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Viral Hepatitis in Hemodialysis: An update
*N Mahmood!, MMR Siddiqui?, RS Giasuddin®.

ABSTRACT

Hepatitis outbreaks in hemodialysis (HD) patients and staff were reported in the late 1960s, and a number of
hepatotropic viruses transmitted by blood and other body fluids have been identified. Hepatitis B virus (HBV)
was the first significant hepatotropic virus to be identified in HD centers. HBV infection has been effectively
controlled by active vaccination, screening of blood donors, the use of erythropoietin and segregation of HBV
carriers. Hepatitis delta virus is a defective virus that can only infect HBV-positive individuals. Hepatitis C virus
(HCV) is the most significant cause of non-A, non-B hepatitis and is mainly transmitted by blood transfusion.
The introduction in 1990 of routine screening of blood donors for HCV contributed significantly to the control
of HCV transmission. An effective HCV vaccine remains an unsolved challenge; however, pegylation of
interferon-alfa has made it possible to treat HCV-positive dialysis patients. Unexplained sporadic outbreaks of
hepatitis by the mid-1990s prompted the discovery of hepatitis G virus, hepatitis GB virus C and the TT virus.
The vigilant observation of guidelines on universal precaution and regular virologic testing are the cornerstones
of the effective control of chronic hepatitis in the setting of HD. Major recent advances in the viral diagnosis
technology and the development of new oral, direct acting antiviral agents (DAAs) allow early diagnosis and
better therapeutic response. The current update will review the recent developments, controversies and new
treatment of viral hepatitis in HD patients.

Key Words: DAAs (Direct acting antiviral agents), Hemodialysis, Hepatitis B, Hepatitis C, Occult HBV, Viral
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Introduction

It is well known that patients undergoing dialysis
treatment, and in particular hemodialysis (HD), are at
increased risk for contracting viral infections. This is
due to their underlying impaired cellular immunity,
which increases their susceptibility to infection. In
addition, the process of HD requires blood exposure
to infectious materials through the extracorporeal
circulation for a prolonged period. Moreover, HD
patients may require blood transfusion, frequent
hospitalizations and surgery, which increase
opportunities for nosocomial infection exposure.' The
most frequent viral infections encountered in HD
units are hepatitis B (HBV), hepatitis C (HCV) and, to

a lesser extent, human immunodeficiency virus
infection (HIV).

After the identification of HCV in 1989 and HEV in
1990, there were still unexplained cases of
posttransfusion and “community-acquired” hepatitis,
implying that cryptogenic hepatitis and cirrhosis may
be related to viruses other than hepatitis A, B, C, D or
E. By the mid-1990s, between 3% and 4% of
anti-HCV-negative patients on chronic HD had
elevated serum aminotransferase levels with no
apparent etiology.>* In 1995-1996, Simons et al.* and
Linnen et al’ both from the United States,
independently reported a group of putative agents that
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accounted for the unexplained non-A to non-E hepatitis.
These viruses were named GB virus C (GBV-C) and
hepatitis G virus (HGV). HGV was identified by
molecular cloning with plasma from a patient originally
identified by the CDC as having NANBH.?

In the current review, we will restrict our update to
HBYV and HCV only, and will discuss the most recent
data of these viruses in HD.

HEPATITIS B VIRUS (HBV)

HBYV infection is a substantial global health problem.
It is estimated that more than two billion people
worldwide have serological evidence of current or
historical infection.®

Epidemiology of HBV

Hepeatitis B is a blood-borne virus. Modes of infection
include perinatal and through percutaneous or
mucosal exposure to infected blood or body
fluids.”There are considered to be more than 350
million people worldwide with chronic hepatitis B
(CHB) infection.In dialysis units, both patient-to-patient
and patient-to staff transmission of the virus have been
recognized since the 1960s. In 1977, guidelines were
published in the USA to reduce HBV infection in
dialysis units.” The incidence of new hepatitis B
infections in US dialysis patients subsequently fell from
6.2% in 1974 to 1% by 1980.!° Testing of a vaccine
began in the 1970s, and this came into widespread
clinical use from the early 1980s.''? This further
reduced the risk of HBV infection in the dialysis
setting. In addition to being at increased risk of
infection, it has been demonstrated that HD patients
are more likely to become chronic carriers of HBV
than members of the general population.'?

