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Abstract

Introduction: Hepatitis B virus (HBV) and hepatitis C
virus (HCV) infections in hemodialysis (HD) patients
are associated with adverse outcomes, especially after
kidney transplantation.

Review: In the HD setting, cross-contamination to
patients via environmental surfaces, supplies, equipment,
multiple-dose medication vials and staff members is
mainly responsible for both HBV and HCV transmission.
The incidence and prevalence of HBV in HD centers
have dropped markedly as a result of isolation strategy
for HBsAg positive patients, the implementation of
infection control measures and the introduction of HBV
vaccine. The incidence and prevalence of HCV infection
among HD patients remain higher than the corresponding
general population. There is ongoing debate as to
whether isolation of HCV infected patients is needed to
combat high anti-HCV seroconversion rates. The current
guidelines do not recommend isolation or the use of
dedicated machines for HCV infected patients, and rely
on strict adherence to infection control measures for
the prevention of HCV transmission in the HD setting.
Investigations of dialysis associated outbreaks of HCV
infection indicate that transmission most likely occurs
because of inadequate infection control practices. Routine
screening of anti-HCV negative patients, with HCV-
antibody testing, and monthly monitoring of ALT levels
is recommended to monitor transmission within centers.

Conclusion: Prevention of transmission of HBV and HCV
in the HD setting warrants a multi-faceted approach. Not
enough stress can be placed on the importance of adequate
infection control practices for the prevention of both
infections. Prevention of HBV transmission is augmented
by correct implementation of isolation strategies and the
universal vaccination of susceptible patients.
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Introduction

Chronic hemodialysis (HD) patients are at high risk for
infection because the process of HD requires vascular
access for prolonged periods and because of their
immunosuppressed status. In an environment shared by
multiple patients, there are repeated opportunities for
transmission of infectious agents.

Surveillance for infections associated with chronic HD
has always focused on viral hepatitis, particularly hepatitis
B virus (HBV) and hepatitis C virus (HCV) infections.
The mortality and morbidity of these infections in the
dialysis population is difficult to quantify. Many patients
with ESRD do not live long enough to develop the well
known complications related to chronic viral hepatitis.
Nevertheless, several reports were able to demonstrate
that the presence of anti-HCV antibodies predicted
increased mortality in the dialysis population [1, 2].

The negative impact on outcome after kidney
transplantation is even more pronounced. In a report
that evaluated the outcome of 542 kidney transplant
recipients, 33% of whom were anti-HCV positive and
4% were HBsAg positive, both anti-HCV positive and
HBsAg positive patients were found to have diminished
patient survival. In addition, anti-HCV positivity was
associated with diminished graft survival [3]. In a meta-
analysis of six observational studies, HBsAg in serum
was demonstrated to be an independent and significant
risk factor for death and graft failure after renal
transplantation compared to seronegative patients, with
an estimated relative risk of 2.49 and 1.44, respectively
[4]. A recently published analysis of the Australian and
New Zealand Dialysis and Transplant registry found that
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Table 1: Estimated average risk of seroconversion following a percutaneous exposure to an infected source [8, 9]

Virus

Risk of seroconversion

Hepatitis B Virus (HBsAg positive, HBeAg positive)
Hepatitis B Virus (HBsAg positive, HBeAg negative)
Hepatitis C Virus

Human Immunodefficiency Virus (HIV)

19-30%
5%
1.8%
0.3%

patient survival among anti-HCV positive and anti-HCV
negative renal transplant recipients was 77% versus 90%
and 50% versus 79% at 5 and 10 years, respectively. The
adjusted hazards ratio for patient death was 2.38, and the
adjusted hazard ratio for graft loss was 1.7 for anti-HCV
positive patients [2].

This review is intended to provide a concise but
comprehensive description of the epidemiology and
risk factors of both viral infections in HD patients, and
to outline the current recommendations for their control
and prevention.

HBY infection in HD patients
Incidence and prevalence

The world can be divided into three areas where the
prevalence of chronic HBV infection is high (>8%),
intermediate (2-8%), and low (<2%). High endemicity
areas include south-east Asia and the Pacific Basin
(excluding Japan, Australia and New Zealand), sub-
Saharan Africa, the Amazon Basin, parts of the Middle
East, the central Asian Republics and some countries
in Eastern Europe. In these areas, about 70-90% of the
population become HBV infected before the age of 40 and
8-20% of people are HBV carriers. Low endemicity areas
include North America, Western and Northern Europe,
Australia and parts of South America. The carrier rate
there is less than 2% and less than 20% of the population
is infected with HBV. The rest of the world falls into the
intermediate range of HBV prevalence, with 2-8% of a
given population being HBV carriers [5]. While perinatal
transmission or transmission during early childhood is
responsible for the high rate of chronic infection in Asia
and Africa, sexual or parenteral exposure account for
most cases in industrialized countries [5].

HBYV infection was quite common in HD facilities during
their early years. However, the isolation strategy for
HBsAg positive patients, the implementation of infection
control measures, the discovery of erythropoietin, and the
introduction of HBV vaccine have significantly reduced
HBYV infection rates in HD centers. In the United States,
the incidence of newly acquired HBV infection among
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chronic HD patients was 6.2% in 1974 and declined to
0.06% by 1999. Prevalence of chronic HBV infection
also declined from 7.8% in 1976 to 0.9% by 1999 [6].

