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virions/mL can be present on environmental surfaces in the absence of any visible blood and stili result in transmission (28,29).

HBV is relatively stable in the enviromment and remains viable for at least 7 days on environmental surfaces at room temperature (29).
HBsAg has been detected in dialysis centers on clamps, scissors, dialysis machine control knobs, and doorknobs {30). Thus, blood-
contaminated surfaces that are not routinely cleaned and disinfected represent a reservoir for HBV transmission. Dialysis staff members
can transfer virus to patients from contaminated surfaces by their hands or gloves or through use of contaminated equipment and supplies
(30

Most HBV infection outbreaks among hemodialysis patients were caused by cross-contamination to patients via a) environmental
surfaces, supplies (e.iz., hemostats, clamps), or equipment that were not routinely disinfected after each use; b) multiple dose medication
vials and intravencus solutions that were not used exclusively for one patient; ¢) medications for injection that were prepared in areas
adjacent to arcas where blood samples were handled; and d) staff members who simuttaneously cared for both HBV-infected and
susceptible patients (2/, 3/-35). Once the factors that promote HBV transmission among hemodialysis patients were identified,
recommendations for contro} were published in 1977 {J9). These recommendations included a) serotogic surveillance of patients {and
staff members) for HBV infection, including monthly testing of all susceptible patients for HBsAg; b) isolation of HBsA g-positive
patients in a separate room; ¢) assignment of staff members to HBsAg-positive patients and not to HBV-susceptible patients during the
same shift; d) assignment of dialysis equipment to HBsAg-positive patients that is not shared by HBV -susceptible patients; ¢) assignment
of a supply tray o each patient (regardless of serologic status); f) cleaning and disinfection of nondisposable items (e.g., clamps, scissors)
before use on another patient; g) glove use whenever any patient or hemodialysis equipment is touched and glove changes between each
patient {and station); and h) routine cleaning and disinfection of equipment and environmental surfaces.

The segregation of HBsAg-positive patients and their equipment from HBV-susceptible patients resulted in 70%--80% reductions in
incidence of HBV. infection among hemodialysis patients (7, 36--38). National surveillance data for 1976--1989 indicated that incidence.
of HBY infection was substantially lower in hemodialysis units that isolated HBsAg-positive patients, compared with those that did not
{7,10). 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. Frequent serologic testing for HBsAg detects patients
recently infected with HBV quickly so isolation procedures can be implemented before cross-contamination can occur. Envitonmental
contro] by routine cleaning and disinfection procedures reduces the opportunity for cross-contamination, either directly from
environmental surfaces or indirectly by hands of personnel.

Despite the current low incidence of HBYV infection among hemodialysis patients, outbreaks continue to occur in chronic hemodialysis
centers. Investigations of these outbreaks have documented that HBV transmission resulted from failure to use recommended infection
control practices, including a) failure to routinely screen patients for HBsAg or routinely review results of testing to identify infected
patients; b) assignment of staff members to the simultaneous care of infected and susceptible patients; and ¢} sharing of supplies,
particularly multiple dose medication vials, among patients (2/). In addition, few patients had received hepatitis B vaccine (2/). National
surveillance data have demonstrated that independent risk factors among chronic hemodialysis patients for acquiring HBV infection
include the presence of 21 HBV-infected patient in the hemodialysis center who is not isolated, as well as a <50% hepatitis B vaccination
rate among patients (/35).

HBV infection among chronic hemodialysis patients also has been associated with hemodialysis provided in the acute-care seiting
(24,39}, Transmission appeared to stem from chronicaily infected HBV patients who shared staff members, multipte dose medication
vials, and other supples and equipment with susceptible patients. These episodes were recognized when patients returned to their chronic
hemodialysis units, and routine HBsAg testing was resumed. Transmission from HBV-infected chronic hemodialysis patients to patients
undergoing hemodialysis for acute renal failure has not been documented, possibly because these patients are dialyzed for short durations
and have limited exposure. However, such transmission could go unrecognized because acute renat failure patients are unlikely to be
tested for HBV infection.

Clinical Features and Natural History

HBY causes both acute and chronic hepatitis. The incubation period ranges from 45--160 days {mean: 120 days), and the onset of acute
disease is usually insidious. Infants, young children {aged <10 years), and immunosuppressed adults with newly acquired HBYV infection
are usually asymptomatic (#0). When present, clinical symptoms and signs might include anorexia, malaise, nausea, vomiting, abdominal
pain, and jaundice. Extrahepatic manifestations of disease (e.g., skin rashes, arthralgias, and arthritis) can also occur (4/). The case
fatatity rate after acute hepatitis B is 0.5%--1%.

