrosis scores and pSWE
median measurements, age, BMI, and grade of hepatic steatosis

patients according to Ishak fibrosis scores

Table 1. Comparison of the demographic characteristics, laboratory parameters, serological tests, and pSWE measurements of

Mild fibrosis, (n=20, 57.1%) | Significant fibrosis, (n=15, 42.9%) | Total (n=35) p-value

Demographic characteristics

Age (mean = SD) 43+12.6 53+10.4 47.2£12.6 0.018"
BMI (mean + SD) 25.7+4.8 29.5+5.1 27.3+5.2 0.032"
Gender (n, %)

Female 5 (14.3%) 7 (20%) 12 (34.3%) el
Male 15 (42.8%) 8 (22.9%) 23 (65.7%)
Laboratory parameters median (min.-max.)

AST, U/L 27.5 (14-122) 25 (14-175) 27 (14-175) 0.505
ALT, U/L 38.5 (15-203) 29 (13-304) 35 (13-304) 0.484
GGT, U/L 22 (12-146) 22 (12-40) 22 (12-146) 0.125
Total cholesterol, mg/dL 174.5 (97-258) 161 (142-290) 166 (97-290) | 0.739
Laboratory parameters (mean = SD)

Platelet, x10%/uL 216.1+70.8 238.6+60.2 225.7+66.5 0.328
Albumin, g/dL 4.3+0.2 4.2+0.3 4.3+0.3 0.294
Serological tests median (min.-max.)

FIB-4 1.1 (0.4-4.3) 0.9 (0.3-3.1) 0.9 (0.3-4.3) 0.443
APRI 0.3(0.1-1.7) 0.2 (0.1-3) 0.3(0.1-3) 0.907
Serological tests (mean = SD)

Forn’s index 4+1.4 4.8+1.5 4.3+1.5 0.125
NAFLD score 0.1+£1.2 0.5+0.8 0.3+1.1 0.208
Radiology results (mean = SD)

pSWE measurements, m/s 1.6+£0.5 2.2+0.5 1.9+0.6 0.002"

Maximum, pSWE: Point shear wave elastography

"p<0.05 was considered statistically significant; n: number of patients. BMI: Body mass index, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, GGT:
Gamma-glutamy! transferase, FIB-4: Fibrosis-4, APRI: AST platelet ratio index, NAFLD: Nonalcoholic fatty liver disease, SD: Standard deviation, min.: Minimum, max.:
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(Table 2). There was a positive and significant correlation between
the variables. The strongest relationship was found between the
pPSWE median values and BMI (Figure 1).

Discussion

Anyone living with CHB infection should be followed up
regularly at 3-6 months intervals because of the risk of developing
cirrhosis, liver failure, and HCC (7). To prevent cirrhosis and HCC in
patients with CHB, it is critical to identify risk factors that may be
associated with fibrosis. In a study by Wu et al. (8), the parameters
that predict fibrosis in CHB patients were evaluated. As a result;
male gender, 218 years of age, high a-fetoprotein level and CHB
disease with hepatitis B e antigen negative are found as the
associated risk factors (8). In another study, advanced age (=50
years), being overweight (BMI >28 kg/m?), and high triglyceride
and ALT levels were found to be independent risk factors for septal
fibrosis (9). In our study, it was also shown that the risk of fibrosis
increases significantly with age and BMI, significantly (p=0.018 and
p=0.032).

In a review, serological tests such as APRI, FIB-4, and FibroSure
can also be used for liver fibrosis scoring in patients who cannot
undergo biopsy because they are clinically unsuitable. Nevertheless,
it also warns that the accuracy rates of these tests are variable in
previous studies (10).

In Kim et al. (11), 575 patients evaluated the performance of
the APRI and FIB-4 tests in patients who underwent biopsy. While
APRI and FIB-4 test results at the beginning of treatment were
similar to those of the Ishak scoring system (p<0.01), they were
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found to be lower in patients followed 240 weeks after treatment.
For this reason, it has been emphasized that APRI and FIB-4 scores
are not sufficient in the evaluation of liver fibrosis, especially in the
treatment follow-up (11). Therefore, it is generally recommended to
use these markers in combination with elastography (5).

A meta-analysis by Jiang et al. (12) compared the diagnostic
accuracy of pSWE and transient elastography in predicting liver
fibrosis. The rate of failed measurement was found to be more
than ten times greater for transient elastography than for pSWE
(12). In another study, transient elastography was found to perform
better than pSWE in detecting significant and advanced fibrosis
(13). Studies have shown that the diagnostic accuracy of imaging
methods is better, especially in advanced fibrosis stages. The
superiority of transient elastography and pSWE has not yet been
clearly demonstrated.

In a prospective multicenter study in patients who underwent
biopsy for chronic liver disease conducted by Sande et al. (14),
the role of factors such as age, gender, and hepatic steatosis in
addition to pSWE measurements in the prediction of liver fibrosis
was evaluated using logistic regression analysis, and modeling was
performed to detect fibrosis. According to the logistic regression
analysis applied to all variables in the model, it has been shown
that pPSWE and hepatic steatosis are variables that contribute to the
predictive power of the model. The AUC was calculated as 0.91
when only pSWE was used in the detection of significant fibrosis,
whereas it was calculated as 0.944 when hepatic steatosis and
pSWE were used together. It has been shown that the diagnostic
accuracy of pSWE significantly increases with the inclusion of
hepatic steatosis (14).

25
Body Mass Index

30 40

Figure 1. (I) ROC curve for significant fibrosis risk calculated from patients’ pPSWE measurements (the cut-off value is marked with red arrow.) (I1)

Correlation graph of BMI and pSWE median values (r=0.673, p<0.01).
ROC: Receiver operating characteristic, pPSWE: Point shear wave elastography

Table 2. Correlation between variables

Grading . . .
Age BMI of liver pSWE median Ishak fibrosis
. values scores

steatosis

Age 1

BMI 0.561" 1

Grading of liver steatosis 0.636"" 0.591" 1

pSWE median values 0.452" 0.673" 0.534™" 1

Ishak fibrosis scores 0.520™ 0.382" 0.392" 0.633™ 1

“p<0.01, "p<0.05 were considered statistically significant. BMI: Body mass index, pSWE: Point shear wave elastography
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In Beland et al. (15), 50 patients who underwent liver biopsy
were evaluated. When the threshold value for pSWE was taken
as 1.89 m/sec in the detection of F2 or higher fibrosis stage in
patients followed up with CHC, the sensitivity and specificity
were found to be 75% and the AUC was found to be 0.85. A 5%
increase in measurements was noted in patients with hepatic
steatosis. However, in the multivariate analysis, they could not
show a significant correlation between the grade of hepatic
steatosis, fibrosis score, and pSWE values (p>0.05) (15). While the
cut-off value of pSWE is defined as 1.35 m/sec for detecting F2
or higher fibrosis in guidelines, the cut-off value was calculated as
1.77 m/sec in our study (AUC: 0.807) (6). Therefore, Spearman’s
correlation test was applied to evaluate the correlation between
the variables. There was a moderately positive and significant
correlation between pSWE median values and age (r=0.452,
p<0.01), BMI (r=0.673 , p<0.01), and grade of hepatic steatosis
(r=0.534 , p<0.01). In our study, it was also shown that there
was an increase in measurements when patients had hepatic
steatosis.