The Dialysis Outcomes and Practice Patterns Study
(DOPPS) estimated HBV prevalence and incidence in
a randomly selected sample from 308 representative
dialysis facilities in France, Germany, Italy, Spain,
the United Kingdom, Japan, and the United States.
The adjusted HBV seroconversion rate was 0.4-1.8
seroconversions per 100 patient-years. The majority of
surveyed HD facilities (78.1%) had a seroconversion rate
of zero conversions per 100 patient-years [7].

This probably explains why recently reported prevalence
rates of HBV infection in HD facilities seem to concur
more closely with its prevalence in the corresponding
general population. In the DOPPS study, the mean HBV
facility prevalence was 3.0% with a median of 1.9% [7].
These relatively low figures probably reflect the low
prevalence of chronic HBV infection in these countries'
general population. In contrast, a much higher prevalence
rate of HBV infection among dialysis patients was
reported from China (14.6%), which belongs to HBV
high endemicity areas [1].

Transmission

HBYV is transmitted by exposure to infectious blood or
body fluids that contain blood through a skin puncture or
by direct contact with mucous membranes. HBV is highly
infectious compared with other blood-borne viruses; an
untreated percutaneous exposure to an infected source
carries a risk of seroconversion of up to 30% (Table 1)

[8].

All hepatitis B surface antigen (HBsAg) positive
persons are infectious, but those who are also positive
for hepatitis B e antigen (HBeAg) circulate HBV at high
titers in their blood and are potentially more infectious
[10]. Furthermore, HBV at high titers can be present on
environmental surfaces in the absence of any visible blood
and still result in transmission. It is relatively stable in
the environment and remains viable for at least 7 days at
room temperature [11]. In HD centers, HBsAg has been
detected on clamps, scissors, dialysis machine control



Table 2: Significance of HBV serological markers

Prevention of HBV and HCV in HD Centers

Name Description Significance
HBsAg HBYV surface antigen Appears 30-60 days after exposure” and persists for variable periods
Persists in chronic HBV infection
Indicates that the patient is infective
HBeAg HBYV e antigen Sometimes present in acute HBV infecton
Sometmes present in chronic HBV infection
Indicates that the patient is highly infective
Anti-HBs Antibody to HBV surface antigen Appears after recovery from HBV infection

Total anti-HBc Antibody to HBV core antigen

(IgG and IgM subtypes)

IgM anti-HBc Antibody to HBV core antigen

(IgM subtype only)

Appears after successful vaccination against HBV
Indicates immunity against HBV

Appears during acute HBV infection
Persists for life
Indicates previous exposure to HBV

Appears during acute HBV infection
Persists for approximately 6 months
Indicates recent HBV infection (within 6 months)

* Transient HBsAg positivity (up to 18 days) can be detected in some patients during vaccination [17]

knobs, and doorknobs [12]. Cross-contamination to
patients via environmental surfaces, supplies, equipment,
multiple dose medication vials and staff members plays
the prime role in HBV transmission in this setting [6].

Once the factors that promote HBV transmission within
HD centers were identified, recommendations for the
prevention of this transmission were made available.
The Rosenheim Report was published in UK in 1972 and
the Center for Disease Control and Prevention (CDC)
recommendations were published in the USA in 1977
[13, 14]. The implementation of these guidelines had
a remarkable effect on the incidence and prevalence of
HBYV in HD centers. Investigations of outbreaks of HBV
infection that occur in chronic HD centers almost always
document failure to use recommended infection control
practices [6].

Clinical features and natural history

HBYV causes both acute and chronic hepatitis. In adults
with normal immune status, most (94-98%) recover
completely from newly acquired HBYV infections,
eliminating the virus from the blood and producing
neutralizing antibodies that create immunity from
future infection with all subtypes of the virus. In
immunosuppressed persons (including HD patients),
most newly acquired HBV infections result in chronic
infection [15].

Screening and diagnostic tests

HBYV infection is associated with a number of serological
markers that are present during different stages of the
infection (Tables 2 and 3) [5, 16].

In some persons, the only HBV serologic marker detected
is anti-HBc. In most persons with isolated anti-HBc,
the result appears to be a false positive, and a primary
anti-HBs response develops after a three-dose series of
hepatitis B vaccine [18]. In a small percentage of isolated
anti-HBc cases, HBV DNA is detectable in serum and
the person is considered to have occult HBV infection.
These persons are unlikely to be infectious to others
except under unusual circumstances involving direct
percutaneous exposure to large quantities of blood (e.g.
blood transfusion) [18].

The prevalence of isolated anti-HBc among HD patients
varies between 6.2-35% in different reports, and the
reported prevalence of detectable HBV DNA in the serum
of such patients also varies between 0-50% [19-21].
The Center for Disease Control and Preventions has set
recommendations for the management HD patients with
isolated anti-HBc (Figure 1) [6]. The same guidelines
consider isolation for such patients unnecessary because
they are HBsAg negative [6].