In adults with normal immune status, most (94%--98%) recover completely from newly acquired HBV infections, efiminating virus from
the blood and producing neutralizing antibody that creates jmmunity from future infection (40,42). In immunosuppressed persons
{including hemodialysis patients), infants, and young children, most newly acquired HBV infections result in chronic infection, Although
the consequences of acute hepatitis B can be severe, most of the serious sequelae associated with the disease occur in persons in whom
chronic infection develops. Although persons with chronic HBV infection are often asymptomatic, chronic liver disease develops in two-
thirds of these persons, and approximately 15%--25% die prematurely from cirthosis or liver cancer {43--45).

Subtypes of HBV exist, and infection or immunization with one subtype confers immunity to all subtypes. However, reinfection or
reactivation of fatent HBV infection has been reported among certain groups of immaunosuppressed patients, including those who have
undergone renal transplant and those infected with human immunodeficiency virus (HIV} (46,47). These patients were positive for
antibody to hepatitis B core antigen (anti-HBc), with or without antibody to HBsAg (anti-HBs), and subsequently developed detectable
leveis of HBsAg. The frequency with which this oceurs is unknown.

Monotherapy with alpha interferon or lamivudine is approved by the U.8. Food and Drug Administration {FIDA) to treat patients with
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Terms and Abbreviations Used in This Publication

Acute hepatitis B
Acute hepatitis C
ALT

Anti-HBe
Anti-HBe
Anti-HBs
Anti-HCV
Arti-HDV

AST

AV

Chronic (persistent) HBV

infection

Chronic (persistent) HCV

infection

Chronic hepatitis B

Chronic hepatitis C

CNS

EiA

EPA
ESRD
FDA
GISA
HBcAg
HBeAg
HBsAg
HBV
HBV DNA
HCV
HCV RNA
HDV

HIV
Isolated anti-HBc
MRSA
NNIS
RIBA™
RT-PCR
SGOT
SGPT
VISA
VRE

Newly acquired symptomatic hepatitis B virus (HBV) infection.

Newly acquired symplommatic hepatitis C virus (HCV) infection,

Alanine aminotransferase, previously called SGPT.

Antibody to hepatitis B core antigen.

Antibody to hepatitis B e antigen.

Antibody to hepatitis B surface antigen.

Antibody to hepatitis C virus,

Antibody to hepatitis D vires.

Asgpartate aminotransferase, previously cailed SGOT.

Arteriovenous.

Persistent infection with HBV; characterized by detection of HBsAg >6 months after newly acquired
infection.

Persistent infection with HCV; characterized by detection of HCV RNA =6 months after newly
acquired infection.

Liver inflammation in patients with chronjc HBV infection; characterized by abnormal fevels of liver
enzymes. :

Liver inflammation in patients with chronic HCV infection; characterized by abnormal levels of liver
enzymes.

Coagulase negative staphylococct.

Enzyme immunoassay.

1.8, Environmentzl Protection Agency.

End-stage renal disease.

U.S. Food and Drug Administration.
Glycopeptide-resistant Staphylococcus aureus.

Hepatitis B core antigen

Hepatitis B ¢ antigen.

Hepatitis B surface antigen.

Hepatitis B virus.

Hepatitis B virus decxyribonucleic acid.

Hepatitis C virus.

Hepatiiis C virus ribonucleic acid.

Hepatitis D virus.

Human immunodeficiency virus.

Anti-HBc positive, HBsAg negative, and anti-HBs negative.
Methicillin-resistant Staphylococcus aureus.

National Nosocomial Infections Surveillance system.
Recombinant immunobiot assay.

Reverse transcriptase polymerase chain reaction.

Sernm glutamic-oxaloacetic transaminase, now called AST.
Serum glutamic-pyruvic transaminase, now called ALT.
Vancomycin-intermediate Staphyloceccus aureus.
Vancomycin-resistant enterococei.
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Summary

i

These recommendations replace previous recommendations for the prevention of bloodborne virus infections in hemodialysis centers and
provide additional recommendations for the prevention of bacterial infections in this setting. The recommendations in this report provide
guidelines for a comprehensive infection control program that includes o) infection control practices specifically designed for the

hemodialysis setting, ineluding routine serologic testing and immunization; b) surveillance; and ¢) training and education.