Study Limitations
The limitations of our study are that it was conducted with
some patients and was retrospective.

Conclusion

Because liver biopsy has various limitations, non-invasive
methods are being investigated more recently. In our study,
the diagnostic performance of serological tests and pSWE was
evaluated by referring to liver biopsy in patients followed up with
CHB. Although serological tests did not give statistically significant
results in detecting fibrosis, there was a significant relationship
between the significant fibrosis risk and the pSWE median values.
pPSWE, which can be performed during routine ultrasound imaging
with devices of appropriate technology, is promising; however,
it is thought that the method will develop further with the new
information to be obtained by conducting studies involving more
patients.
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ABSTRACT

Objectives: Access to health services is more difficult for prison
inmates than for the general population. This study aimed to
determine the prevalence of hepatitis B surface antigen (HBsAg),
anti-hepatitis C virus (HCV), and anti-human immunodeficiency
virus (HIV) in prisoners and to determine the rates of risky behavior
in terms of these viral diseases using a questionnaire.

Materials and Methods: Nine hundred ninety-three prisoners
participated in the Risky Behavior Questionnaire. On March 13-14,
2023, HBsAg, anti-HCV, and anti-HIV were studied by rapid tests
in the fingertip blood of 553 volunteer prisoners. Positive samples
were re-examined using ELISA.

Results: Out of 1,490 inmates remaining in prison, 993 voluntarily
participated in the survey study and 553 participated in the blood
control. All participants included in the study were male. The
median age was 36 (17-81). Of the participants, 26 (4.7%) HBsAg
positivity and 7 (1.3%) anti-HCV positivity were detected. Anti-
HCV positivity was found in one (0.2%) of the HBsAg-positive
patients and anti-HIV positivity in the other (0.2%), concurrently.
Anti-HIV positivity was detected in one patient. The risky behavior
guestionnaire determined that 522 (54.8%) of the participants
had tattoos, 511 (53.6%) had a history of surgery, 384 (10.3%)
had unprotected sexual intercourse, 256 (%26,9) had intravenous
substance abuse behavior, and 35 (3.7%) had homosexual
intercourse.

0z

Amag: Cezaevlerinde kalan mahkumlarin saglik hizmetlerine
ulasmalari genel populasyona gore daha zor olmaktadir. Bu
calismada mahkumlar da hepatit B ylzey antijeni (HBsAg), anti-
hepatit C viris (HCV) ve anti-insan bagisiklik yetmezligi virlsl
(HIV) prevalansinin saptanmasi ve anket yoluyla bu viral hastaliklar
acisindan riskli davranis oranlarinin belirlenmesi amaglanmistir.
Gere¢c ve Yontemler: Riskli Davranis Anketi'ne 993 mahkum
katildi. Toplam 553 gonillti mahkumdan 13-14 Mart, 2023 tarihinde
parmak ucu kani alinarak hizli testlerle HBsAg, anti-HCV ve anti-
HIV calisildi. Pozitif cikan dérnekler ELISA yontemi ile tekrar edildi.
Bulgular: Cezaevinde kalan mahkum sayisi 1.490 olup, anket
calismasina 993 mahkum, kan kontrolline ise 553 mahkum gonullt
olarak katilmistir. Calismaya alinan katilimcilarin tamami erkekti.
Ortanca yas 36 (sinirlar: 17-81) idi. Katilimcilardan 26 (%4,7) kiside
HBsAg pozitifligi, 7 (%1,3) kiside anti-HCV pozitifligi saptandi.
HBsAg pozitifligi olanlarin birinde (%0,2) anti-HCV, 1‘inde de
(%0,2) anti-HIV birlikte pozitifligi tespit edildi. Bir kiside ise anti-HIV
pozitifligi saptandi. Riskli davranis anketinde katilimcilarin 522'sinin
(%54,8) dovme yaptirdigi, 511'inin (%53,6) ameliyat gecirdigi,
384'Unin (%10,3) korunmasiz cinsel iliskide bulundugu 256'sinin
(%26,9) damar yoluyla madde kullanicisi oldugu ve 35'inin (%3,7)
escinsel iliskide bulundugu saptandi.

Sonug: Calismamizdan elde edilen bulgular mahkumlarda
glincel hepatit B, hepatit C ve HIV prevalansini gostermektedir.
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Conclusion: The findings of our study show the current
prevalence of hepatitis B, hepatitis C, and HIV in prisoners. It is
important to detect index cases in prisons and to ensure that they
receive treatment, both in the ward and after release, to prevent
the spread of diseases in the community.

Keywords: Prisoner, prison, hepatitis B, hepatitis C, anti-HIV

Introduction

The transmission chains of hepatitis B and hepatitis C are
similar. The combined infection of these patients with human
immunodeficiency virus (HIV) makes the clinic more dramatic as
it triggers the development of cirrhosis and cancer, complicating
the treatment. Besides the similar transmission routes of all three
infections, there is an overlooked transmission route (1-3), which is
defined as being over 40 years old and detained for more than 10
years (4,5).

Although clinicians are relieved by the vaccination program for
hepatitis B and high treatment success for hepatitis C virus (HCV),
measures need to be taken to achieve the goals of reducing HIV
infection and deaths associated with these infections (6). The
World Health Organization (WHO) recommends taking these
precautions because of the mortality-reducing effect and the high
cost-effectiveness of treatment (2,6).

Follow-up of hepatitis C, B, and HIV infections in prisoners is
important because of the high-risk behaviors in the detainees.
85% of these infections detected in prisons were associated with
pre-prison lifetime (7). However, there is a risk of transmission
from infected prisoners to other inmates (4). Studies have reported
that the prevalence of these infections in prisoners is high (8).
Identification and treatment of infected prisoners in a closed
environment are also important to prevent the transmission of
the disease when they are released into the community. Infected
prisoners released back into the community contribute to the
spread of these infections. As can be seen, treating patients in
closed environments will not only help the detainees but also
take a step toward solving an important public health problem by
breaking the chain of transmission (3,9). Obtaining epidemiological
data on prisoners is one of the primary studies to be conducted
in this regard. Prisoners often lack health care before being
imprisoned. Infection management can be initiated by detecting
infected persons in prisons (6,9,10).