Prevention of HBV transmission in the HD setting

The segregation of HBsAg positive patients and their
equipment from HBV susceptible patients is estimated
to have resulted in 70-80% reduction in the incidence of
HBYV infection among HD patients [6]. The success of
isolation practices in preventing transmission of HBV
infection is linked to other infection control practices,
including routine serological surveillance and routine
cleaning and disinfection. Vaccination of all susceptible
patients and the avoidance of blood transfusions have
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Table 3: Interpretation of HBV serological markers

HBsAg Anti-HBs Total IgM
anti-HBc¢ anti-HBc¢

Interpretation

No previous exposure to HBV infection

No vaccination (or unsuccessful vaccination) against HBV
Patient is susceptible to HBV infection

Early acute HBV infection

Infectivity is high in case of concomitantly positive HBeAg
Patient is infective

Acute HBV infection

Appearance of anti-HBs indicates resolving infection
Patient is infective

Chronic HBV infection

Infectivity is high in case of concomitantly positive HBeAg
Patient is infective

Recovery from previous HBV infection

Patient is immune against HBV

Successful vaccination against HBV

Patient is immune against HBV

Possibilities include past HBV infection with failed or waning immune

response, acute HBV infection during convalescence, low level of
chronic HBV infection, or false positive reaction

also played an important role in minimization HBV
transmission in the HD population.

Hepatitis B vaccine

Hepatitis B vaccine has been available since 1982 and is
the first and currently the only vaccine against a major
human cancer. Vaccines are produced by two different
methods, plasma derived or recombinant DNA, both of
which have an outstanding record of safety and efficacy

[5].

The preferred schedule for routine pre-exposure
prophylaxis consists of three injections at 0, 1, and
6 months. In cases of post-exposure prophylaxis, an
alternative schedule of four injections at 0, 1, 2, and 12
months is preferred [5]. For dialysis patients, another
four-injection schedule at 0, 1, 2, and 6 months is
recommended (Engerix-B®), with a higher dose of 40
mcg per injection [5, 6].

All doses should be given by intramuscular injection in
the deltoid muscle. The course of vaccination should
not be started over when a scheduled dose is missed
or postponed, but should be completed in due course.
Hepatitis B vaccination does no harm to HBV-immune or
HBV-infected individuals. There is no recommendation
for the routine administration of booster doses [5]. If a
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lower than recommended vaccine dose is administered to
dialysis patients, the dose should be repeated [6].

To evaluate response, anti-HBs titer should be measured
for all vaccinated persons 1-2 months after the last
vaccine dose. An initial anti-HBs titer of > 10 mIU/I is
regarded protective [5]. Vaccinees who do not respond
to the basic immunization doses should be offered one
or two additional injections of vaccine [5]. Persistent
non-responders should be screened for HBsAg. Non-
responders who are HBsAg negative should be warned
to seek post-exposure prophylaxis in the event of contact
with potentially infectious blood [6].

The recommended primary series of hepatitis B vaccine
induces a protective anti-HBs response in 90-95% of
adults with normal immune status [5]. The proportion of
HD patients who develop a protective antibody response
after vaccination (even with higher dosages) is lower,
with a median of 64% for the three-dose schedule and
86% for the four-dose schedule [6]. Higher antibody
response rates could be achieved by vaccinating patients
with chronic renal failure before they become dialysis
dependent [22].

Among persons with normal immune status who respond
to the primary series of hepatitis B vaccine, protection
against HBV is virtually complete and persists even
when antibody titers become undetectable [6]. On the



Prevention of HBV and HCV in HD Centers

Figure 1: Outline of the management of HD patients with isolated anti-HBc
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other hand, vaccination of HD patients reduces the risk
of HBV infection by 70% [23]. No HBV infections
have been reported among vaccinated HD patients who
maintained protective levels of anti-HBs, but protection is
not maintained when antibody titers fall below protective
levels [24]. Immunized HD patients whose antibody titers
subsequently declined below protective levels virtually
always respond to a booster dose of the vaccine [25].

Post-exposure prophylaxis against HBV

In case of contamination with blood or body fluids from
a potentially infected source, it is recommended to wash
the skin with soap and water and irrigate the eyes and
mucous membrane [26]. Base line HBV, HCV and HIV
status of the exposed person and the source patient should

be made available. If the source patient is not available or
refuses testing, consider him/her infected [26].

The management of a possible occupational exposure
to HBV differs according to the susceptibility of
the exposed person. For susceptible persons, post-
exposure prophylaxis should include both hepatitis B
immunoglobulin (HBIG) and hepatitis B vaccine if the
source patient is HBsAg positive, unidentifiable, or
refuses testing (Table 4).