Implementation of this program in hemodialysis centers will reduce opportunities for patient-to-patient transmission of infectious agents,
directly or indivectly via contaminated devices, equipment and supplies, environmental surfaces, or hands of personnel. Based on
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available knowledge, these recommendations were developed by CDC gfter consultation with staff members from other federal agencies
and specialists in the field who met in Atlanta on October 56, 1999, They are summarized in the Recommendations section. This report
is infended to serve as a resource for health-care professionals, public health officials, and organizations involved in the care of patients
receiving hemodialysis.

INTRODUCTION

The number of patients with end-stage renal disease treated by maintenance hemodialysis in the United States has increased sharply
during the past 30 years. In 1999, more than 3,000 hemodialysis centers had >190,000 chronic hemodialysis patients and >60,000 staff
members (7). Chronic herodialysis patients are at high risk for infection because the process of hemedialysis requires vascular access for
profonged periods. In an environment where multiple patients receive dialysis concurrently, repeated opportunities exist for person-to-
person transmission of infectious agents, directly or indirectly via contaminated devices, equipment and suppiies, environmental surfaces,
or hands of personnel, Furthermore, hemodialysis patients are immunosuppressed (2), which increases their susceptibility to infection,
and they require frequent hospitalizations and surgery, which increases their opportunities for exposure to nosocomial infections.

Fistorically, surveillance for infections associated with chronic hemodialysis focused on viral hepatitis, particularly hepatitis B virus
{(HBV) infection. CDC began conducting national surveillance for hemodialysis-associated hepatitis in 1972 (3,4). Since 1976, this
surveillance has been performed in collaboration with the Health Care Financing Administration (HCFA) during its annual facility
survey. Other hemodialysisassociated diseases and practices not related o hepatitis have been included over the years (e.g, pyrogenic
reactions, dialysis dementia, vascular access infections, reuse practices, vancomyein use), and the system is continually updated to collect
data regarding hemodialysisassociated practices and diseases of current interest and importance (5--18).

Recommendations for the control of hepatitis B in hemodialysis centers were first published in 1977 (19), and by 1980, thelr widespread
implementation was associated with a sharp reduction in incidence of HBV infection among both patients and staff members (3). In 1982,
hepatitis B vaccination was recommended for all susoeptible patients and staff members (20). However, outbreaks of both HBV and
hepatitis C virus (HCV) infections continue to occur among chroaic hemodiatysis patients. Epidemiologic investigations have indicated
substantizl deficiencies in recommended infection control practices, as well as a faifure to vaccinate hemodialysis patients against
hepatitis B (2.,22). These practices apparentiy are not being fuily implemented because staff members a} are not aware of the practices
and their importance, b} are confused regarding the differences between standard (i.e., universal) precautions recommended for all health-
care settings and the additional precautions necessary in the hemedialysis sefting, and c) believe that hepatitis B vaccine is ineffective for
preventing HBV infection in chronic hemodialysis patients (22).

Bacterial infections, especially those involving vascular access, are the most frequent infectious complication of hemodialysis and a
major cause of morbidity and mortality among hemodialysis patients (/). During the 1990s, the prevaience of antimicrobial-resistant
bacteria (e.g., methicillin-resistant Staphylococcus aureus [MRSA] and vancomycin-resistant enterocooei [VRE]) increased rapidly in
health-care settings, incleding hemodialysis units (/8,23). Although numerous outbreaks of bacterial infections in the hemodialysis
sefting have been reported (24), few studies exist regarding the epidemiology and prevention of endemicaily oocurring bacterial
infections in hemodialysis patients, and formal recommendations to prevent such infections have not been published previously, In 1999,
CDC initiated a surveiilance system for bloodstream and vascular access infections in owtpatient hemodialysis centers to determine the
frequency of and risk factors for these complications in order to formulate and evaluate strategies for contro] (25).

The recommendations contained in this report were developed by reviewing available data and sre based on consultations with specialists
in the field. These recommendations provide guidelines for infection control strategies, unique to the hemodialysis setting, that should be
used to prevent patient-io-patient transmission of bloodbome viruses and pathogenic bacteria. They are summarized on pages 20--21.

These recommendations do not address sources of bacterial and chemical contaminants in dialysis systems, water treatment or
distribution, specific procedures for reprocessing dialyzers, clinical practice methods to prevent bacterial infections {e.g., techniques for
skin preparation and access), or comprehensive sirategies for preventing infections among health-care workers (see Suggested Readings
for information on these topics).

