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Chronic hepatitis C virus (HCV) infection continues to be transmitted to hemodialysis (HD) patients within
HD facilities globally. The goal of the World Health Organization to micro-eliminate HCV infection from the
HD population by the year 2030 is not on target to be achieved. Obstacles to eliminate HCV in HD settings
remain daunting due to a complex system created by a confluence of guidelines, legislation, regulation,
and economics. HCV prevalence remains high and seroconversion continues among the HD patient
population globally as a result of the HD procedure. Preventive strategies that effectively prevent HCV
transmission, treatment-as-prevention, and rapid referral to treatment balanced with kidney transplant
candidacy should be added to the current universal precautions approach. A safer system must be
designed before HCV transmission can be halted and eliminated from the HD population.
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I
n 2016, the World Health Organization (WHO)

established a goal to eliminate chronic hepatitis C
virus (HCV) as a major public health threat by 2030.1

Two years later, the “micro-elimination” of HCV
among high-risk subpopulations, including patients
receiving HD, was proposed to accelerate global HCV
elimination.2 In response to this proposal, we are sug-
gesting some refinements to the existing guidelines for
screening and treating HD patients for HCV, as part of
an overall strategy for micro-elimination of HCV in this
vulnerable population. Hemodialysis facilities will
remain high-risk environments for HCV transmission as
long as infected and susceptible patients are undergo-
ing treatment concurrently.3 This risk can be reduced
by meticulous adherence to infection control practices.
We also advocate the use of HCV-RNA tests for earlier
detection of HCV viremia, along with use of the direct-
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acting antiviral (DAA) agents for treatment of infected
patients.
PROGRESS TOWARD ELIMINATION OF
HEPATITIS B AND C
Respiratory infections, such as influenza and corona-
virus, spread rapidly and broadly. In contrast, blood-
borne infections, such as chronic hepatitis B virus
(HBV) and HCV, spread slowly, and the infections have
been heavily concentrated among people with known
risk factors.

The attempts to eliminate HBV are following a 3-
pronged approach: (i) to immunize all susceptible
people; (ii) to suppress the HBV in those currently
infected; and (iii) to interrupt transmission routes.
Thanks to the existence of an effective vaccine against
HBV, efforts to eliminate HBV are on track. Targeted
prevention has successfully controlled chronic hepati-
tis B virus (HBV) infection transmission among HD
patients, with dramatic declines in overall prevalence
in the United States (US) from 7.8% in 1976 to 3.8% in
1980, and post-vaccine availability to 0.9% in 1999 and
has since remained stable4�6 (Figure 1).
Kidney International Reports (2021) 6, 1788–1798
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Figure 1. Annual hepatitis prevalence in the hemodialysis population. DAA, direct-acting antiviral; HCV, hepatitis C virus; HD, hemodialysis.
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There is not yet an effective vaccine against HCV,
and the first drug therapies to become available against
HCV had limited efficacy and were poorly tolerated.
For that reason, public health efforts focused mainly on
interrupting transmission through improved hygiene
at HD facilities. Thanks largely to these efforts, the
prevalence of HCV infection among HD patients
declined significantly in the years before the intro-
duction of DAAs (Figure 1).

There is still room for improvement. Of the 18
healthcare-associated HCV outbreaks investigated by
the US Centers for Disease Control and Prevention
(CDC) between 2005 and 2013, 39% occurred in HD
facilities,7 and between 2008 and 2019, more than 50%
of all healthcare-associated outbreaks reported to the
CDC occurred in HD facilities.8 The prevalence of HCV
is high among individuals starting HD, and the risk of
seroconversion increases with time on HD.9,10 Most of
these seroconversions result from transmission within
the dialysis clinic, whereas some represent infections
acquired in the community. The spontaneous clearance
of HCV infection among HD patients is low.11
RISK FACTORS FOR HCV TRANSMISSION
General Population