If the source patient is known to be HBsAg negative,
HBIG is not indicated but hepatitis B vaccine should
be administered following the same guidelines. This
management does not differ in case of pregnancy [26].
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Table 4: recommended post-exposure prophylaxis if the source patient is HBsAg positive, unidentifiable, or refuses testing" [26]

Status of exposed person

Recommended action

Fully vaccinated
with documented antibody response

Fully vaccinated
with no documented antibody response

Certain of receiving
1-2 doses of hepatitis B vaccine

Did not receive

If previously documented anti-HBs > 10 mIU/ml:

 The exposed subject is virtually immune
* No need for HBIG or booster dose of vaccine

Check anti-HBs titer. If anti-HBs > 10 mIU/ml no further action is required; otherwise:

* Give HBIG (0.06 ml/kg)
 Give booster dose of hepatitis B vaccine

Check anti-HBs titer. If anti-HBs > 10 mIU/ml no further action is required; otherwise:
* Give HBIG (0.06 ml/kg)

» Complete vaccination or restart accelerated schedule (0, 1, 2, 12 months)

Check anti-HBs titer. If anti-HBs > 10 mIU/ml no further action is required; otherwise:

any dose of hepatitis B vaccine

* Give HBIG (0.06 ml/kg) and repeat dose after one month

« Start hepatitis B vaccination according to accelerated schedule (0, 1, 2, 12 months)

Fully vaccinated
and documented non-responder

If previously documented anti-HBs < 10 mIU/ml:
* Give HBIG (0.06 ml/kg) and repeat dose after one month

« Start hepatitis B vaccination according to accelerated schedule (0, 1, 2, 12 months)

Received 4 or more doses of vaccine
and documented non-responder

If previously documented anti-HBs < 10 mIU/ml:
* Give HBIG (0.06 ml/kg) and repeat dose after one month

* Consider alternative hepatitis B vaccine

* If the source patient is known to be HBsAg negative, management would follow the same guidelines with the exclusion of HBIG

HBIG and hepatitis B vaccine should always be given at
different sites. When indicated, HBIG and the first dose
of the vaccine must be administered as soon as possible,
preferably within 24 hours from the exposure and no later
than one week. Serological follow-up is not recommended
recommended when post-exposure management is in
accord with these recommendations [26].

HCYV infection in HD patients
Incidence and prevalence

In 1989, the virus responsible for most cases of non-A
non-B hepatitis was identified and named hepatitis C
virus (HCV). The World Health Organization (WHO)
estimates that the global prevalence of HCV infection
averages 3%, or around 170 million infected persons
worldwide. Prevalence of confirmed anti-HCV positivity
in blood donors ranges from less than 0.1% in Northern
Europe to 0.1-0.5% in Western Europe, North America,
parts of Central and South America, Australia, and a few
regions of Africa. Intermediate rates (1-5%) have been
reported from Brazil, Eastern Europe, the Mediterranean
area, the Indian subcontinent, and parts of Africa and Asia
[27]. The estimated prevalence of HCV infection among
HD patients is much higher. Moreover, the prevalence
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of HCV in HD patients does not seem to reflect its
prevalence in the corresponding general population.

Seven years ago, the DOPPS study estimated the mean
prevalence of HCV among adult HD patients in France,
Germany, Italy, Japan, Spain, the United Kingdom, and
the United States to be 13.5%, varying between countries
from 2.6% to 22.9% [28]. The mean prevalence of HCV
infection among HD patients in Asia-Pacific countries
was recently reported to be 7.9% + 5.5%. The prevalence
was less than 5% in Australia/New Zealand, Korea,
Japan and Thailand, between 5-15% in Hong Kong,
Taiwan and Malaysia, and more than 15% in China [1].
The prevalences of HCV infection observed in dialysis
patients in these countries were considerably higher than
those in the corresponding general populations (range
1.0-2.9%) [29].

In the DOPPS study, the adjusted HCV seroconversion
rate was 1.2-3.9 seroconversions per 100 patient-years,
and more than half the facilities had no documented
seroconversions [28].

Transmission

HCVismostefficiently transmitted by direct percutaneous
exposure to infectious blood, and like HBYV, the
chronically infected person is central to the epidemiology



of HCV transmission. Percutaneous exposure to an
infected source carries a risk of seroconversion of 1.8%
for HCV [9].

In the HD setting, cross-contamination to patients via
environmental surfaces, supplies, equipment, multiple
dose medication vials and staff members is mainly
responsible for HCV transmission [6]. In one South
American study, HD treatment (but not blood transfusion)
was the only risk factor significantly associated with
HCV infection in ESRD patients, with a hazard ratio
of 5.7 compared to 22.3 for HBV infection [30]. In the
USA, several reports since 1990 estimated the annual
rate of anti-HCV seroconversion to be 0.7-3% among
HD patients; none of the patients who seroconverted had
received transfusions in the interim or were injecting-drug
users [6]. Investigations of dialysis associated outbreaks
of HCV infection indicate that transmission most likely
occurs because of inadequate infection control practices
[6, 31].

Clinical features and natural history

HCV causes both acute and chronic hepatitis. The
incubation period ranges from 14-180 days. Persons with
newly acquired (acute) HCV infection typically are either
asymptomatic or have a mild clinical illness. After acute
HCYV infection, chronic HCV infection develops in most
infected persons (75-85%). Of persons with chronic HCV
infection, 60-70% have persistent or fluctuating ALT
elevations, indicating active liver disease [32]. Although
similar rates of chronic liver disease have been observed
among HC V-infected chronic HD patients (based on liver
biopsy results), these patients might be less likely to have
biochemical evidence of active liver disease [33].