BACKGROUND
Hepatitis B Virus Infection
Epidemiology

Incidence and Prevalence. In 1974, the incidence of newly acquired (i.e., acute) HBV infection among chronic hemodialysis patients in
the United States was 6.2%, and selected hemodialysis centers reported rates as high as 30% (4). By 1980, nationwide incidence among
patients had decreased to 1% (5), and by 1999, to (.06% (/8) (CDC, unpublished data, 2001}, with only 3.5% of all centers reporting
newly acquired infections. Prevalence of chronic HBV infection (i.e., hepatitis B surface antigen [HBsAg] positivity) among
kemodialysis patients declined from 7.8% in 1976 to 3.8% in 1980 and to 0.9% by 1999 (5,18) (CDC, unpublished data, 2001). In 1999, a
total of 27.7% of 3,483 centers provided dialysis to 21 patient with either acute or chronic HBV infection (CDC, unpublished data, 2001).

Transmission. HBV is transmitted by percutaneous (i.e., puncture through the skin) or permucosal (i.e., direct contact with mucous
membranes) exposure to infectious blood or to body fluids fhat contain blood, and the chronically infected persor is central to the
epidemiology of HBV transmission. All 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 (1 of-? virions/mL) (26,27). With virus titers in blood this high, body fluids
containing serum or biood also can contain high levels of HBV and are potentially infections. Furthermore, HBV at titers of 1623
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virions/mL can be present on environmental surfaces in the absence of any visible blood and still result in transmission {28,29).

HRBYV is relatively stable in the environment and remains viable for at least 7 days on environmental surfaces at room temperature (29).
HBsAg has been detected in dialysis centers on clamps, seissors, dialysis machine contro] knobs, and doorknobs (30). Thus, blood-
contaminated surfaces that are not routinely cleaned and disinfected represent a reservoir for HBV transmission. Dialysis staff members
can transfer virus to patients from contaminated surfaces by their hands or gloves or through use of contaminated equipment and supplies
(300

Most HBV infection outbreaks among hemodialysis patients were caused by cross-contamination io patients via a) environmental
surfaces, supplies (e.g., hemostats, clamps), or equipment that were not routinely disinfected after each use; b) multiple dose medication
vials and intravenous solutions that were not used exclusively for one patient; ¢} medications for injection that were prepared in areas
adjacent to areas where blood samples were handled; and d) staff members who simultaneously cared for both HBV-infected and
susoeptible patients (2/,3/--35). Once the factors that promote HBV transmission among hemodialysis patients were identified,
recommendations for control were published in 1977 {19). These recommendations included a) serologic survejilance of patients (and
staff members) for HBV infection, including monthly testing of all susceptibie patients for HBsAg; b) isolation of HBsAg-positive:
patients in a separate room; ¢) assignment of staff members to HBsAg-positive patients and not to HBV-susceptible patients during the
same shift; d) assignment of dialysis equipment to H3sAg-positive patients that is not shared by HBV-susceptible patients; €} assignment
of a supply tray to each patient (regardless of serologic status); f) cleaning and disinfection of nondisposable items {e.g., clamps, scissors)
before use on another patient; g) glove use whenever any patient or hemodialysis equipment is touched and glove changes between each
patient (and station); and h) routine cleaning and disinfection of equipment and environmental surfaces.

& epregation of HBsAg positive patients and their equipment from HBY-stsceptible patients resulted in 70%<-80% reductionsin-
incidence of HBY infection amonig hemodialysis patients (7,36--38). Nati »nal sufveiliarice data, for 1976--1989 indicated that incidence,
of HBV. infection was substantially lower in hemodialysis units that isolated HBsAg-positive patients, compared with those that did not:

7107 The success of isolation practices in preventing transmission of HBV infection is linked to other infection coritrol p ‘
neluding Touting serological surveillance and routine cleaning and disinfection. Frequent serologic testing for HBsAg detects patients.
recently infected with HBV. quickly so'isolation procedures can be implemented before oross-containination can oceur, Environmental.
control by routine cleaning and disinfection procediires reduces the opportunity.for cross-contamination, ‘either directly from
environimental surfaces or indircetly by hands of personnel.