Occult Hepatitis B virus Infection (OBI)

Recently, with advanced HBV diagnostic tools, emerged
the problem of occult HBV infection (OBI). OBI is
defined as the presence of HBV-DNA without detectable
HBsAg with or without hepatitis B core antibody
(anti-HBc) or hepatitis B surface antibody (anti-HBs).
Sensitivity and specificity improvement of polymerase
chain reaction (PCR) methods with a detection limit
of<10 IU/mL for HBV-DNA led to the identification of
an increasing number of individuals carrying HBV-DNA
as the only marker of infection. 415

The clinical implications of occult HBV infection
involve different clinical aspects. OBI harbors the
potential risk of HBV transmission through HD,
blood transfusion and organ transplantation. It can
cause cryptogenic liver disease, acute exacerbation of
CHB or even fulminant hepatitis, poor response to
antiviral treatment and development of hepatocellular
carcinoma(HCC). '¢

Occult HBYV infection in HD patients

HD patients are at a high risk of acquiring parenterally
transmitted infections, not only because of the large
number of received blood transfusions, the invasive
procedures that they undergo, low response to HBV
vaccination and duration on dialysis but also because
of their immunosuppressed state. 2° The prevalence of
OBI in renal dialysis patients ranges between 0% and
58% in published reports. 7131

In an investigation on the prevalence of OBI in
continuous ambulatory peritoneal dialysis (CAPD)
and HD patients, 16.9% of HD patients and 9.8% of
CAPD patients were HBV-DNA positive. Anti-HCV
was negative and AST and ALT levels were normal in
all of the HBV-DNA positive patients. They
concluded that the prevalence of the occult HBV may
be common in CAPD patients as in HD patients, and
HCYV positivity is not a contributing factor to occult
HBYV infection in dialysis patients.?!

OBI and HCYV infection

HCYV infection suppresses the replication of HBV and
also the expression of HBV surface protein in vitro
and in vivo. ?>% Therefore, HBsAg synthesis may be
down-regulated by co-infection with HCV.2>?* The
presence of OBI in patients with chronic hepatitis C
infection was frequently reported, * and suggested a
co-incidence for HBV and HCV infection and
mentioned a possible role for OBI in the chronic
HCV-related liver disease.”

Prevention of HBV infection

Despite stringent measures, failures of infection
control mechanism leading to isolated outbreaks of
HBYV infection in HD centers were still reported in
the 1980s and 1990s.% Further preventive strategies
that have been developed over the past 25 years
include the increased availability of disposable
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dialyzers, sophisticated machines and electronic
fail-safe systems, the replacement of arterio-venous
shunts with fistulae, durable synthetic grafts and
cuffed indwelling venous catheters, the routine viral
screening of blood donors and the launching of
recombinant human erythropoietin in 1989 to
substitute for or reduce the need for blood
transfusion.”” Hand washing after touching blood or
body fluid and the use of gowns and face shields when
exposure is anticipated. Furthermore, two additional
strategies represent important milestones in the
prevention of HBV infection in the dialysis setting:
Active vaccination and segregation of HBV carrier.

Hepatitis B vaccination

Hepatitis B vaccine: In the 1970s, Krugman observed
that HBsAg was immunogenic and that anti-HBs
antibodies were protective against Hepatitis
B.2Current recommendations state that dialysis
patients should receive higher vaccine doses than
individuals with normal renal function. As such, 40mg
of Recombivax HB at 0,1 and 6 months or 40mg of
Engerix B at 0,1,2 and 6 months should be
administered. The best reported response rates to these
schedules are <85% achieving seroprotection®

Management of chronic HBV infection

The primary goal of treatment should be complete
eradication of the virus. Studies have showed that
satisfactory responses to current anti-viral therapies
were observed only in patients with certain
well-defined clinical characteristics; the decision to
start is, therefore, relying on the demonstration of
active viral replication ( HBeAg and/or serum HBV
DNA detected by branched DNA or hybrid capture
assays) and active liver disease ( elevated serum ALT
concentrations >1.5 times ULN and/or evidence of
moderate/severe chronic hepatitis on liver biopsy).*
Dialysis patients are used to having depressed
baseline serum ALT levels, and their serum ALT
levels could remain normal despite the presence of
significant liver disease. The conventional cut-off
value with serum ALT level >1.5 times ULN
therefore might prove too high and not sensitive
enough for the identification of HBV-infected dialysis
patients with significant hepatic inflammation who
otherwise warrant anti-viral treatment.