Screening and diagnostic tests

HCYV infection is mainly diagnosed by tests that measure
anti-HCV, most commonly enzyme immunoassays
(EIAs). The average time from exposure to seroconversion
is 8-9 weeks [34]. Anti-HCV can be detected in 80% of
patients within 15 weeks after exposure and in > 97%
within 6 months [6]. These tests do not distinguish
between acute, chronic, or resolved infection. Anti-HCV
persists indefinitely in most persons, but does not protect
against re-infection [6].

Most HD patients (average: 94%) with newly acquired
HCYV infection have elevated serum ALT levels [6], and
this elevations often precede anti-HCV seroconversion.
Compared with ALT, AST is a less specific indicator
of HCV-related liver disease among HD patients.
Monthly monitoring of ALT levels in HD patients is
used to facilitate early detection of newly acquired HCV
infection.

Prevention of HBV and HCV in HD Centers

The diagnosis of HCV infection also can be made
by qualitatively detecting HCV-RNA using gene
amplification techniques (e.g. RT-PCR). HCV-RNA can
be detected in serum or plasma within 1-2 weeks after
exposure, well before the onset of ALT elevations or
the appearance of anti-HCV. In rare instances, detection
of HCV RNA might be the only evidence of HCV
infection [6]. Some HCV infected persons might be only
intermittently HCV RNA positive, particularly those with
acute hepatitis C or with end-stage liver disease caused
by hepatitis C.

The CDC guidelines do not recommend using RT-PCR
for HCV-RNA as the primary test for routine screening of
HD patients [6]. According to the CDC, patients should
be screened by EIA to test for anti-HCV. Positive results
should then be confirmed by HCV-RNA testing. The
CDC guidelines also rely on more frequent EIA testing to
detect new HCV infections following cases of suspected
nosocomial transmission [6].

In contrast, the KDIGO guidelines advice HD units with
a high prevalence of HCV infection to consider nucleic
acid tests for initial testing of patients when they first
start HD or when they transfer from another HD facility.
According to the same guidelines, nucleic acid tests
should be performed in all patients who may have been
exposed if a new HCV infection in a HD unit is suspected
to be nosocomial. In addition, repetition of nucleic acid
tests is recommended within 2-12 weeks in initially
negative patients [31].

Both guidelines consider retesting with EIA every 6-12
months to be sufficient for surveillance of chronic HD
patients. Both guidelines recommend nucleic acid
testing for HD patients with unexplained elevations
in aminotransferase levels if anti-HCV is repeatedly
negative [6, 31].

Prevention of HCV transmission in the HD setting

The Center for Disease Control and Prevention (CDC)
[6] and Kidney Disease Improving Global Outcomes
(KDIGO) [31] guidelines do not recommend isolation of
HCYV infected patients as an alternative to strict infection-
control measures, nor the use of dedicated dialysis
machines for HCV infected patients.

HCV does not cross intact dialyzer membranes. In the
event of a membrane leak, transmission would require
HCV to reach fresh dialysate used for a subsequent patient
and enter the blood compartment for that patient through
back-filtration across the dialyzer membrane. This
theoretical mechanism is considered highly improbable
in single-pass machines [6, 31].
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Investigations of dialysis associated outbreaks of HCV
infection indicate that transmission most likely occurs
because of inadequate infection control practices.
The majority of investigations were able to discount
transmission via the internal pathways of the dialysis
machine easily as the patients involved in the outbreak
were dialyzed at the same time and/or on separate
machines. Several of these reports documented
nosocomial HCV transmission despite the existence of
isolation procedures for HCV infected patients [6, 31].

Several investigators reported that dialyzing anti-HCV
positive patients on dedicated machines was associated
with a lower HCV seroconversion rate, including a
randomized multicenter study [35, 36]. However, HCV
seroconversion was not eliminated by this approach,
and deviations from the CDC guidelines on hygienic
precautions were not accounted for. In contrast, there
are reports in which HCV transmission was reduced
by reinforcement of basic hygienic precautions without
any isolation measures [37, 38]. Additionally, two large
studies, one of which is the DOPPS study, found that
after adjusting for potential confounders, isolation does
not protect against HCV transmission in HD patients [28,
39].

It is noteworthy that the "isolation" referred to by most
of these investigators actually means dialyzing anti-HCV
positive patients on dedicated machines by the same staff
in the same dialysis ward as anti-HCV negative patients.
This may seem odd since available evidence suggests
that the nosocomial transmission of HCV in HD units
occurs as a result of environmental contamination rather
than through the internal pathway of the HD machines.

This mode of transmission has been combated in case
of HBV through the implementation of strict isolation
strategies. Despite the fact that HBV is ten times more
infectious than HCV, its transmission in the HD ward has
been rendered almost negligible in units that adhere to
the CDC guidelines of segregating HBV infected patients
along with their equipment and staff in separate rooms.
The CDC guidelines for HCV infected patients were
not as successful in reducing the prevalence of HCV
infection.