Despite the current low incidence of HBV infection among hemedialysis patients, outbreaks continue to cecur in chronic hemodialysis
centers. Investigations of these outbreaks have documented that HBV transmission resulted from failure to use recomtmended infection
control practices, including a) failure to routinely sereen patients for HBsAg or routinely review results of festing to identify infected
patients; b) assignment of staff members to the simultaneous care of infected and susceptible patients; and c) sharing of supplies,
particutarly multipte dose medication vials, among patients (27}, In addition, few patients had received hepatitis B vaccine (21). National
surveillance data have demonstrated that independent risk factors among chronic hemodialysis patients for acquiring HBV infection
include the presence of >1 HBV-infected patient in the hemodialysis center who is not isolated, as well as a <50% hepatitis B vaccination
rate among patients (/3).

HBV infection among chronic hemodialysis patients also has heen associated with hemodialysis provided i: the acute-care setting
{27,39). Transmission appeared to stem from chronically infected HBV patients who shared staff members, multiple dose medication
vials, and other supplies and equipment with susceptible patients. These episcdes were recognized when patients refurned to their chronic
hemedialysis units, and routine HBsAg testing was resumed. Transmission from HBV-infected chronic hemodialysis patients to patients
undergoing hemodialysis for acute renal failure has not been documented, possibly because these patients are dialyzed for short durations
and have limited exposure. However, such transmission could go unrecognized because acute renal failure patients are unlikely to be
tested for HBV infection.

Clinical Features and Natural History

HBV causes botk acute and chronic hepatitis. The incubation period ranges from 45--160 days (mean: 120 days), and the onset of acute
disease is usually insidious. Infants, young children {aged <10 years), and immunosuppressed adults with newly acquired HBV infection
are usually asymptomatic (40). When present, clinical symptoms and signs might include anorexia, malaise, nausea, vomiting, abdominal
pain, and jaundice. Extrahepatic manifestations of disease (e.g., skin rashes, arthralgias, and arthritis) can also occur (/). The case
fatality rate afier acute hepatitis B is 0.5%--1%.

In aduits with normal immune status, most (94%--98%) recover completely from newly acquired HBYV infections, eliminating virus from
the blood and producing neatralizing aniibedy that creates immunity from future infection (40,42). In immuncsuppressed persons
(including hemodiatysis patients), infants, and young children, most newly acquired HBV infections result in chronic infection. Although
the consequences of acuie hepatitis B can be severe, most of the serious sequelae associated with the disease occur in persons in whom
chronic infection develops. Although persons with chronic HBV infection are often asymptomatic, chronic fiver disease develops in two-
thirds of these persons, and approximately 15%--25% die prematurely from cirrhosis or liver cancer (43--45).

Subtypes of HBV exist, and infection or immunization with one subtype confers immunity to all subtypes. However, reinfection or
reactivation of latent HBYV infection has been reported among certair: groups of immunosuppressed patients, including those who have
undergone renal transplant and those infected with human immunodeficiency virus (HEV) (46,47). These patients were positive for
antibody 0 hepatitis B core antigen (anti-HBc), with or without antibody to HBsAg (anti-HBs), and subsequently developed detectable
levels of HBsAg. The frequency with which this ocours is unknown.

Monotherapy with alpha interferon or lamivudine is approved by the U.S. Food and Drug Administration (FDA) to treat patients with
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chronic hepatitis B (48 49). Although the dosage of famivudine should be medified based on creatinine clearance in paiients with renal
impairment, ne additional dose modification is necessary after routine hemodialysis. The emergence of lamivudine-resistant variants has
caused concern regarding long-term use of this drug.

Screening and Diagnostic Tests

Serologic Assays. Several well-defined antigen-antibody systems are associated with HBV infection, including HBsAg and anti-HBs;
hepatitis B core antigen (HBcAg) and anti-HBe; and HBeAg and antibody to HBeAg (anti-HBe), Serologic assays are commercially
available for ali of these except HBcAg because no free HBeAg circulates in blood. One or more of these serologic markers are present
during different phases of HBYV infection (Table 1) (42).

The presence of HBsAg is indicative of ongoing HBV infection and potential infectiousness. In newly infected persons, HBsAg is present
int serum 30--60 days after exposure to HBV and persists for variable perjods. Transient HBsAg positivity (lasting <18 days) can be
detected in some patients during vaccination (50,57}, Anti-HBc develops in all HBV infections, appearing at onset of syteptoms or liver
test abnormalities in acute HBV infection, rising rapidly to high levels, and persisting for life. Acute or recently acquired infection can be
distinguished by presence of the immunogiobulin M (IgM) class of anti-HBc¢, which persists for approximately 6 months.