Current treatment options for patients with CHB are
interferons or antiviral therapy with nucleos(t)ide
analogs (NAs) that target the viral polymerase.’! The
treatment of CHB in patients with CKD is based on
nucleoside (lamivudine, telbivudine, entecavir) or
nucleotide (adefovir, tenofovir) analogues (NAs).
Entecavir and tenofovir represent the currently
recommended first-line NAs for NA-naive CHB
patients, while tenofovir is the NA of choice for CHB
patients with resistance to nucleosides.®

HEPATITIS C VIRUS(HCYV)

HCYV Epidemiology

Hepeatitis C is a liver disease caused by the HCV, the
virus that can cause both acute and chronic hepatitis
infection ranging in severity from a mild illness
lasting a few weeks to a serious, lifelong illness. The
HCV is a blood-borne virus and the most common
modes of infection are through unsafe injection
practices; inadequate  sterilization of medical
equipment in some health-care settings; and
unscreened blood and blood products. One hundred
and thirty to 150 million people globally have chronic
hepatitis C infection.**There is currently no vaccine for
hepatitis C; however, research in this area is ongoing.*

HCYV infection in HD

Global magnitude of the problem The prevalence of
HCYV infection varies greatly among patients on HD
from different geographic regions.** Wreghitt®
described a range from 4% in the UK to 71% in
Kuwait for HCV prevalence among a HD population.

Risk factors of HCV infection in CKD patients

Several factors are known to be associated with
increased risk of HCV infection. A relatively large
study in Brazil demonstrated that patients on HD for
more than 3 years had a 13.6 fold greater risk of HCV
positivity compared with subjects with less than 1
year of HD treatment.’” Historically the number of
blood transfusion received was consistently reported
in the literature to be associated with an increased
prevalence of HCV-positive dialysis patients. *® Other
risk factors include older age, 3* dialysis in multiple
centers, *’%4! a history of organ transplantation, ***
hepatitis B infection,** HIV infection***® and
diabetes mellitus.*’®
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HCYV Diagnosis in HD Population

Routine serological testing for HCV infection among
HD patients is currently recommended. **>° The
rational is based on the following evidence:

a. HCV infection has a silent and subclinical
course;

b. Liver biochemical tests are poor indicators of
HCYV infection among HD patients;

c. HCYV infection is more prevalent among HD
patients than in the general population;

d. Nosocomial transmission of HCV is a major
problem in HD units and

e. Early identification of HCV-infected patients
is essential.®

The current CDC recommendations for HCV
screening in HD patients include testing for anti-HCV
and serum ALT on admission, ALT every month and
anti-HCV semiannualy. 4+

HCYV Core Antigen

Recent advance in diagnosing early HCV infection is
made by detecting the HCV core antigen (HCVcAg)
that is present during the early stage of infection when
anti-HCV  seroconversion has not yet been
established. HCVcAg testing permits the detection of
an HCV infection about 1.5 months earlier than the
HCYV antibody screening tests and an average of only
2 days later than quantitative HCV RNA detection in
individual specimens.’! The efficacy of HCVcAg
ELISA ranged from 81.9% to 95.9%. > The
concentrations of HCVcAg and HCV RNA levels are
significantly correlated. 3

HCYV prevention in HD

Nosocomial transmission of HCV in HD units is well
established. ##*-%Lack of strict adherence to
universal precautions by staff and sharing of articles
such as multidose drugs might be the main mode of
nosocomial HCV spread among HD patients. 37!

The CDC recommends that special precautions
should be observed in dialysis units, including
wearing and changing of gloves and water-proof
gowns between patients, systemic decontamination of
the equipment circuit and surfaces after each patient’s

treatment and no sharing of instruments (e.g.,
tourniquets, stethoscope, blood pressure cuff) or
medications (e.g., multi-use vials of heparin) among
patients.*> The guidelines of the “Kidney Disease:
Improving Global Outcome”(KDIGO) in 2008
recommend, as well, the adherence to the universal
measures to prevent the HCV transmission in HD units®

Studies supporting isolation

In our personal experience in Medinah, Saudi Arabia,
because of the high prevalence of HCV infection
reaching 80% of our HD patients, we decided in 1996
to apply a complete isolation policy (separated rooms,
machines and staff) of HCV-negative patients from
HCYV positive in addition to adherence to the universal
precautions; in 2000, the prevalence of HCV-positive
patients dropped to 40% and in 2006 this prevalence
was 25%.%¢ In our current experience in the UAE, the
HCYV isolation policy was applied in 1993, where the
prevalence of HCV positivity was 40%, decreasing to
18.3% in 2002 and to 9.6% in 2014; we did not have
any case of seroconversion during these 21 years
(unpublished data).