The DOPPS study estimates the prevalence of HBV
infection in HD patients in the USA at 2.4%, with an
adjusted incidence of 0.4 seroconversions per 100 patient-
years [7]. The same study estimates the prevalence of
HCV infection in HD patients in the USA at 14%, with
an adjusted incidence of 2.5 seroconversions per 100
patient-years [28].

An interesting report from a single center stated that
the center's annual HCV seroconversion rate was 6.8%
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despite dedicating separate machines within the dialysis
ward for anti-HCV positive patient. After they isolated
anti-HCV positive patients in a separate room with
dedicated equipment and staff, the annual seroconversion
rate dropped to 1% [40]. A weak point in this study was
the reliance on anti-HCV testing for case identification; it
is possible that the two cases who seroconverted during
the one year of follow up were already infected and in
their incubation period at the start of the study.

This demonstrates one obstacle that would arise if we
attempt to implement the same isolation strategies
of HBV infected patients to HCV infected patients.
Anti-HCV can be detected in only 80% of patients within
15 weeks of newly acquired infection. While HCV-RNA
can be detected in serum or plasma within 1-2 weeks
after exposure, the assay is more expensive than EIA for
anti-HCV. In addition, some HC V-infected persons might
be only intermittently HCV-RNA positive, particularly
those with acute hepatitis C or with end-stage liver
disease caused by hepatitis C.

The second and more important obstacle is logistic.
Separating patients on the basis of both their HCV and
HBYV infection status would be extremely demanding,
and even more so if HCV genotypes were taken into
consideration. Implementing isolation strategies for
HCV infected patients would either require additional
funding to avail isolation facilities or impose restrictions
on the choice of dialysis location or treatment modality
for HCV infected patients.

The KDIGO guidelines [34] considered accepting
the ‘need’ for isolation equivalent to accepting the
impossibility of full implementation of basic hygienic
precautions. The authors considered this a regrettable
situation that entails the risk of transmission of pathogens
other than HCV. This is not true, and this notion certainly
did not prohibit isolation of HBV infected patients.
The serious consequences of acquiring HCV infection
on the young dialysis patient, particularly if he/she is
being prepared for kidney transplantation, should not be
simply disregarded to avoid the burden of isolating HCV
infected patients.

To minimize cost, screening with HCV-RNA may be
restricted to patients newly admitted to dialysis or recently
transferred from another HD center in compliance with
the current KDIGO guidelines [31]. Patients infected
with different genotypes of HCV may be handled as one
group, relying on adherence to infection control measures
to prevent super-infection with other genotypes of the
virus. In cities where several HD facilities are available,
this would simply be a matter of re-arrangement and
would not impose severe restrictions on HCV infected
patients. The potential of "true" isolation of HCV infected



patients to minimize nosocomial transmission of HCV in
HD centers is highly significant. What we need is a well-
designed prospective study to evaluate the feasibility and
potential benefits of this approach.

Post-exposure prophylaxis

There is no vaccine against HCV, and no effective
form of post-exposure prophylaxis. Strict adherence to
infection control measures is the only way to avoid HCV
transmission in the health care setting.

Post-exposure management aim at early diagnosis of
acute HCV infection, in case it occurs. There is evidence
that early antiviral treatment at the stage of acute hepatitis
C is associated with a cure rate exceeding 90% [41].

The source patient should be tested by EIA for anti-HCV.
Immunosuppressed patients (e.g. dialysis patient) may
have false negative anti-HCV test results and should
always be considered as potentially infected. Persons
exposed to an anti-HCV positive, unidentifiable, untested,
or immunosuppressed source should be monitored for
six months after exposure. Monitoring should include
testing by EIA for anti-HCV at baseline, 3 months, and 6
months after exposure. In addition, ALT level should be
measured at baseline and then monthly for 4 months after
the exposure. A positive anti-HCV test or a rise in ALT
level should be followed by HCV-RNA testing. If acute
HCYV infection is diagnosed, urgent specialist referral is
advised for appropriate management [26].

Summary of the CDC recommendations for
control of HBY and HCYV in HD centers [6]

Preventing transmission of infection to HD patients
from both recognized and unrecognized sources requires
implementation of a comprehensive infection control
program. This should include specific infection control
practices, routine serologic testing, immunization,
surveillance, training and education.

Infection control precautions for all patients

* Gloves are required whenever caring for a patient or
touching the patient's equipment. A supply of clean
non-sterile gloves and a discard container should be
placed near each dialysis station

* Hands should always be washed after gloves are
removed, between patient contacts, and after touching
contaminated items. A sufficient number of sinks and
soap should be available in the dialysis ward. If the
hands are not visibly soiled, an antiseptic hand rub can
be used instead.

 Items taken to a patient's dialysis station, including
those placed on top of dialysis machines, should be
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used only for that patient. Otherwise, they should be
cleaned and disinfected before returning them to a
common clean area or using them for other patients. If
the item cannot be disinfected (e.g. adhesive tape), it
should be disposed of.

* Medications should be prepared in a room or area
separated from the patient treatment area and designated
only for medications. Contaminated (i.e. used) supplies,
equipment, or biohazard containers should not be
stored or handled in areas where medication and clean
equipment and supplies are handled.