This study aimed to determine the seroprevalence of hepatitis
B surface antigen (HBsAg), anti-HCV, and anti-HIV in prisoners and
to determine risky behavior rates in terms of these viral diseases.

Materials and Methods

The study was conducted in Samsun t-type Closed Penitentiary
Institution between 13 and14 March 2023. The study protocol was
approved by the ethics committee of Samsun University Clinical
Research Ethics Committee (approval number: 2023/4/4, date:
01.03.2023). Official permissions were obtained from the decision
of the TR. Ministry of Justice General Directorate of Prisons and
Detention Houses dated: 20.12.2022 and numbered: 790535500-
622.02/E-447/178076, Samsun Chief Public Prosecutor's Office

Cezaevlerinde indeks olgularin tespit edilmesi, ihtiyaci olanlarin
tedaviye ulasmalarini saglamak gerek kogus icinde gerekse serbest
kaldiktan sonra toplumda yayilimi énlemek acisindan énemlidir.

Anahtar Kelimeler: Mahkum, cezaevi, hepatit B, hepatit C,
anti-HIV

Communication Bureau dated 21.12.2022 and numbered
2022/9860, and Samsun Provincial Health Directorate dated
28.12.2022 and numbered E-26521195-604.02.02.

Risky Behavior Questionnaire and Participants

An 8-question survey was distributed to the convicts who
voluntarily participated in the research. The survey included four
information questions, including medical information such as age,
surgery, blood transfusion, family history of hepatitis B, hepatitis C,
and HIV, and four behavioral and attitude questions regarding IV
drug use, tattooing, unprotected sexual activity, and homosexual
intercouse. No other personal information was requested. The
forms filled out anonymously were collected.

Tests

In the second phase of the study, after obtaining signed
informed consent forms from 553 volunteer participants, HBsAg
(Abbott/Abon, China), anti-HCV (Abbott/Abon, China), and anti-
HIV (Abbott/Abon, China) tests were performed in a whole blood
sample taken from the fingertip as a screening test. The tests give
qualitative results using the immunochromatographic method. In
the package inserts, the sensitivity and specificity of the kits are
99.13% and 99.84% for HBsAg, 100% and 100% for anti-HCV,
and 100% and 99.96% for anti-HIV, respectively. The working
procedure was carried out as specified in the kits; 3 hanging drops
of whole blood sample (approximately 75 pLT) taken from the
fingertip were dropped into the sample wells of the test device,
then 1 drop of buffer was added and the results were evaluated by
the microbiologist after 15 min.

Venous blood samples taken from patients with positive
HBsAg, anti-HCV, or anti-HIV tests with rapid tests were re-studied
by the ELISA method on the Abbott 1200 device in the Samsun
Training and Research Hospital Medical Microbiology Laboratory.

Statistical Analysis

The data were analyzed using the SPSS 25.0 software (IBM
SPSS, Chicago, IL, USA). Descriptive data are given as numbers
and percentages.

Results

There were 1,490 detainees and convicts (40 women and the
rest men) in the prison. A total of 553 volunteers, 21 women and
532 men, participated in the fingertip screening. HBsAg positivity
was observed in 26 (4.7%) participants and isolated anti-HCV
positivity in seven (1.3%). Anti-HCV positivity was found in one
(0.2%) of the HBsAg-positive patients and anti-HIV positivity in
the other (0.2%), concurrently. No isolated anti-HIV positivity was
detected. Prisoners with positive rapid screening test results
were called for examination in the infectious diseases and clinical
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microbiology clinic. All positive samples were confirmed to be
positive using the ELISA method.

[t was determined in the hospital information management
system inquiry that three of the patients with anti-HCV positivity
had received previous treatment with a diagnosis of chronic
hepatitis C. Two patients were still receiving entecavir treatment
with a diagnosis of chronic hepatitis B.

The patient with HIV + HBV co-infection was still receiving
antiretroviral therapy. The patient with HBV + HCV co-infection
had previously received pegylated interferon (peg-IFN) and ribavirin
therapy. Currently, the patient is on hepatitis B treatment. In
addition, hepatitis C treatment was started in 1 patient and hepatitis
B in 2 patients. Other cases were considered in the inactive phase
and followed up.

All 993 volunteers who completed the Risky Behavior
Questionnaire were male, with a 66.6% survey participation rate.
The median age was 36 (17-81). 522 (54.8%) of the participants
had tattoos, 511 (63.6%) had a history of surgery, 384 (10.3%)
had unprotected sexual intercourse, 256 (26.9%) had intravenous
substance abuse behavior, and 35 (3.7%) had homosexual
intercourse (Table 1). The rates were calculated for the people who
answered the related questions.

Table 1. Distribution of screening test results for hepatitis
B, C, and HIV infection and questionnaire answers for risk
factors
Number of

n (%) participants
Screening tests
HBsAg 26 (4.3)
Anti-HCV 8(1.3)
Anti-HIV 1(0.2) 553
HBsAg + anti-HIV 1(0.2)
HBsAg + anti-HCV 1(0.2)
Risky behaviors
Tattoo 522 (52.6)
Surgery history 511 (53.6)
Unprotected sex 384 (40.3)
Intravenous substance abuse 256 (26.9) | 993
Blood transfusion 235 (24.7)
Family history 132 (13.9)
Homosexuality 35 (3.7)
Risky behavior percentages were calculated from those who answered
the related survey questions. HIV: Human immunodeficiency virus, HBsAg:
Hepatitis B surface antigen, HCV: Hepatitis C virus

Discussion

In this study, it was observed that the rates of hepatitis B,
hepatitis C, HIV positivity, and some risky behaviors were relatively
higher in prisoners than in the general population.

While the general HBsAg positivity is around 4% in our country,
it has been reported to be in the range of 4-10 in prisoners (11-
13). In a study conducted by Balci et al. (14) in 2008, 2.4% of
633 prisoners were found to be HBsAg positive and 0.5% were

anti-HCV positive. The prevalence of hepatitis B in prisoners was
higher than the general prevalence in the community. This finding
can be attributed to a higher risky behavior history in prisoners
compared with the general population. The rate of HBsAg positivity
in prisoners was reported 10 times higher than that in the general
population in the USA, and 5.6% of the patients were detained
during the incubation period (15). Two of the 26 HBsAg-positive
patients detected in this study were under treatment. One patient
was receiving treatment for HIV and HBV co-infection. Other
patients learned about their positivity for the first time. This finding
may indicate that there are hepatitis B patients who have not yet
been detected in the prisoners, that some of them may be newly
infected, that risky behaviors in prisoners may have increased the
number of new patients, and that the disease continues to spread
in the prison. This also demonstrates the necessity of routine
hepatitis B screening in prisons.