Karkar et al. have reported a significant drop in the
prevalence of HCV-positive patients from 57% to
29% after applying an isolation policy.' Mohamed et
al. have reported similar results in decreasing the
HCV-positive prevalence from 50% to 23% by the
application of full isolation policy over a 5-year
period from 2003 to 2008.%

Management of HCV infection

Treatment overview

Cumulative studies in the past two decades have
shown that different genotypes respond differently to
interferon (IFN)-based therapy, with genotypes 2 and
3 being the most easily cured and genotype 1 having
the lowest cure rates with IFN-based regimens. With
the approval of NS3/4 protease inhibitors (Pls) used
in combination with pegylated IFN-alfa (PEG) and
ribavirin (RBV; PEG+RBV), genotype 1b was found
to have a higher barrier to resistance and thus was
easier to cure than genotype 1a.% The genotypes have
not been shown to differ in their progression to
cirrhosis or in the development of liver cancer.%
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Until 2011, the standard of care for the treatment of
chronic HCV was PEG + RBV for 24-48 weeks,
depending on HCV genotype. PEG and RBV
represent nonspecific antivirals, of which the
mechanisms of action in treating HCV were poorly
understood. Response to therapy is gauged by rapid
virologic response (RVR), which is defined as an
undetectable serum HCV RNA 4 weeks into
treatment. When the HCV RNA remains undetectable
from 4 weeks to 12 weeks of therapy, it is called an
extended RVR (eRVR). Cure is defined by sustained
virologic response (SVR), a persistently negative
HCV RNA 12 (SVR12) or 24 weeks (SVR24) after
the completion of therapy. Virologic relapse is the
recurrence of quantifiable levels of HCV RNA after
the completion of treatment.*’

Treatment of HCV in HD patients

At present, therapy for hepatitis C in patients with
endstage renal disease is controversial and should be
considered only in patients waiting for renal
transplantation, those with significant liver disease
and minimal comorbid conditions that may affect
survival and in patients with acute hepatitis C. The
therapeutic regimen varies with the severity of the
kidney disease. Persons with creatinine clearance of
more than 60 mL/min can be treated like those
patients without kidney disease. Ribavirin (RBV) is
cleared by the kidneys; therefore, HD patients have
been treated with peg-IFN-a mono-therapy.® Because
peg-IFN-o 2a is cleared through the liver and
peg-IFN-02b primarily through the kidneys, ® there
could be a theoretical accumulation of peglFN-a 2b
when used in HD, although HD does not appear to
affect clearance.”"!

Although the current practice is to administer the full
dose of peg-IFN-a, the recommended starting doses
for this group are peg-IFN-a 2b at 1 pg /kg
subcutaneously once weekly or peg-IFN-o 2a 135 ug
subcutaneously once weekly. In the absence of RBV,
SVR rates are substantially lower and careful patient
selection and side effect management are important.
Most studies used a 6-month post therapy SVR as the
end point for successful therapy. Overall, 40% of HCV-
treated patients had an SVR, including 31% for
genotype 1, a rate greater than that reported for IFN
monotherapy.”

The use of new Direct Acting Antivirals(DAAS),
telaprevir and boceprevir, which are HCV protease
inhibitors (PIs), showed no significant impact of renal
dysfunction when these medications were used in
patients with end-stage renal disease,” suggesting that
both drugs might be used to treat HCV infection in
this setting.”® A recent study that included 36
treatment naive HCV genotype 1 HD patients showed
that telaprevir containing triple therapy had superior
efficacy than PEG-IFNo/RBV dual therapy, but was
accompanied with more frequent and severe anemia.”

Conclusion:

Viral hepatitis continues to be a significant health
problem in HD patients, in particular in the developing
countries with limited resources. New diagnostic tools
allow early diagnosis and better control of hepatitis in
the dialysis units. Optimizing the HBV vaccination in
predialysis care, the strict adherence to the universal
precaution measures, segregation of HBV-positive
patients in an isolated area and use of the modern
therapies are the mainstay in controlling HBV
infection in HD units. The issue is more complicated
for HCV in the absence of specific vaccine, the
nosocomial transmission of the virus, the controversy
of isolation and the bad tolerance for the current
available treatment. However, the recent development
of DAA medications for HCV, the hard work to
produce an anti-HCV vaccine and the strong emphasis
on the adherence to the universal infection control
precautions will give the hope for the cure and the
control of HCV infection in this population of patients.

Conflicts of Interest: We have no conflict of interest.