Hepatitis C virus is mainly a blood-borne infection. In
affluent countries, the main risk factors include history
of HD (the longer the duration of dialysis, the higher
the risk), prior blood transfusion, prior organ trans-
plantation, residence in endemic communities, hemo-
philiacs born before 1992, male sex, Black race, HIV
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infection, substance abuse, HBV infection, and
glomerulonephritis-induced end-stage renal disease
(ESRD).9,12,13 Other documented routes of HCV trans-
mission include perinatal,14 injection drug use, and
high-risk sex among men who have sex with men.15,16

The prevalence of HCV is higher in resource-poor
countries and settings, where substandard sterile pro-
cesses in healthcare environments, home births,
trauma, and poor living conditions are associated with
unsanitary water and limited electric supplies, which
hamper sterilization and increase risk of HCV
transmission.17

Healthcare Workers

Anti-HCV prevalence among dialysis staff is similar to
that in blood donors,18,19 and the risk of acquiring HCV
is considered to be no higher than for other healthcare
workers. Consequently, routine HCV testing of HD
staff members is not recommended.20 Notwithstanding,
HD patients and healthcare workers are at risk for
HCV-contaminated blood and bodily fluids exposure.
Recent studies of healthcare workers in the United
States and the European Union found a 0.1% to 0.3%
risk of HCV transmission following sharps-related or
needlestick injuries and higher following hollow-bore
needle-injuries.21�25 The patient source viral load and
host factors that determine the risk for HCV trans-
mission include the viral concentration levels per unit
of blood volume, inoculum volume, anti-HCV medica-
tions or antibodies, ambient conditions, age of the
blood on the needle or injurious device, and tissue
injury depth.26
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Hemodialysis Patients

In addition to general population risk factors, a history
of HBV or HIV infection is an independent risk factor
for HCV infection in HD patients.27 The global anti-
HCV prevalence among patients starting HD
and <120 days HD duration is 5%, 5-fold higher than
in the general population. The risk of seroconversion
increases with time on HD.9,10 A prospective multi-
center study of 2744 long-term HD patients followed
between 1999 and 2003 using HCV-RNA found a
0.33% annual incidence of new infections and re-
infections within HD facilities.28 Similar rates were
found in 2002 among the HD population in the United
States.29 Accordingly, of the 468,091 HD patients in the
United States at the end of 201730 and the 2.24 million
globally in 2012 to 2015, approximately 1545 and 7392
individuals, respectively, acquired a new HCV infec-
tion each year. Many of these patients are undiagnosed
during the acute stage of infection.

Transmission risk relates directly to a HD facility’s
HCV prevalence. An early study demonstrated no
apparent risk factor in 38% of newly diagnosed pa-
tients and no new HCV infections occurring in HD
facilities without anti-HCV�positive individuals.3

Later studies demonstrated, using molecular virology
data from molecular phylogenetic analysis and viral
genome sequencing, a predominance of the same strain
among new infections and reinfections within dialysis
facilities.31�33 These data and the clustering of sero-
conversion in dialysis facilities concurrently dialyzing
HCV-infected and susceptible at adjacent stations3,34�38

suggest medical error with breaches in infection con-
trol within a dialysis facility.28,29,39�41
INFECTION CONTROL PRACTICES
Implementation of universal precaution measures and
those to decrease contamination has decreased HBV and
HCV transmission in dialysis units.20 The most common
breaches identified in HCV outbreak investigations are
substandard cleaning and disinfection of equipment and
environmental surfaces,42 followed by blood contami-
nation of the patient care environment or medical de-
vices,43 handling of blood specimens near medication
preparation and cleaning supply areas, use of a mobile
cart to deliver injection medications or to transport
supplies,44 failure to rigidly enforce universal pre-
cautions and standard infection-control measures, such
as sharing multi-dose vials,45 failure to change gloves
between patients, touching machines without gloves or
glove change, improper vascular access care, or failure to
perform proper hand hygiene between tasks or patients.