According to the 2013 WHO report, the worldwide prevalence
of HCV has increased to 2.8%. The report states that this rate is
3.6% (3.2-4.1%) in the North Africa/Middle East region, including
Turkey (16). The rate of anti-HCV positivity in the general population
in Turkey varies between 0.1% and 0.9% (11,12). In one study, the
risk of HCV was 1.9 times higher in those with a prison history
than in the normal population (17). HCV positivity in convicts was
reported at 20% (2) in Australian prisons, 22.7% in Spanish prisons
(18), and 22% in Irish prisons (3). Anti-HCV positivity has been
reported as less than 1% in our country and between 0.6% and
3.2% in prisoners (11,12). Balci et al. (14) found anti-HCV positivity
in 0.5% of the prisoners in their study. In our study, isolated anti-
HCV positivity was found in seven (1.3%) prisoners and hepatitis
B and anti-HCV co-positivity in one. This rate is also above the
general population prevalence. This finding may be related to the
higher risky behavior history in prisoners compared with that in the
general population. In the study, it was determined that three of
the patients with anti-HCV positivity received previous treatment
with a diagnosis of chronic hepatitis C. This finding suggests that
the other four patients were previously undetected and/or were
newly infected in prison. This indicates that hepatitis C continues
to spread in prisons and that routine hepatitis C screening is
necessary because of higher risky behaviors in inmates.

Vaux et al. (19) found HIV positivity as high as 59.6% in HCV-
positive male homosexual prisoners. A study conducted in Spain
also found HIV positivity in 40% of HCV-positive prisoners (18).
In another study, the risk of HCV infection was reported to be
increased 32.4 times in HIV-positive patients (17). In our study,
HBsAg and anti-HCV co-positivity was found in a prisoner, and
HBsAg and anti-HIV co-positivity in the other. This finding shows
that individuals infected with one of these blood or sexually
transmitted viral diseases are most likely to have contracted the
second viral infection as a result of continuing their risky behaviors.

In the risky behavior questionnaire, it was determined that a
significant proportion of the participants had a history of surgery
(63.6%), blood transfusions (24.7%), and family history (13.9%).
These risky behaviors are not in the hands of the individual;
however, the high prevalence of these stories among prisoners
indicates that inmates should be screened for hepatitis B, hepatitis
C, and HIV.
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Intravenous drug use has been reported to significantly
increase the risk of HCV (17,20). In a study conducted in Australia,
HCV was found in 19.2% of prisoners using IV drugs, and the
relationship between IV drug use and HCV was shown (21). A
study conducted in Spain determined that 23.2% of prisoners
with HCV are IV drug users and that IV drug use is an independent
risk factor for contracting HCV infection, increasing the risk of
HCV infection by an average of 55 times. The same study also
reported that IV drug use increased the risk of HBV infection by
2.4 times (18). In a study, HCV infection was found in 67% of IV
drug users and HBV infection in 50% (22). Although the rate of IV
substance use in prisoners varies from country to country, it has
been reported as 11% in Canada and 53% in Scotland (23,24). We
determined that 26.9% of the prisoners used IV substances. This
high rate indicates that these prisoners are also at risk of these viral
diseases and should be screened. However, considering that IV
substance use is unlikely to continue in prison, it seems that it may
be sufficient to screen these prisoners at the end of the possible
incubation period at the entrance and after a while.

It has been stated that tattooing in prisoners increases the risk
of HCV infection (25). In our study, we determined that 54.8% of
the prisoners had tattoos. This rate is well above that of the general
population and poses a significant risk of viral diseases. In addition,
considering that tattooing continues to be practiced in unhygienic
conditions in prison despite the restrictions, it can be suggested
that these prisoners should be routinely screened.

[t has been reported that risky sexual behaviors in male
homosexuals increase the risk of hepatitis B, hepatitis C, and
HIV infection (26,27). In a study conducted in France, the rate of
HCV positivity in male homosexual prisoners was reported as
1%, and a relationship was found between homosexuality and
HCV (19). Todd et al. (28) reported that anal intercourse was an
independent risk factor for HBV. Calleja Panero et al. (29) reported
that 21% of people infected with HCV showed risky sexual
behavior. In our study, we found that 10.3% of the prisoners
had unprotected sexual intercourse and 3.7% had homosexual
intercourse. Considering the difference between the rates of
unprotected and homosexual intercourse revealed in the surveys,
it can be thought that a significant part of unprotected intercourse
may be related to pre-conviction and/or spousal visitation. Besides,
it seems impossible to clearly detect this risky behavior in prison
conditions. In the study, 3.7% of the prisoners stated that they
had homosexual intercourse. It can be predicted that this rate
will be below the real figure due to both the social point of view
and the possibility of avoiding expression in prison conditions. It
is also unknown whether the same-sex relationship was just pre-
conviction or is still ongoing. It does not seem possible to detect
the real situation. To prevent the spread of hepatitis B, hepatitis
C, and HIV, it may be beneficial for the prison administration to
determine the appropriate way and method of educating convicts
on these issues.

Study Limitations

There were some limitations in our study. An anonymous
questionnaire was used to obtain the data more accurately;
therefore, it could not be analyzed which risky behavior might be
associated with the viral disease rate because it was not known

which participant the answers belonged to. Moreover, although
names were not given, it can be considered that most of the
rates are below the true rates due to the anxiety that may exist
among the detainees. Nevertheless, the number of participants
was kept high and it was tried to ensure that the rates caused
fewer statistical errors. In addition, the use of tests giving qualitative
results in screening can be considered a limitation of our study.
However, the ELISA method that gives quantitative results requires
a device; that is, it cannot be studied at the bedside. These
screening tests are both easier to apply and more cost-effective.

Conclusion

Our study shows the current prevalence of hepatitis B, hepatitis
C, and HIV in prisoners and the frequency of risky behaviors.
Considering that the risky behavior of the prisoners may continue,
routine screening to prevent viral spread and treatment in positive
cases will be beneficial both for the health of the person and for
preventing transmission.
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ABSTRACT

Objectives: Infection by hepatitis B virus (HBV) among health
care workers (HCWs) and its management are one of the pillars
of viral hepatitis control and prevention strategies. Health-related
behaviors are affected by different aspects of knowledge, attitude,
and practice (KAP) toward HBV. The aim of this study was to
investigate the relationship between KAP among HCWs and HBV
infection at the Benghazi Medical Center.

Materials and Methods: This study used a descriptive case
study with a self-administered questionnaire. The data collected
between August and November 2021 were coded and analyzed
using SPSS software version 23.