References

1. Karkar A, Abdelrahman M, Ghacha R, Malik TQ.
Prevention of Viral Transmission in HD Units:
The value of isolation. Saudi J Kidney Dis
Transpl 2006;17:183-8.

2. Fabrizi F, Marcelli D, Bacchini G, Guarnori I, Erba
G, Locatelli F. Antibodies to hepatitis C virus
(HCV) in chronic renal failure (CRF) patients on
conservative therapy: Prevalence, risk factors and
relationship to liver disease. Nephrol Dial
Transplant 1994;9:780-4.



133 JAKMMC J 2020 : 11(2)

N Mahmood, MMR Siddiqui, RS Giasuddin e/ al.

3.

Fabrizi F, Raffaele L, Bacchini G, Guarnori I,
Pontoriero G, ErbaG,et al. Antibodies to hepatitis
C virus (HCV) and transaminase concentration in
chronic haemodialysis patients: A study with
second-generation  assays.  Nephrol  Dial
Transplant 1993;8:744-7.

4. Simons JN, Pilot-Matias TJ, Leary TP, Dawson GJ,

10.

11.

12.

Desai SM, Schlauder GG, et al. Identification of
two flavivirus-like genomes in the GB hepatitis
agent. ProcNatlAcadSci USA 1995;92:3401-5

Linnen J, Wages JJ, Zhang-Keck ZY, Fry KE,
Krawczynski KZ, Alter H, et al. Molecular
cloning and disease association of hepatitis G
virus: A transfusion-transmissible agent. Science
1996;271:505-8.

Proceedings of the European Association for the
Study of the Liver (EASL) International
Consensus Conference on Hepatitis B. September
14-16, 2002. Geneva, Switzerland. J Hepatol
2003;39Suppl 1:S1-235.

Dienstag JL. Hepatitis B virus infection. N Engl J
Med 2008;359:1486-500.

Lavanchy D. Hepatitis B virus epidemiology,
disease burden, treatment, and current and
emerging prevention and control measures. J
Viral Hepat 2004;11:97-107.

Centers for Disease Control. Hepatitis: Control
Measures for Hepatitis B in Dialysis Centers.
HEW publication no. (CDC) 78-8358. Altlanta,
GA: US Department of Health, Education and
Welfare; 1977.

Dinits-Pensy M, Forrest GN, Cross AS, Hise MK.
The use of vaccines in adult patients with renal
disease. Am J Kidney Dis 2005;46:997-1011.

Stevens CE, Szmuness W, Goodman Al, Weseley
SA, Fotino M. Hepatitis B vaccine: Immune
responses in haemodialysis patients. Lancet
1980;2:1211-3.

Desmyter J, Colaert J, De Groote G, Reynders M,
Reerink-Brongers EE, Lelie PN, et al. Efficacy of
heat-inactivated  hepatitis B
haemodialysis patients and staff. Double-blind
placebo-controlled trial. Lancet 1983;2:1323-8.

vaccine in

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Ribot S, Rothstein M, Goldblat M, Grasso M.
Duration of hepatitis B surface antigenemia (HBs
Ag) in hemodialysis patients. Arch Intern Med
1979;139:178-80.

Hollinger FB, Sood G. Occult hepatitis B virus
infection: A covert operation. J Viral Hepat
2010;17:1-15.

Torbenson M, Thomas DL. Occult hepatitis B
infection. Lancet Infect Dis 2003;2:479-86.

Mrani S, Chemin I, Menouar K, Guillaud O,
Pradat P, Borghi G, et al. Occult HBV infection
may represent a major risk factor of 103
non-response to antiviral therapy of chronic
hepatitis C. J Med Virol 2007;79:1075-81.

Fabrizi F, Messa PG, Lunghi G, Aucella F,
Bisegna S, Mangano S, et al. Occult hepatitis B
virus infection in dialysis patients: A multicentre
survey. Aliment PharmacolTher 2005;21:1341-7.

Cabrerizo M, Bartolome J, Caramelo C, Barril G,
Carreno V. Molecular analysis of hepatitis B
virus DNA in serum and peripheral blood
mononuclear cells from hepatitis B surface antigen-
negative cases. Hepatology 2000;32:116-23.

Oesterreicher C, Hammer J, Koch U, Pfeffel F,
Sunder-Plassmann G, Petermann D, et al. HBV
and HCV genome in peripheral blood
mononuclear cells in patients undergoing chronic
hemodialysis. Kidney Int 1995;48:1967-71.