* Medications should be delivered separately to each
patient. Common carts should not be used to distribute
medications. If trays are used to deliver medications
to a patient, clean them before using for a different
patient.

* Ifa common supply cart is used to store clean supplies
in the patient treatment area, this cart should remain
at a sufficient distance from patient stations to avoid
contamination with blood.

* Intravenous medication vials labeled for single use,
including erythropoietin, should not be punctured more
than once. Residual medication from two or more vials
should not be pooled into a single vial.

+ Staff members should wear gowns, face shields, eye
wear, or masks to protect themselves and prevent
soiling of clothing when performing procedures during
which spurting or spattering of blood might occur
(e.g., during initiation and termination of dialysis and
cleaning of dialyzers). Such protective clothing should
be changed if it becomes soiled with blood, body fluids,
secretions, or excretions.

« Staff members should not eat, drink or smoke in the
dialysis treatment area. Patients can be served meals
at their dialysis station. The glasses, dishes, and other
utensils should be cleaned in the usual manner.

Cleaning and disinfection

« Establish written protocols for cleaning and disinfecting
surfaces and equipment in the dialysis unit.

» After each patient treatment, clean environmental
surfaces at the dialysis station, including the dialysis
bed or chair, countertops, and external surfaces of the
dialysis machine including containers associated with
the prime waste. Use any soap, detergent, or detergent
germicide.

» Between uses of medical equipment (e.g. scissors,
hemostats, clamps, stethoscopes, blood pressure cuffs),
clean and apply a hospital disinfectant. If the item is
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visibly contaminated with blood, use a tuberculocidal
disinfectant.

For a blood spill, immediately clean the area with a
cloth soaked with a tuberculocidal disinfectant or a
1:100 dilution of household bleach (300-600 mg/L free
chlorine). The staff member doing the cleaning should
wear gloves, and the cloth should be placed in a bucket
or other leak-proof container. After all visible blood is
cleaned use a new cloth or towel to apply disinfectant
a second time.

For single-pass machines, perform rinsing and
disinfection procedures at the beginning or end of the
day. For batch recirculating machines, drain, rinse, and
disinfect after each use. Follow the same methods for
cleaning and disinfection if a blood leak has occurred.

In case of possible blood contamination of the internal
pressure tubing set and pressure sensing port of the
HD machine, the machine must be taken out of service
and disinfected using either 1:100 dilution of bleach
(300-600 mg/L free chlorine) or a commercially
available tuberculocidal germicide before reuse.

Housekeeping staff members in the dialysis facility
should promptly remove soil and potentially infectious
waste. All disposable items should be placed in bags
thick enough to prevent leakage. These solid medical
wastes should be disposed of properly in an incinerator
or sanitary landfill, according to local regulations.

Screening and serologic testing

The HBV serologic status of all patients should be
known before admission to the HD unit. It should be
prominently placed in patients' hospital records, and all
health-care personnel assigned to these patients should
be aware of the patients' serologic status.

HBsAg testing should be performed monthly for HBV
susceptible patients and annually for HBV infected
patients. Annual anti-HBs testing should be performed
for HBV immune patients.

Routinely screen all chronic HD patients for HCV
infection using EIA for anti-HCV. Repeat screening
for anti-HCV negative patients every 6-12 months.
Positive anti-HCV results should be confirmed by
RT-PCR for HCV-RNA.

Monthly screen anti-HCV negative patients with ALT
levels. Elevated ALT levels should be followed by
anti-HCV testing. Persistently abnormal ALT levels in
patients who are anti-HCV negative warrant testing for
HCV RNA.

Routine testing of staff members for HBV, HCV, or
HIV infection is not recommended
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Hepatitis B vaccination for HD staff members

Hepatitis B vaccination is recommended for all staff
members working in HD units. Check anti-HBs titer
1-2 months after the last vaccine dose. Staff members
with anti-HBs < 10 mIU/ml should be revaccinated
with three additional doses and retested for response.

Staff members with anti-HBs < 10 mIU/ml after
revaccination should be tested for HBsAgand counseled
accordingly. Non-responders who are HBsAg negative
are considered susceptible to HBV infection and will
need post-exposure prophylaxis for any probable
exposure to HBsAg-positive blood.

Staff members with documented anti-HBs > 10 mIU/ml
after vaccination are immune to HBV. Booster doses of
the vaccine are not necessary, and periodic monitoring
of anti-HBs titer is not recommended.

Hepatitis B vaccination for HD patients

Hepatitis B vaccination is recommended for all
susceptible chronic HD patients (HBsAg negative,
anti-HBc negative). Patients with a history of
vaccination should have their anti-HBs levels checked
when they begin dialysis. If they have anti-HBs titer <
10mIU/ml, they should be revaccinated with a complete
primary series.

Check anti-HBs titer 1-2 months after the last vaccine
dose. Patients with anti-HBs < 10 mIU/ml should be
revaccinated with three additional doses and retested
for response. Patients with anti-HBs < 10 mIU/ml
after revaccination are considered susceptible to HBV
infection.