Results: The professions correctly answered 67.9% of
knowledge questions, 71.0% of attitude questions, and 87.3%
of practice questions. A One-Way ANOVA between participants
showed significant differences between the profession groups
in terms of knowledge scores [14.8; 95% confidence interval
(Cl): 14.4-15, p=0.001), practice scores (9.2; 95% Cl: 8.9-9.5,
p=0.00), and attitude scores (3.5; 95% Cl: 3.4-3.6, p=0.03). The
correlation coefficients between KAP revealed that the attitude
and knowledge scores showed a moderately positive relationship
that was statistically significant (r=0.403; p=0.001). Among 317
participants, 49% reported they had the vaccine, 33% had not
received the vaccine, and 18% were unsure about their vaccine
status.

0z

Amagc: Saglik calisanlar (SC) arasinda hepatit B virlist (HBV)
enfeksiyonu ve yonetimi, viral hepatit kontrolii ve onleme
stratejisinin temel direklerinden biridir. Saglikla ilgili davranislar,
HBV'ye yonelik bilgi, tutum ve uygulamanin (KAP) farkli yonlerinden
etkilenir. Bu calismanin amaci, Bingazi Tip Merkezi'ndeki SC'ler
arasindaki KAP ile HBV enfeksiyonu arasindaki iliskiyi arastirmakti.
Gerec ve Yontemler: Bu calisma, kendi kendine uygulanan bir
anket iceren tanimlayici bir olgu calismasi kullandi. Agustos ve
Kasim 2021 arasinda toplanan veriler, SPSS yazilimi sdrim 23
kullanilarak kodlandi ve analiz edildi.

Bulgular: Meslekler, bilgi sorularinin %67,9"unu, tutum sorularinin
%71'ini ve alistirma sorularinin %87,3'Unl dogru yanitlad.
Katilimcilar arasinda tek yonlt bir ANOVA, meslek gruplari arasinda
bilgi puanlari [14,8; %95 glven araligi (GA): 14,4-15, p=0,001),
uygulama puanlart (9,2; %95 GA: 8,9-9,5) acisindan anlamli
farkliliklar oldugunu géstermistir, p=0.00) ve tutum puanlar (3,5;
%95 GA: 3,4-3,6, p=0,03). KAP arasindaki korelasyon katsayilari,
tutum puani ile bilgi puaninin istatistiksel olarak anlamli orta
dlzeyde pozitif bir iliski gosterdigini ortaya koydu (r=0,403;
p=0,001). Ug yiiz on yedi katilimcinin %49'u asi oldugunu bildirdi;
%33'U asI olmamistir; ve %18'i asi durumlarindan emin degildi.
Sonug: SC'lerin HBV hakkindaki bilgileri yetersizdir; HBV'nin
onlenmesine yonelik olumlu bir tutuma sahiptirler ve HBV'nin
onlenmesi icin iyi uygulamalara sahiptirler. Arastirmamizdan
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Conclusion: HCWs' knowledge about HBV is inadequate; they
have a positive attitude toward the prevention of HBV and have
good practices for preventing HBV. Findings from our research
emphasized the immediate need to improve HCW training and
enable HCW readiness in HB prevention and management.

Keywords: Health care workers, hepatitis B virus, knowledge,
attitude and practice

Introduction

Healthcare workers (HCWSs) are susceptible to hepatitis B virus
(HBV) infection from infected patients, and HBV-infected HCWs
have the potential to infect patients (1). HCWs constitute one of the
high-risk groups for this infection because of their repeated exposure,
and contact with the body fluids of an infected person is one of the
principal modes of transmission of HBV (2). HBV is highly infectious,
can be transmitted without visible blood, and remains infectious
on environmental surfaces for at least seven days (3). Acute HBV
infection can result in chronic hepatitis, which can cause liver cancer,
cirrhosis, liver failure, and even death. Guidelines for managing
chronic HBV infection in children and adults, including disease
monitoring and antiviral therapy, are available (1). In a study conducted
by Kermode et al. (4) among 2 million HCWs worldwide, there was a
10-fold higher risk of contracting HBV due to occupational exposure.
HCWs in developing countries are at serious risk of infection from
blood-borne pathogens, especially in endemic areas such as Sub-
Saharan Africa (5). The World Health Organization and the Centers for
Disease Control and Prevention (CDC) advise that all HCWs receive
an HBV vaccination before beginning their clinical attachments while
in medical school as part of occupational safety measures (6). The
low level of vaccination and high prevalence of hepatitis B surface
antigen found in various studies may be explained by HCWs' lack of
knowledge about the transmission route of HBV (7). Several African
studies have evaluated the knowledge, attitude, and practice (KAP)
of HCWs toward HBV and their vaccination status, showing that
KAP by HCWs toward HBV infection is generally inadequate in most
developing countries (8). While health-related behaviors are affected
by different aspects of KAR few studies have examined the KAP
level of HCWs toward HBV infection in Libya. A study was carried
out by Elzouki et al. (9) to determine the prevalence of hepatitis B
and hepatitis C among HCWs in five major hospitals in eastern Libya
between July 2008 and June 2009. The samples of 601 HCWs
were tested to analyze how the risk of HBV and HCV infections is
affected by the type of occupation, place of work, working period,
and vaccination status. Overall, 52% of HCWSs reported receiving
full vaccination doses (three doses) against HBV infection. The study
explored that HBV vaccines could be provided to HCWs in Libya
by scaling up the current vaccination program and implementing
the policy of HBV immunization in every healthcare setting as
recommended by the CDC.

Materials and Methods

The study was conducted at the Benghazi Medical Center
(BMC). A descriptive case study with a self-administered
guestionnaire was conducted at BMC from August to November

elde edilen bulgular, SC'lerin egitimini iyilestirmeye ve saglik
calisanlarinin HB 6nleme ve yonetimine hazir olmalarini saglamaya
acil ihtiyac oldugunu vurguladi.

Anahtar Kelimeler: Saglik calisanlari, hepatit B virlisy, bilgi, tutum
ve uygulama

2021. Only the medical and assistant medical staff were included
(1029 medical staff and 940 assistant staff).

The sample size was calculated using Epi Information 7 with
a 5% margin of error, 95% confidence interval, and 80% study
power for the population (1,969). The sample size was 322 (168
medical staff and 154 assistant staff). The questionnaire was
adapted from pretested questionnaires used in previous studies.
This self-administered questionnaire comprised 44 closed-ended
questions divided into four parts. The first part consists of five
questions about demographic characteristics and vaccine state (q1-
gb); the second part consists of twenty-two questions to assess
knowledge regarding HBV infection (g6-g27); the third part consists
of thirteen questions investigating the attitude toward HBV
infection (g28-g40); and the last part consists of four questions
examining the practices of HCWs (g41-g44). A pilot study was
conducted on 15 HCWs in BMC to determine the reliability and
internal consistency of the KAP questionnaire (10).

The study was approved by the Libyan Authority For Scientific
Research (approval number: 2529/22). Permission was obtained
from BMC management. Verbal consent was obtained from
healthcare workers after the purpose of the study was explained.