Minuk GY, Sun DF, Greenberg R, Zhang M,
Hawkins K, Uhanova J, et al. Occult hepatitis B
virus infection in a North American adult
hemodialysis patient population. Hepatology
2004;40:1072-7.

Sav T, Gursoy S, Torun E, Sav NM, Unal A,
Oymak O, et al. Occult HBV infection in
continuous ambulatory peritoneal dialysis and
hemodialysis patients. Ren Fail 2010;32:74-7.

Shih CM, Lo SJ, Miyamura T, Chen SY, Wu LY.
Suppression of hepatitis B virus expression and
replication by hepatitis C virus core protein in
HuH-7 cells. J Virol 1993;67:5823-32.



Viral Hepatitis in Hemodialysis: An update

B 134

23

24.

25.

26.

27.

28

29.

30.

31.

32.

. Chu CM, Yeh CT, Liaw YF. Low-level viremia
and intracellular expression of hepatitis B surface
antigen (HBsAg) in HBsAg carriers with
concurrent hepatitis C infection. J ClinMicrobiol
1998;36:2084-6.

Sheen IS, Liaw YF, Chu CM, Pao CC. Role of
hepatitis C virus infection in spontaneous
hepatitis B surface antigen clearance during
chronic hepatitis B virus infection. J Infect Dis
1992;165:831-4.

Koike K, Kobayashi M, Gondo M, Hayashi I,
Osuga T, Takada S. Hepatitis B virus DNA is
frequently found in liver biopsy samples from
hepatitis C virus-infected chronic hepatitis
patients. J Med Virol 1998;54:249-55.

Tang S, Lai KN. Chronic viral hepatitis in
hemodialysis patients. Hemodiallnt 2005;9:169-79.

Winearls CG. Recombinant human erythropoietin:
10 years of clinical experience. Nephrol Dial
Transplant 1998;13Suppl 2:3-8. Centers for
Disease Control (CDC). Update: Universal
precautions for prevention of transmission of
human immunodeficiency virus, hepatitis B virus
and other blood-borne pathogens in healthcare
settings. MMWR Morb Mortal Wkly Rep
1988;37:377-82.

. Krugman S, Giles JP, Hammond J. Viral hepatitis,
type B (MS-2 strain) prevention with specific
hepatitis B immune serum globulin. JAMA
1971;218:1665-70.

Peces R, De La Torre M, Alcazar R, Urra JM.
Prospective analysis of the factors influencing the
antibody response to hepatitis B vaccine in
hemodialysis patients. Am J Kidney Dis
1997;29:239-45.

Lai CL, Ratziu V, Yuen MF, Poynard T. Viral
hepatitis B. Lancet 2003;362:2089-94.

Petersen J, Buti M. Considerations for the
long-term treatment of chronic hepatitis B with
nucleos(t)ide analogs. Expert Rev Gastroenterol
Hepatol 2012;6:683-94.

Pipili C, Cholongitas E, Papatheodoridis G.
Review article: Nucleos(t) ide analogues in

33.

34.

35.

36.

37.

38.

39.

40.

41.

patients with chronic hepatitis B virus infection
and chronic kidney disease. Aliment Pharmacol
Ther 2014;39:35-46.

Hepatitis C. WHO Publication, Fact sheet N°164,
Updated April 2014.

Khedmat H, Amini M, Ghamar-Chehreh ME,
Agah S. Hepatitis C virus infection in dialysis
patients. Saudi J Kidney Dis Transpl
2014;25:1-8.

Wreghitt TG. Blood-borne virus infections in dialysis
units-A review. Rev Med Virol 1999;9:101-9.

Bernieh B, Al Shaebi F, Jean N, Hassanin S, Wafa
A, Tabbakh A, et al. Successful control of Hepatitis
C infection in hemodialysis unit by complete
isolation: Ten years’ experience of Medinah Al
Munawarah. Saudi Society of Nephrology Annual
Meeting, Jeddah, KSA, February 2007.

Carneiro MA, Martins RM, Teles SA, Silva SA,
Lopes CL, Cardoso DD, et al. Hepatitis C
prevalence and risk factors in hemodialysis
patients in Central Brazil: A survey by polymerase
chain reaction and serological methods. MemlInst
Oswaldo Cruz 2001;96:765-9.

Sanchez JL, Sjogren MH, Callahan JD, Watts
DM, Lucas C, AbdelHamid M, et al. Hepatitis C
in Peru: Risk factors for infection, potential

iatrogenic transmission, and genotype distribution.
Am J Trop Med Hyg 2000;63:242-8.