A few reports found that the failure to adequately clean
and disinfect priming receptacles between patients, and
1790
failure to clean and disinfect high-touch surfaces on
dialysis machines between patients, increases risk of HCV
transmission.44 Dialyzer membranes and HD ultrafiltrate
have not been shown to be associated with transmission of
HCV. An alteration in pore size or disruption of membrane
integrity, such as may occur with the dialysis process it-
self, dialyzer reprocessing, or filter assembly, could theo-
retically permit passage of the HCV virus. HCV-RNA
polymerase chain reaction detection in dialysate may
reflect viral RNA fragments, rather than the infectious
virus.18

Some individuals could be members of more than 1
at-risk subpopulation at the time of starting dial-
ysis.2,46,47 The cornerstone of HD facility transmission
control is process safety, which includes the following:
(i) the accurate and early identification of the HCV-
infected reservoir using regularly scheduled HCV-
RNA screening; (ii) the implementation and optimiza-
tion of bedside HD safety processes via peer- and HD
facility�driven leadership and public health and
regional oversight; and (iii) capitalizing on technolog-
ical support opportunities (Figure 2).
SCREENING FOR HCV
HCV-RNA

Table 1 shows the challenges in interpreting the results
of HCV tests. The goal of HCV testing for HD patients
should be to detect active infections. HCV-RNA tests
are best for that purpose. Qualitative HCV-RNA testing
done with polymerase chain reaction nucleic acid
amplification detects viremia with 96% to 98% sensi-
tivity and 98% to 99% specificity as early as 1 to 2
weeks post-acute infection. A reactive result is often
followed by a quantitative test, such as reverse-
transcription polymerase chain reaction,
transcription-mediated amplification, or branched DNA
testing, which detects viral load as low as 10- to 15-IU/
ml limits.48 All HCV-RNA assays are calibrated by the
World Health Organization HCV international unit
standard to enable global comparability. An HCV core
protein-detecting immunoassay can be done in areas
where nucleic acid testing is not available, but may
detect HCV less reliably with HBV co-infection or in
persons with HCV genotypes 4, 5, and 6, respectively,
more commonly found in the Middle East and Central
Africa, South Africa, and Asia.49

Hepatitis C viremia levels fluctuate by the viral stage
of replication and host immune response level. For
example, viral load is highest before antibody devel-
opment, then declines, sometimes to undetectable
levels, at the time of seroconversion, followed by a
return to detectable levels.50 Repeated sampling and
testing with HCV-RNA are necessary for high-risk
Kidney International Reports (2021) 6, 1788–1798
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Figure 2. Hemodialysis (HD) facility hepatitis C transmission control algorithm. HCV, hepatitis C virus.
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populations such as HD patients to identify HCV
viremia (Figure 2).

Anti-HCV Antibody

Anti-HCV antibody tests have high positive predictive
value when used for high-risk patients such as HD
patients. However, it may take up to 6 months after
infection for the patient to have a positive antibody test
result. For this reason, the antibody tests have low
negative predictive value for HD patients. Also, a pa-
tient will continue to have positive antibody test re-
sults even after the viral infection is cleared, either
naturally or as a result of treatment.

Testing Protocols

Given that the HCV-RNA tests are a good indicator of
viremia, we suggest heavier use of the RNA tests than
is recommended by the current Kidney Disease:
Improving Global Outcomes (KDIGO) guidelines
(Figure 3). The current KDIGO guidelines recommend
HCV testing by hepatitis C antibody (anti-HCV) sero-
logical screening at HD facility admission, followed by
scheduled incidental infection surveillance with
monthly serum alanine aminotransferase (ALT) levels
and biannual anti-HCV. After prompt review, recom-
mendations include anti-HCV for a newly elevated
ALT, HCV-RNA PCR testing in the event of a newly
reactive anti-HCV, referral for care if HCV-RNA is
detected, and notifying the local public health agency
to initiate a source and cause investigation.11,20 Current
guidelines recommend that patients with past and
Kidney International Reports (2021) 6, 1788–1798
cleared HCV viremia documented by the presence of
HCV-RNA, with or without treatment, have HCV-RNA
levels every 6 months. We suggest, instead, quarterly
HCV-RNA testing in HD facilities dialyzing viremic
patients and biannually in HD units without HCV-
RNA�positive patients.
TREATMENT OF HCV INFECTION
Dialysis Patients