Statistical Analysis

The data from the completed questionnaires were coded
and analyzed using SPSS version 23. Using a five-point Likert
scale, from strongly agree to strongly disagree. Responses that
included “agree” and “strongly agree” were coded one if they
were the correct answer; otherwise, they were coded 0. Likewise,
responses of “disagree” or “strongly disagree” were coded one
if it was the correct answer and else coded 0. Correct answers
were added to give total KAP scores. A significance test, such as
a One-Way ANOVA, was used to examine the difference in mean
between the professional groups. The significance level was set at
5% (p<0.05). A post-hoc least significant difference (LSD) test was
used to examine the least significant difference among the types
of professions that were compared between them. The reliability
and internal consistency analysis was performed using Cronbach’s
alpha coefficient, and the validation analysis was performed using
the Content Validity Index (11). Pearson’s correlation analysis was
used to find a relationship between KAR

Results

Table 1 shows the respondents’ sociodemographic
characteristics. Of the 322 questionnaires distributed, 317 were
completely filled out and collected, for a response rate of (98.4%).
Table 2 describes the correct responses to the knowledge questions
about the prevention of HBV by HCWs. For the questions “HB can
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Table 1. Sociodemographic characteristics of respondents
(n=317)

Variables Frequency Percentage
Age in years

18-25 8 25
26-33 60 18.9
34-41 101 31.9
42-49 78 24.6
50-57 56 17.7
58-65 14 4.4
Gender

Female 143 45.1
Male 174 54.9
Profession

Medical doctor 65 20.5
Nurse 73 23.0
Pharmacist 74 23.3
Lab scientist/tech 59 18.6
Health attendant 46 14.5
Years of practice

6 months to 10 years 73 23.0
11-20 years 148 46.7
21-30 years 96 30.3
Highest level of education

Up to secondary school 36 11.4
Diploma 100 <Jil5
Degree and higher 181 57.1

be prevented by avoiding food not well cooked”, and “HB can
be prevented by avoiding drinking contaminated water” overall,
correct responses to these questions from all HCWs were
(41.3%) and (48.3%), respectively, which means poor knowledge.
Table 3 provides details of the attitude questions and the positive
responses by profession. For question “Do you avoid patients
diagnosed with HB?" had 53.8% responded by medical doctors,
42.4% by lab technicians, 33.8 by pharmacists, 32.9% by nurses,
and 21.7% by health attendants, which means they had a poor
attitude about this point. Although the HBV vaccine is mandated for
HCWs, 49% reported that they have received the vaccine, 33% not
received and 18% are unsure if they have received the vaccine.

Table 4 provides details of the practice questions and the
percentage of respondents with good practice responses by
profession. In general, most HCWs had good practices for
preventing HBV. Table 5 shows the descriptive statistics for the
total KAP score with the type of profession. The overall mean
knowledge score for all HCWs was 14.8 (95% Cl: 14.4-15.3) which
means poor knowledge, while the overall mean attitude score for
all HCWs was 9.2 (95% CI: 8.9-9.5) which means a good positive
attitude. The overall mean practice score for all HCWs was 3.5
(95% CI: 3.4-3.6) which means good practice.

The result of the P value from a One-Way ANOVA test in terms
of KAP scores is described by a post-hoc (LSD) test in Table 6a-c.

In Table 7, the correlation between knowledge score and
attitude score was moderately positive, with a statistically significant
value of 0.000; this means that as knowledge score rises, so
does attitude score, with moderate correlated power. While the
correlation between knowledge score and practice score was
positive with a statistical significance of 0.000, this means that as

Table 2. Percentage of respondents with correct responses to knowledge questions by profession

The type of profession
Knowledge questions MD, (n=65) N, (n=73) P (n=74) LT, (n=59) | HA, (n=46) | Total, (n=317)

(%) correct (%) correct | (%) correct | (%) correct | (%) correct | (%) correct
HBV is 50 to 100 times more infectious than HIV | 98.5% 80.8% 87.8% 94.9% 78.3% 88.3%
Hepatitis B can cause liver cancer 100.0% 83.6% 90.5% 94.9% 76.1% 89.6%
Hepatitis B can cause liver cirrhosis 95.4% 87.7% 91.9% 94.9% 69.6% 89.0%
Sﬁga&fﬁ dchrir;ECet:ansm'tted through the blood | g4 5o, 68.5% 79.7% 89.8% 73.9% 80.1%
gﬁﬁiﬁ'if d‘::;‘e'(’j?etsra"sm'“ed through sharp | g5 g9, 72.6% 71.6% 88.1% 65.2% 78.5%
:—:]:Z?CtglljsrsBecan be transmitted through sexual 90.8% 60.3% 64.9% 81.4% 54.3% 70.7%
ﬁer;:?ilttir;c;rii:;;riienr can infect PAHICIE . 73.8% 49.3% 52.7% 61.0% 60.9% 59.0%
I;Iiiztlllt;s B is among the leading causes of death 84.6% 71.2% 58.1% 74.6% 63.0% 70.3%
"I;:]c:f:ctdigies of HB vaccines are required for full 83.1% 67.1% 55.4% 69.5% 60.9% 67.2%
\I;l:fce;::tsiancan be effectively prevented through 83.1% 68.5% 52.7% 66.1% 58.7% 65.9%
gfafsg :: dpt:fgsgted by proper iSRS 90.8% 67.1% 50.0% 69.5% 54.3% 66.6%
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Table 2 Contunied

gfnc:enr:e prevented by avoiding multiple sexual 87.7% 76.7% 54.1% 74.6% 52.2% 69.7%
an‘t’:;::z;";':tgtred through drEEUE 93.8% 65.8% 74.3% 79.7% 69.6% 76.7%
HB i h hak huggi

o i‘r’;;‘clt’: dtf:rssr::ted by handshake or hugging | o; oo, 66.2% 67.6% 62.7% 43.5% 65.6%
HB can be transmitted by faeco-orally 76.9% 32.9% 60.8% 66.1% 39.1% 55.5%
There is no vaccine available for HB infection 73.8% 45.2% 74.3% 72.9% 52.2% 64.0%
A vaccine for HB is available but is not effective 80.0% 39.7% 63.5% 62.7% 37.0% 57.4%
?Oan:;ﬁ‘Zt‘;':“’s:tt:f by avoiding drinking 70.8% 31.5% 54.1% 44.1% 39.1% 48.3%
?foizz be preventad by avoidingiEaaiEE NG 5o/ 24.7% 47.3% 32.2% 41.3% 41.3%
S:S)a::z'fn?e‘;'t:zi;’f” cause both acute and 87.7% 60.3% 59.5% 67.8% 56.5% 66.6%
Hepatitis B virus that affects the liver 80.0% 52.1% 58.1% 44.1% 50.0% 57.4%
I:fgﬁ‘ ;Ssa“ interval between doses of HB 87.7% 61.6% 58.1% 55.9% 67.4% 65.9%
Average percentage correct across all questions | 85.1% 60.6% 64.9% 70.3% 57.4% 67.9%
MD: Medical doctor, N: Nurse, P: Pharmacist, LT: Lab technicians, HA: Health attendant, HBV: Hepatitis B virus, HIV: Human immunodeficiency virus, HB: Hepatitis B