El-Amin HH, Osman EM, Mekki MO, Abdelraheem
MB, Ismail MO, Yousif ME, et al. Hepatitis C
virus infection in hemodialysis patients in Sudan:
Two centers’ report. Saudi J Kidney Dis Transpl
2007;18:101-6.

Hmaied F, Ben Mamou M, Saune-Sandres K,
Rostaing L, Slim A, Arrouji Z, et al. Hepatitis C
virus infection among dialysis patients in Tunisia:

Incidence and molecular evidence for nosocomial
transmission. J Med Virol 2006;78:185-91.

Petrosillo N, Gilli P, Serraino D, Dentico P, Mele
A, Ragni P, et al. Prevalence of infected patients
and understaffing have a role in hepatitis C virus
transmission in dialysis. Am J Kidney Dis
2001;37:1004-10.



135 JAKMMC J 2020 : 11(2)

N Mahmood, MMR Siddiqui, RS Giasuddin e/ al.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Schneeberger PM, Keur I, van Loon AM, Mortier
D, de Coul KO, van Haperen AV, et al. The
prevalence and incidence of hepatitis C virus
infections among dialysis patients in the
Netherlands: A nationwide prospective study. J
Infect Dis 2000;182:1291-9.

Salama G, Rostaing L, Sandres K, Izopet J.
Hepatitis C  virus infection in French
hemodialysis units: A multicenter study. J Med
Virol 2000;61:44-51.

Sypsa V, Psichogiou M, Katsoulidou A, Skoutelis
G, Moutafis S, Hadjiconstantinou V, et al.
Incidence and patterns of hepatitis C virus
seroconversion in a cohort of hemodialysis
patients. Am J Kidney Dis 2005;45:334-43.

Fissell RB, Bragg-Gresham JL, Woods JD, Jadoul M,
Gillespie B, Hedderwick SA, et al. Patterns of
hepatitis C prevalence and seroconversion in
hemodialysis units from three continents: The
DOPPS. Kidney Int 2004;65:2335-42.

Fabrizi F, Martin P, Dixit V, Brezina M, Russell
J, Conrad A, et al. Detection of de novo hepatitis
C virus infection by polymerase chain reaction in
hemodialysis patients. Am J Nephrol 1999;19:383-8.

Saxena AK, Panhotra BR. The susceptibility of
patients with type-2 diabetes to hepatitis C virus
infection during long-term haemodialysis. Swiss
Med Wkly 2003;133:611-8.

Ocak S, Duran N, Kaya H, Emir I. Seroprevalence

of hepatitis C in patients with type 2 diabetes
mellitus and non-diabetic on haemodialysis. Int J
ClinPract 2006;60:670-4.

Centers for Disease Control and Prevention:
Recommendations for prevention and control of
hepatitis C virus (HCV) infection and HC
Vrelated chronic disease. MMWR Recomm Rep
1998;47:1-39.

Centers for Disease Control and Prevention:
Recommendations for preventing transmission of
infections among chronic hemodialysis patients.
MMWR Recomm Rep 2001;50:1-43.

Courouce AM, Le Marrec N, Bouchardeau F,
Razer A, Maniez M, Laperche S, et al. Efficacy of

52.

53.

54.

55.

56.

57.

58.

59.

60.

HCYV core antigen detection during the preserocon-
version period. Transfusion 2000;40: 1198-202.

Reddy AK, Dakshinamurty KV, Lakshmi V.
Utility of HCV core antigen ELISA in the
screening for hepatitis C virus infection in
patients on hemodialysis. Indian J] Med Microbiol
2006;24:55-7.

Fabrizi F, Lunghi G, Aucella F, Mangano S,
Barbisoni F, Bisegna S, et al. Novel assay using
total hepatitis C virus (HCV) core antigen
quantification for diagnosis of HCV infection in
dialysis patients. J ClinMicrobiol 2005;43:414-20.

Aoyagi K, Iida K, Ohue C, Matsunaga Y, Tanaka
E, Kiyosawa K, et al. Performance of a
conventional enzyme immunoassay for hepatitis
C virus core antigen in the early phases of
hepatitis C infection. Clin Lab 2001;47:119-27.

Hosokawa N, Esumi M, Iwasaki Y, Yanai M,
Enomoto A, Kawano K. Phylogenetic evidence,
by multiple clone analysis of hypervariable
region 1, for the transmission of hepatitis C virus
to chronic haemodialysis patients. J Viral Hepat
2000;7:276-82.