The 3 major classes of DAA, when used in concert,
effectively block various steps in the HCV replication
cycle and include inhibitors of the NS3/NS4A protease,
NS5A complex, and NS5B polymerase.51 Greater than
90% of patients achieve a sustained viral response
(SVR) or “cure,” defined as undetectable HCV-RNA
level at 12 weeks following completion of therapy
with DAA combinations, pangenotypic or designed for
HCV genotype, and tailored to CKD level and liver
disease. Unlike older interferon-based therapies, DAA
treatment is safe and effective in patients with ESRD.
Furthermore, a recent large prospective cohort study
(without reported renal function data) of 9895 patients who
attained cure with DAA showed decreased HCV-associated
all-cause, hepatocellular carcinoma, and hepatic mortality.
After 33.4 months of treatment, there was lower all-cause
mortality when adjusted for multiple variables (hazard
ratio ¼ 0.48, confidence interval ¼ 0.33�0.70) and lower
risk for the development of hepatocellular carcinoma.52

When HCV-associated cryoglobulinemic glomerulone-
phritis is moderate to severe, the addition of directed
1791



Table 1. Challenges interpreting hepatitis C virus (HCV) test results in hemodialysis (HD) patients
Testing modality Result Interpretation

ALT Only 12%�31% of HD patients with HCV-RNA and 4%�67%
with HCV antibody have elevated serum ALT levels.

� Elevations are insensitive
indicators of incidental HCV infection.

� Baseline ALT levels are significantly lower among HD patients
than in the general population.

� ALT levels correlate weakly with liver histology changes in the
general population and even less in the HD population.

� Because ALT levels are poor markers of subclinical liver
inflammation, depressed in HD patients at baseline, and may
be affected by variable serum HCV-RNA levels, the sensitivity
and positive predictive value for acute infection in patients
receiving HD is low.

Anti-HCV positive, HCV-RNA negative This pattern usually reflects a previous infection that has been
cleared, either by natural resolution or by HCV therapy.

� Individuals with this pattern remain at risk for HCV re-infection.
� Detection of new infections or recurrent viremia may be

delayed by biannual screening
guidelines, and even further delayed by insurance provider
denial of necessity for more frequent than annual testing.

Anti-HCV negative, HCV-RNA positive Causes of a nonreactive anti-HCV in the presence of HCV-RNA
include:
(i) an acute infection in the

“window” period that has not had time to mount a detectable
immune response; and

(ii) immunosuppressed states,
including those in patients requiring dialysis, which have
depressed anti-HCV responses.

Findings that anti-HCV is unreactive in a small percentage of
HCV-RNA�positive hemodialysis patients support that HCV-RNA
testing provides more reliable screening in the HD population.

REVIEW A Rajasekaran et al.: Hepatitis C Virus Micro-Elimination Pathway in HD
immunosuppressive therapy to DAA treatment may
avert ESRD among CKD and kidney transplant recipients.
Early data are encouraging that DAA cure will result in
reductions of mortality, mixed cryoglobulinemia, non-
Hodgkin’s B-cell lymphoma, and glomerulonephritis
similar to those observed with older interferon-based
therapies,53,54 particularly if treatment is started early
in the disease process.55�58 Such survival benefit is
likely applicable to the HD population.59,60 Most pa-
tients tolerate DAA extremely well.61 Patients with
advanced liver failure, concomitant HBV infection, or
decompensated cirrhosis should be monitored for rare
risk of liver failure.62,63

Patients Awaiting Kidney Transplants

Transplantation in HCV-infected ESRD patients is the
preferred management, independent of donor HCV
status.64 Studies demonstrate improved survival of HCV-
infected patients with transplantation over dialysis.65,66