Table 3. Percentage of respondents with correct responses to attitude questions by profession
The type of profession
Attitude questions MD, (n=65) | N, (n=73) P (n=74) | LT, (n=59) HA, (n=46) | Total,
(%) +ve (%) +ve (%) +ve (%) +ve (%) +ve (n=317) (%)
attitude attitude attitude attitude attitude +ve attitude
Do you feel at risk by virtue of your work? 87.7% 72.6% 66.2% 71.2% 65.2% 72.9%
!Z)o yo_u feel that you need to be protected from HB 95.4% 74.0% 78.4% 78.0% 67.4% 79.2%
infection?
Do you know your HB status? 95.4% 67.1% 87.8% 84.7% 67.4% 81.1%
Do ypu consider it necessary to receive the HB 96.9% 69.9% 85.1% 74.6% 65.2% 79.29%
vaccine?
Will you vaccinate your children against HB? 95.4% 79.5% 78.4% 78.0% 80.4% 82.3%
Will you recommend the HB vaccine to other health 87.7% 86.3% 78.4% 74.6% 67.4% 79.8%
HCWs?
Is it important to get the HB vaccine? 98.5% 72.6% 70.3% 81.4% 69.6% 78.5%
Have you completed the HB vaccination schedule? 95.4% 64.4% 68.9% 76.3% 63.0% 73.8%
Does your lifestyle put you at a risk of HB infection? 80.0% 67.1% 63.5% 71.2% 60.9% 68.8%
Is the HB vaccine safe? 83.1% 58.9% 59.5% 67.8% 63.0% 66.2%
Do you takepost exposure prophylactic for HB? 72.3% 49.3% 51.4% 55.9% 60.9% 57.4%
Do you avoid patients diagnosed with HB? 53.8% 32.9% 33.8% 42.4% 21.7% 37.5%
Three doses of vaccine have you received? 76.9% 57.5% 68.9% 59.3% 65.2% 65.6%
Average percentage correct across all attitude 86.0% 63.5% 68.5% 70.4% 62.9% 71.0%
questions
MD: Medical doctor, N: Nurse, P: Pharmacist, LT: Lab technicians, HA: Health attendants, HCW: Health care workers, HB: Hepatitis B

knowledge score increases, practice score increases with weakly
correlated power. Moreover, the correlation between attitude score
and practice score showed a weak positive relationship with a
statistical significance of 0.000, which means that when attitude
score increases, practice score also increases, with a weakly
correlated power.

Discussion

Our study showed a gap in knowledge about HB infection
among HCWs; the overall knowledge of HCWs about HB infection
was 67.9%. Another study in Khartoum (12) showed that doctors
have the highest KAR which is very close to our study and lower
than the 76.9% reported in Nigeria (10). However, the answers to
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Table 4. Percentage of respondents with correct responses to practice questions by profession

The type of profession

Practice questions MD, (n=65) | N, (n=73) P (n=74) LT, (n=59) | HA, (n=46) | Total, (n=317)
(%) good (%) good (%) good (%) good | (%) good | (%) good
practice practice practice practice practice practice

Do you wear gloves when performing procedures? 92.3% 78.1% 82.4% 81.4% 82.6% 83.3%

Do you wear glasses when performing procedures? | 93.8% 79.5% 91.9% 81.4% 82.6% 86.1%

Do y(_)u wear a facemask when in direct contact with 96.9% 84.9% 90.5% 86.4% 87.0% 89.3%

a patient?

Do you dispose of sharps properly after the 95.4% 84.9% 90.5% 91.5% 91.3% 90.5%

procedure?

Average percentage correct across all practice 94.6% 81.9% 88.8% 85.2% 85.9% 87.3%

questions

MD: Medical doctor, N: Nurse, P: Pharmacist, LS: Lab technicians, HA: Health attendant

Table 5. Descriptive statistics for knowledge, attitude, and
practice (total scores) and professions
95% ClI
N Mean | Lower | Upper |Min. |Max. |p
bound | bound
Total knowledge score
Medie CENEEN 178 (193 (11 |22
doctor
Nurse 7/ 8158 12.3 14.4 22
Pharmacist |74 14.3 13.4 15.1 22
0.001
Lab SO 145 (165 |5 |22
technicians
Heall ACHEBIEN 114 (139 |5 |22
attendant
Total 317 |14.8 |14.4 15.3 5 22
Total attitude score
Medie COEON 107 (116 |4 |13
doctor
Nurse 7/ 8.5 8.1 8.9 1 1JE
Pharmacist |74 8.9 8.4 9.4 5 13
0.001
Lab SO 86 (96 |5 |13
technicians
Health
attoric 46 8.2 7.6 8.7 5 13
Total 3178952 8.9 9.5 1 13
Total practice score
Medigs RS (39 (0 |4
doctor
Nurse 7/ 3.2 3.1 3.5
Pharmacist |74 815 3.4 3N/
0.03
Lab SO 2T 37 (o0 |4
technicians
Health
attendii 46 3.3 881 3.7 0 4
Total 3178’5 3.4 3.6 0 4
Cl: Confidence interval, Min.: Minimum, Max.: Maximum

Table 6a. Results of the post hoc LSD test for total knowledge
score between the types of profession
:)I:ofession (J) profession p

Nurse 0.001 | Significant differences
Medical Pharmacist 0.001 | Significant differences
doctor Lab technicians | 0.001 | Significant differences

Health attendant | 0.001 | Significant differences

Medical doctor | 0.001 | Significant differences

Pharmacist 0.037 | Significant differences
Nurse Lab technicians | 0.001 | Significant differences

Health attendant | 0.558 ZIi;ersg:lcﬂec;ant

Medical doctor | 0.001 | Significant differences

Nurse 0.037 | Significant differences
Phar Lab technicians | 0.056 zli?f::g::g;am

Health attendant | 0.016 | Significant differences

Medical doctor | 0.001 | Significant differences
Lab Nurse 0.001 | Significant differences
o™ pharmacist | 0.0se | o sionificant

Health attendant | 0.001 | Significant differences

Medical doctor | 0.001 | Significant differences
Health Nurse 0.558 yi?fz:g::;f:sant
attendant