Izopet J, Pasquier C, Sandres K, Puel J, Rostaing
L. Molecular evidence for nosocomial
transmission of hepatitis C virus in a French
hemodialysis unit. J Med Virol 1999;58:139-44.

Savey A, Simon F, Izopet J, Lepoutre A, Fabry J,
Desenclos JC. A large nosocomial outbreak of
hepatitis C virus infections at a hemodialysis
center. Infect Control HospEpidemiol
2005;26:752-60.

Delarocque-Astagneau E, Baffoy N, Thiers V,
Simon N, de Valk H, Laperche S, et al. Outbreak
of hepatitis C virus infection in a hemodialysis
unit: Potential transmission by the hemodialysis
machine? Infect Control HospEpidemiol
2002;23:328-34.

Jadoul M. Epidemiology and mechanisms of
transmission of the hepatitis C virus in haemo-
dialysis. Nephrol Dial Transplant 2000;15:39-41.

Jadoul M, Cornu C, van Ypersele de Strihou C.
Universal precautions prevent hepatitis C virus



Viral Hepatitis in Hemodialysis: An update

B 136

61.

62.

63.

64.

65.

66.

67.

transmission: A 54 month follow-up of the
Belgian Multicenter Study. The Universitaires
Cliniques St-Luc (UCL) Collaborative Group.
Kidney Int 1998;53:1022-5.

Saxena AK, Panhotra BR. The impact of nurse
understaffing on the transmission of hepatitis C
virus in a hospital-based hemodialysis unit. Med
PrincPract 2004;13:129-35.

Centers for Disease Control (CDC). Reco-
mmendations for preventing transmission of
infections among chronic hemodialysis patients.
MMWR Recomm Rep 2001;50:1-43.

Kidney Disease: Improving Global Outcomes
(KDIGO).KDIGO clinical practice guidelines for
the prevention, diagnosis, evaluation, and
treatment of hepatitis C in chronic kidney disease.
Kidney IntSuppl 2008;109:S1-99.

Mohamed WZ. Prevention of hepatitis C virus in
hemodialysis patients: Five years’ experience
from a single center. Saudi J Kidney Dis Transpl
2010;21:548-54

AuJS, Pockros PJ. Novel Therapeutic Approaches

for Hepatitis C, Clinical Pharmacology &
Therapeutics advance online publication 27
November 2013.

Simmonds P. Genetic diversity and evolution of
hepatitis C virus-15 years on. J Gen Virol
2004;85:3173-88.

Poordad F, McCone J Jr, Bacon BR, Bruno S,
Manns MP, Sulkowski MS, et al. Boceprevir for
untreated chronic HCV genotype 1 infection. N
Engl ] Med 2011;364:1195-206.

68.

69.

70.

71.

72.

73.

74.

Poordad F, Dieterich D. Treating hepatitis C:
current standard of care and emerging direct-acting
antiviral agents. J Viral Hepat 2012;19:449-64.

Peck-Radosavljevic M, Boletis J, Besisik F,
Ferraz ML, Alric L, Samuel D, et al. Low-dose
peginterferon alfa-2a (40KD) is safe and
produces a SVR in patients with chronic hepatitis
C and end-stage renal disease. Clin Gastroenterol
Hepatol 2011;9:242-8.

Glue P, Fang JW, Rouzier-Panis R, Raffanel C,
Sabo R, Gupta SK, et al. Pegylated interferon-
alpha2b: Pharmacokinetics, pharmacodynamics,
safety, and preliminary efficacy data. Hepatitis C
Intervention Therapy Group. ClinPharmacol Ther
2000;68:556-67.

Fabrizi F, Dixit V, Martin P, Messa P. Combined
antiviral therapy of hepatitis C virus in dialysis

patients: Meta-analysis of clinical trials. J Viral
Hepat 2011;18:263-9.

Dahlan Y, Ather HM, Al-ahmadi M, Batwa F,
Al-hamoudi W. Sustained virological response in
a predominantly hepatitis C virus genotype 4

infected population. World J Gastroenterol
2009;15:4429-33.

Treitel M, Marbury T, Preston RA, Triantafyllou
I, Feely W, O’Mara E, et al. Single-dose
pharmacokinetics of boceprevir in subjects with
impaired hepatic or renal function. Clin-
Pharmacokinet 2012;51:619-28.

European Association for Study of Liver. EASL
Clinical Practice Guidelines: management of
hepatitis C virus infection. J Hepatol 2014;60:392-420.