A significant challenge to performing outcomes research
in wait-listed HCV-positive dialysis patients is that
neither of the national registry data systems, the Organ
Procurement and Transplantation Network or the US
Renal Data System, includes HCV serostatus for wait-
listed patients despite the need for a more complex pre-
transplantation medical assessment. That notwith-
standing, a 2019 retrospective cohort study of adult long-
term dialysis patients treated by a U.S. national dialysis
provider between 2004 and 2014 found that of the 7.2%
of patients who were HCV positive, the rate of death was
higher, and the rate of entry onto the wait-list was lower,
than for those who were seronegative. Once wait-listed,
1792
the rate to kidney transplantation was similar between
seropositive and seronegative dialysis patients.65 Wait-list
time for transplantation exceeds 5 years in many parts of
the country.

The optimal approach to HCV treatment in kidney
transplant candidates on dialysis is in constant flux. HCV-
positive transplant recipients have lower all-cause and
renal allograft survival than HCV-negative recipients,
irrespective of donor HCV status. When HCV-infected
organs were used exclusively in HCV-infected re-
cipients, wait-list time was reduced.67 A retrospective
study of 6830 HCV-positive recipients between 1995
and 2009 reported at least 1 year wait-time saved, 29%
increased mortality, and 18% higher allograft loss
compared to HCV-negative donor recipients.68 The
patient and graft survival among HCV-positive re-
cipients of HCV-positive donor kidneys is slightly
lower than those of HCV-negative kidneys. Comput-
erized mathematical risk and decision analysis models
evaluated optimal treatment timing in the peri-
transplantation period.69 A recent Monte Carlo micro-
simulation of 100,000 HCV-positive transplant candi-
dates examined the cost-effectiveness of pre- and
posttransplantation treatment by liver histology
(METAVIR fibrosis stages F0�F4) and local wait-list
time over a lifetime horizon and showed that pre-
kidney transplantation treatment yielded higher
quality-adjusted life-years and that optimal treatment
timing depended on fibrosis stage and access to HCV-
positive donor kidneys, generally favoring delaying
treatment when a near-term allograft was available.70
Kidney International Reports (2021) 6, 1788–1798
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Figure 3. Optimized hepatitis C testing algorithm for hepatitis C virus (HCV) micro-elimination in hemodialysis (HD) patients. DAA, direct-acting
antiviral agent.
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Kidney transplantation wait-times are more than 3 to
5 years in many parts of the country, and 40% of HCV-
infected kidneys are discarded.71,72 DAAs are safe and
effective pre- and posttransplantation73 and have made
it possible to use HCV-viremic kidneys in HCV-negative
recipients. The use of HCV-positive renal allografts has
varied among transplant centers. Half of the transplant
centers in 2017 used HCV-infected kidneys, and fewer
than half of HCV-positive recipients received HCV-
infected kidneys.68,74 The THINKER, EXPANDER, and
NECKER trials demonstrated in single centers that HCV-
viremic kidneys could potentially be safely transplanted
into uninfected recipients, and sustained viral response
obtained with early treatment initiation.75�77 The
Multicenter Study to Transplant Hepatitis C�infected
Kidneys (MYTHIC) prospectively evaluated trans-
plantation of 30 HCV-viremic kidneys into HCV-
uninfected recipients at 7 U.S. transplant centers be-
tween May and October 2019, followed by early initia-
tion of 8 weeks of DAA therapy, demonstrated safety
and efficacy at 6 months.78 The growing momentum for
HCV-viremic kidney use in HCV-negative recipients
increased the competition for HCV-infected organs,
diminished the wait-time advantage, and, with the lower
DAA cost, has called into question prior recommenda-
tions to defer treatment and instead to treat pre�kidney
transplantation and again post�kidney transplantation
if an HCV-infected allograft becomes available. The HCV
therapy timing for kidney transplant candidates should
include DAA availability and cost and should be indi-
vidualized by patient preference, available donor op-
tions (living, HCV-infected), local waiting times,
recipient comorbidities, and degree of liver disease.
Limitations of DAA Treatment