Pharmacist 0.016 | Significant differences

Lab technicians | 0.001 | Significant differences
LSD: Least significant difference

some questions revealed a lack of knowledge, such as the fact
that 44.5% of participants were unaware that HBV could not be
transmitted feco-orally and 23.3% did not know that the virus is
not transmitted through drinking contaminated water. In addition,
51.7% were unaware that the virus could not be prevented by
avoiding drinking contaminated water, and 58.7% wrongly thought
that HBV could be prevented by avoiding food that is not well
cooked, which is less than the 63.2% reported by another study in
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Table 6b. Results of the post hoc LSD test for the total attitude Table 6¢. Results of the post hoc LSD test for the total practice
score between types of professions score by profession
] . )] .
profession (J) profession P profession (J) profession p
Nurse Dlop1 | SonifEs Nurse D001 | SONUEERE
differences differences
Pharmacist 0.001 S.lgnlflcant Pharmacist 0.138 N.o significels
Medical differences Medical differences
doctor ignifi doctor ianifi
Lab technicians 0.001 S.lgnlflcant Lab technicians 0.022 Sllgnlflcant
differences differences
Health attendant | 0.001 S.lgmﬂcant Health attendant 0.047 S.|gn|f|cant
differences differences
. Significant . Significant
Medical doctor 0.001 . Medical doctor 0.001 .
differences differences
Pharmacist 0.236 | \o significant Pharmacist 0.063 | o significant
differences differences
Nurse No sianifi Nurse No stanifi
Lab technicians 0.067 _o significant Lab technicians 0.406 .O significant
differences differences
Health attendant | 0.350 N_o significant Health attendant 0.349 N.o significant
differences differences
Medical doctor 0.001 Sllgnlflcant Medical doctor 0.138 N.o significayy
differences differences
NS 0.236 N.o significant Nural 0.063 N.o significant
differences differences
Pharmacist No Sl Pharmacist Nosidi
Lab technicians 0.472 .0 signiicey Lab technicians 0.355 .o signiticeyy
differences differences
Health attendant | 0.046 S.lgnlflcant Health attendant 0.486 N.o significely
differences differences
. Significant . Significant
Medical doctor 0.001 . Medical doctor 0.022 .
differences differences
Nurse 0.067 N_o significant Nurse 0.406 N.o significant
Lab differences Lab differences
technicians ignifi technicians ignifi
Pharmacist 0.472 | No significant Pharmacist 0.355 | o significant
differences differences
Health attendant | 0.012 S_lgnlflcant Health attendant 0.876 N.o significant
differences differences
RERRIBtor | 0.001 | Significant UEEES, | 0.047 | Significant
differences differences
Nus 0.350 Nlo significant Nurdh 0.349 N.o significant
Health differences Health differences
attendant ignifi attendant ignifi
Pharmacist 0.048 Sllgnlflcant Pharmacist 0.486 N.o significelg
differences differences
Lab technicians 0.012 S.lgnlflcant Lab technicians 0.876 N.o significeus
differences differences
LSD: Least significant difference LSD: Least significant difference

Nigeria (10). On the other hand, 70.3% of the percentage is large
compared to that reported by Samuel et al. (13), who showed
that only 14.2% and 9.3% incorrectly identified the feco-oral
route and drinking contaminated water as means of transmitting
the virus, while 6.2% and 3.1% incorrectly thought that HBV
can be prevented by avoiding contaminated water and food that
is not well cooked. In our study, 80% of participants said that
HBV can cause liver cancer and cirrhosis, which was inconsistent
with other studies in Kabul, Afghanistan (8), where 88.24% of
participants said it can. This study found that 73.8% of participants

completed the HB vaccination schedule, which was lower than the
100% completion rate reported by Kumah et al. (14). Knowledge
regarding preventive measures plays a role in the control of HBV.
Overall, these results suggest that more knowledge is necessary
when providing health education to HCWSs, which is typically the
first step toward risk reduction and an improvement in the quality
of life. In our study, 33.8% of respondents were unsure about
the safety of the HBV vaccine, which is lower than the study in
Northern Vietnam (15), but higher than the 92.1% reported in Saudi
Arabia for HBV vaccine safety. 27.1% of participants did not know
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Table 7. Correlation coefficients between knowledge attitude
and practice (n=317)
Total Total Total
knowledge | attitude | practice
score score score
Total Pealen 1 0.403° | 0.236"
knowledge correlation i )
score P - 0.001 0.001
Total Pearson 0.403" 1 0.241"
attitude correlation ’ ’
score p 0.001 - 0.001
Total Peie’ 0.236" 0.241° N
practice correlation
score P 0.001 0.001 -
“Correlation is significant at the 0.01 level (2-tailed)

the risk of contracting HBV by virtue of their work, unlike studies
done in Saudi Arabia. 20.2% and 20.8% of respondents felt they
did not need to be protected from hepatitis B infection (12). These
HCWs were less likely to take HB infection control and prevention
measures seriously because they thought they were not at risk of
HB infection. 18.9% of participants were unaware of their HBV
status, 20.8% had received the hepatitis vaccine, and 73.80% of
HCWs were vaccinated, compared with 50.4% of respondents
who did not know their HB status (14). Regarding practice toward
HB preventive measures, 16.7% of respondents did not wear
gloves when conducting procedures; this percentage was less
than that in a study conducted in Kabul (62.55%) (8). Another
study conducted in Sudan reported a much higher percentage of
92.8% (14). In our study, 90.5% of respondents said they properly
disposed of sharps after use. However, overall correct responses
to practice from all HCWs were 87.3% “good practice”, may be
due to the data collected during the coronavirus disease-2019
(COVID-19) period, where HCWs underwent extensive infection
control training. Regarding HBV vaccine status among HCWs, this
study found that 49% of respondents among 317 participants had
received an HBV vaccine, which is very similar to Japan's rate of
48.20% (16). 18% of respondents are unsure if they have received
the HBV vaccine, and 33% report that they have not received it.
A study by Daw et al. (17) aimed to determine the prevalence of
HBV markers among HCWs, investigate some risk factors for such
prevalence, and outline specific policies to address these issues
among HCWs. The study concludes that HBV vaccine, education,
clinical advice, and health insurance should be available for HCWs
who are at a higher risk of HBV infection (17).

Study Limitations

To prevent respondents from discussing their answers with
others, the questionnaires were completed in the presence of the
researcher. Only medical staff and medical assistant staff were
involved in the study; other BMC staff such as security staff and
administrative office staff were not involved.

Conclusion

This study found that the knowledge of HCWs at BMC about
HBV is inadequate. The majority of the staff had poor knowledge

responses, a positive attitude, and good practices for preventing
HBV. The rate of vaccination indicates the risk, and the main
reasons that led to its occurrence were that HCWs were not
vaccinated because of a lack of knowledge about vaccination.
HCWSs who were not vaccinated needed to implement an HBV
vaccination program.
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