Patients with anti-HBs > 10 mIU/ml after vaccination
are considered immune to HBV infection. Retest these
patients annually for anti-HBs. If anti-HBs declines
to less than 10 mIU/ml, administer a booster dose of
hepatitis B vaccine. Retesting after the booster dose is
not necessary.

Prevention of HBV infection

HBsAg positive patients should be treated in a separate
room with dedicated machines, equipment, instruments,
supplies, and medications that will not be used by HBV
susceptible patients.

Staff members who are caring for HBsAg positive
patients should not care for susceptible patients at the
same time, including during the period when dialysis is
terminated on one patient and initiated on another.

Newly opened units should have isolation rooms for
the dialysis of HBsAg positive patients. For existing
units in which a separate room is not possible, HBsAg-
positive patients should undergo dialysis on dedicated



machines in an area separated from HBV susceptible
patients and removed from the mainstream of activity.

* If a machine that has been used on an HBsAg positive
patient is needed for an HBV susceptible patient,
internal pathways of the machine can be disinfected
using conventional protocols and external surfaces
cleaned using soap and water or a detergent germicide.
Dialyzers should not be reused on HBsAg-positive
patients.

* Chronically infected patients should be counseled
regarding preventing transmission to others, their
household and sexual partners should receive hepatitis
B vaccine, and they should be evaluated for the
development of chronic liver disease. Annual testing for
HBsAg is reasonable to detect the small percentage of
HBYV infected patients who might lose their HBsAg.

* HBV susceptible patients include HBsAg negative
patients who have not yet received hepatitis B vaccine,
are in the process of being vaccinated, or have not
adequately responded to vaccination.

» Test HBV susceptible patients monthly for HBsAg.
This is important for rapid detection of new HBV
infection and implementation of isolation procedures
before cross-contamination can occur.

« If a seroconversion occurs, review all patients' routine
laboratory test and investigate potential sources for
infection. This should include the patients' recent
history (e.g. blood transfusion, hospitalization, high-risk
behavior) as well as unit practices and procedures.

 For patients newly infected with HBV, repeat HBsAg
testing and test for anti-HBs after six months. Patients
who become HBsAg negative are no longer infectious
and can be removed from isolation.

+ HBV immune patients include patients who recovered
from HBV infection (anti-HBc positive and anti-HBs
positive) and patients successfully vaccinated against
HBYV who maintain anti-HBs titer > 10 mIU/ml.

» HBV immune patients can undergo dialysis in the same
area as HBsAg positive patients, or they can serve as a
geographic buffer between HBsAg positive and HBV
susceptible patients. Staff members can be assigned to
care for both infected and immune patients on the same
shift.

Prevention of HCV infection

* HCV transmission within the dialysis environment can
be prevented by strict adherence to infection control
precautions recommended for all HD patients.

 Patients who are anti-HCV positive (or HCV RNA
positive) do not have to be isolated from other
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patients or dialyzed separately on dedicated machines.
Anti-HCV positive patients can participate in dialyzer
reuse programs.

* HCV infected persons should be evaluated for the
development of chronic liver disease. They also should
receive information concerning how they can prevent
further harm to their liver and prevent transmitting
HCV to others.

* Routinely screen HCV negative patients for anti-HCV
every 6 months to monitor transmission within centers
and ensure that appropriate precautions are being
properly and consistently used.

* Perform monthly ALT testing for anti-HCV negative
patients to facilitate timely detection of new infections
and help determine when exposure might have
occurred. If unexplained ALT elevations are observed
repeat anti-HCV testing. If ALT elevations persist
despite repeatedly negative anti-HCV, testing for HCV
RNA should be considered.

e When a seroconversion occurs, review all other
patients' routine laboratory test results to identify
additional cases. Investigate potential sources for
infection including review of newly infected patients'
recent medical history, history of high-risk behavior,
and unit practices and procedures.

+ If one or more patients seroconvert during a 6-month
period, more frequent (e.g. every 1-3 months) anti-HCV
testing of HCV-negative patients is advised for 3-6
months to detect additional infections. If ongoing HCV
transmission is identified, implement control measures
based on results of investigation of potential sources
for transmission and monitor their effectiveness (e.g.
perform more frequent anti-HCV testing for 6-12
months before resuming semiannual testing).

Surveillance for infections and other adverse events

* Develop and maintain a separate centralized record-
keeping system to record the results of patients'
vaccination status and serologic testing (including
ALT).

* Maintain records for each patient that include the
location of the dialysis station and machine number
used for each dialysis session and the names of staff
members who connect and disconnect the patient to
and from a machine.

Infection control training and education

* Training and education for all employees at risk for
occupational exposure to blood should be provided
at least annually, given to new employees before they
begin working in the unit, and documented.
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* At a minimum, training should include information
on proper hand hygiene, proper use of protective
equipment, modes of transmission for blood-
borne microorganisms, infection control practices
recommended for HD units, proper handling and
delivery of patient medications, rationale for isolating
HBsAg positive patients, proper methods to clean and
disinfect equipment and environmental surfaces, and
centralized record keeping to monitor and prevent
complications.
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