The high cost and lack of DAA availability in some
regions of the world limit treatment scale-up strategies
Kidney International Reports (2021) 6, 1788–1798
necessary to achieve control in the HD population.79

Guidelines do not yet recommend treatment-as-
prevention strategies to control HCV transmission in
HD facilities. Nevertheless, antiviral resistance and
reinfection are likely to become more prevalent with
more extensive DAA use for treatment-as-cure and
prevention among high-risk patients unable to take
medications reliably.78
Micro-elimination of HCV in Dialysis Centers

As long as HCV-infected patients are being dialyzed in
the same facility as uninfected patients, the risk of
nosocomial transmission will remain (Figure 4). To
achieve micro-elimination of HCV in HD clinics, we
need to cure more patients than are contracting the
disease in this setting. We need to find and to cure the
HCV infections early, before the virus has a chance to
spread to other patients.

Figure 2 outlines an algorithm for HCV micro-
elimination for the HD population. The foundation
for micro-elimination is universal DAA treatment of all
infected patients, combined with frequent, regularly
scheduled HCV-RNA viremia testing and #1 month
before HD at a new facility. Quarterly testing during
the early micro-elimination phase of HCV control has
the advantage of early diagnosis and longitudinal
tracking. Operational management strategies, likewise,
are crucial for HCV control. Bedside and electronic
health record technology, required in many HD facil-
ities by governmental regulation, assist management
process flow and can be used for optimization of safety
in this complex, continuous data stream�driven
environment. System programs aid bedside care with
programmed reminders, alerts, and internal and
external communication capabilities. Broadening engi-
neered systems’ capability to securely store and
transmit data to healthcare providers, HD facilities, and
1793



Improve care at the bedside
• Adhere to standard InfecƟon control 

procedures and hygienic precauƟons
• Reduce clinical care complexity and 

urgency

Prevent facilitaƟon of HCV transmission
• Use technology to opƟmize process and decrease the 

manual follow-up of tesƟng, reporƟng, and treatment 
referrals

• Clean contaminated dialysis machines, surfaces, equipment, 
staff 

Eliminate diagnosƟc escape
• Use high sensiƟvity and specificity 

biomarkers
• Test regularly
• Test frequently during early micro-

eliminaƟon phase

Avoid HCV treatment delay
• Make DAA universally available 
• Treat HCV-infected HD paƟents 

and transplant candidates 
immediately aŌer diagnosis

How to prevent HCV transmission in HD faciliƟes

Figure 4. Tips for achieving micro-elimination of hepatitis C virus (HCV) at hemodialysis (HD) facilities. CDC, Centers for Disease Control and
Prevention.
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public health surveillance services would facilitate the
process and create a mechanism for HCV-RNA data
tracking, enabling assessment of longitudinal
outcomes.80�82

The size of a HD facility’s HCV-infected reservoir
affects the risk for inadvertent hand-borne trans-
mission. High HD facility prevalence is a strong risk
factor for seroconversion,9 and studies demonstrate
clustering of seroconversions when infected and sus-
ceptible patients are dialyzed proximally.3,34�38

Moderate-to-high HCV-prevalent facilities experience
above-average annual HCV incidence and are expected
to benefit from optimal prevention strategies. Physical
segregation of viremic and susceptible patients with
their equipment and staff until the patient has been
treated and cure obtained optimally prevents HCV
transmission. Sensitive, specific, frequent testing and
patient segregation successfully have controlled HD
facility HBV transmission. Even before universal HBV
vaccine availability, HBV incidence and prevalence
among the HD population declined dramatically
(Figure 1).4�6

Alternatively, a communal HCV micro-elimination
strategy is expected to provide adequate management
for facilities, particularly those with lower HCV prev-
alence, that simultaneously implement treatment-for-
cure strategies. Separation of HCV-infected and sus-
ceptible patients by physical distance and dialysis shift
time in a communal unit that dialyzes HCV-infected
and susceptible patients concurrently is expected to
provide modest protection of nosocomial HCV trans-
mission. This is supported by a recent analysis by the
Dialysis Outcomes and Practice Patterns Study (DOPPS)
that found, albeit not associated with significantly
lower seroconversions, that the use of isolation ma-
chines without isolation of patient or staff showed a
trend toward lower rates of HCV conversion.9 Use of
1794
DAA treatment-for-prevention can be considered on
dialysis days for patients dialyzing concurrently with
viremic patients.

Each HD alternative has advantages and disadvan-
tages. Physical segregation in isolated HD units pro-
vided effective and efficient transient management of
COVID-19�infected patients during the 2020
pandemic. A similar control strategy for higher HCV-
prevalent facilities can be considered. Segregated HD,
transiently provided until a patient obtains cure, is
associated with higher HD and organizational manage-
ment costs. Advantages include prevention of nosocomial
transmission and its associated long-term medical
costs,83,84 avoidance of extensive and widespread
treatment-as-prevention DAA use, lower drug costs, and
decreased risk for development of DAA resistance and
drug side effects. Although the outcome of segregated HD
on HCV micro-elimination efforts is unknown, recent
initiatives and COVID-19 infection management have
highlighted an isolation approach’s feasibility.85,86 One
survey showed the lowest HCV infection incidence
among HD units that used isolated rooms to treat HCV-
infected patients.87 A 2016 Cochrane organization sys-
tematic review reported the absence of quality random-
ized controlled trials, quasi�randomized controlled trials,
and cluster randomized controlled trials, and concluded
that the question had not been adequately studied.86 That
notwithstanding, isolated HD until treatment-for-cure has
been obtained provides the safest approach for trans-
mission prevention and is particularly advantageous for
higher HCV-prevalent HD facilities. Universal treatment
of HCV-infected HD patients with DAA, balanced with
immediate renal allograft availability, and regular HCV-
RNA testing are recommended.88

Patients benefit from treatment, and physicians have
a duty to avoid the harm of nosocomial infection. The
costs of DAA treatment and chronic HCV infection are
Kidney International Reports (2021) 6, 1788–1798
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high. For that reason, cost-effective rationing strategies
are being developed. In the United States, the medical
costs of chronic HCV infection nearly doubled between
1997 and 201783 and are proportionally higher among
the highly-affected HD subpopulation. Patients with
ESRD comprise 1% of the U.S. Medicare population
but require 7% of the budget.89,90 Hepatitis
C�infected HD patients’ extensive hepatic and extra-
hepatic morbidities and 26% higher mortality91 have
additional long-term financial consequences.92�94 Cost-
effectiveness analyses show that early diagnosis and
treatment increases quality-adjusted life-years46,70,95

and reduces cost.83 Accordingly, micro-elimination of
HCV from the HD population, which entails prevention
of transmission and early diagnosis and treatment, is
uniquely positioned for potential long-term cost-
effectiveness.

FUTURE DIRECTIONS
The opportunity is at hand to improve HD patients’
health with a focus on modifiable determinants of HCV
transmission. The current guidelines and system do not
provide a path toward HCV micro-elimination or a HD
environment safe from significant HCV transmission
risk. Hepatitis C virus seroconversion continues within
HD facilities. The World Health Organization goal to
micro-eliminate HCV from the HD population by 2030
is not on target to be met. Inadvertent infection control
breaches are inevitable, and a high HCV prevalence
persists in the HD population. Hepatitis C virus
guidelines can be constructed for early and accurate
detection and proactive prevention for HCV trans-
mission in HD facilities, and for universal treatment of
HCV-infected HD patients with effective medications
available for treatment-as-cure of the virus and
treatment-as-prevention. The current HCV trans-
mission prevention guidelines require reconsideration.
The Institute of Medicine’s “To Err Is Human” report
raised awareness that well-designed systems prevent
errors. We need to take the next steps toward a he-
modialysis process designed to “prevent errors by
making it hard for good people to do the wrong thing
and easy to do the right thing.”96
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