In persons who recover from HBV infection, HBsAg is eliminated from the blood, usuaily in 2--3 months, and anti-HBs develops during
convalescence. Fhe presence of anti-HBs indicates immunity from HBYV infection. After recovery from natural infection, most persons
will be positive for both anti-HEs and anti-HBe, whereas only anti-HBs develops in persons who are successfully vaccinated against
hepatitis B. Persons who do not recover from HBV infection and become chronically infected remain positive for HBsAg (and anti-HBc},
although a small proportion {8.3% per year) eventually clear HBsAg and might develop anti-HBs (45},

In some persons, the only HBV serologic marker detected is anti-HBc (i.¢., isolated anti-FIBc). Among most asymptomatic persons in the
United States tested for HBV infection, an average of 2% (range: <0.1%--6%) test positive for isolated anti-HBc (52); among injecting-
drug users, however, the rate is 24% (53). In general, the frequency of isolated anti-HBc is directly related to the frequency of previous
HBY infection in the population and can have several explanations, This pattern can aceur after HBV infection among persons who have
recovered but whose anti-HBs levels have waned or among persons who failed to develop anti-HBs. Persons in the latter category include
those who circulate FiBsAg at levels not detectable by current commercial assays. However, HBV DNA has been detected in <10% of
persons with isolated anti-HBc, and these persons are unkikely to be infectious to others except under unusual circumstances involving
direct percutaneous exposure to large quantities of biood (e.g., transfusion) (54). In most persons with isolated anti-HBe, the result
appears to be a false positive. Data from several studies have demonstrated that a primary antj-HBs response develops in most of these
persons after a three-dose series of hepatitis B vaccine (55,56). No data exist on response to vaccination among hemodialysis patients
with this serologic pattern.

A, third antigen, HBeAg, can be detected in serum of persons with acute or chronic HBV infection. The presence of HBeAg comrelates
with viral replication and high levels of virus (i.e., high infectivity). Anti-HBe correlates with the loss of replicating virus and with lower
Tevels of virus. Flowever, all HBsAg-positive persons should be considered potentially infectious, regardless of their HBeAg or anti-HBe
status.

Nucleic Acid Detection. FIBY infection can be detected using qualitative or quantitative tests for HBV DNA. These tests are not FDA-
approved and are most commonly used for patients being managed with antjviral therapy (49,57).

Hepatitis B Vaccine

Hepatitis B vaccine has been recommended for both hemodiatysis patients and staff members since the vaceine became available in 1982
(20). By 1999, a total of 55% of patients and 8§8% of staff members had been vaccinated (J8) (CDC, unpublished data, 2001). Two types
of vaccine have been Heensed and used in the United States: plasma-derived and recombinant. Plasma-derived vaccine is no longer
available in the United States, but is produced in several countries and used in many immunization programs workdwide, Recombinant

vaccines available in the United States are Recombivax HB™ (Merck & Company, Inc., West Point, Pennsylvania) and Engerix~8®
(SmithK line Beecham Biologicals, Philadelphia, Pennsylvania). Recombivax HB™ contains 10--40 pg of HBsAg protein per mL,

whereas Engerix-B® contains 20 ng/mlL.

Primary vaccination comprises three intramuscular doses of vaceine, with the second and third doses given 1 and 6 months, respectively,
after the first. An alternative schedule of four doses given at 0, 1, 2, and 12 months to persons with normal imrmune status or at 0, 1, 2,

and 6 months to hemodialysis patients has been approved for Engerix—B®.

Immunogenicity. The recommended primary series of hepatitis B vaccine induces a protective anti-HBs response (defined zs 210 milli~
International Units [mIU]/mLY in 90%--95% of adults with normal immune status. The major determinant of vaccine response is age,
with the proportion of persons developing a protective antibody response declining to 84% among adults aged >40 years and to 75% by
age 60 years (58,59). Other host factors that contribute to decreased immunogenicity include smoking, obesity, and immune suppression,
Compared with adults with normal immune status, the proportion of hemodialysis patients who develop a protective antibody response
after vaccination (with higher dosages) is lower. For those who receive the three-dose schedule, the median is 64% (range: 34%--88%)
(60--63), ané for those who receive the four-dose schedule, the median is 86% (range: 40%--98%) (66--72). Limited data indicate that
concurrent infection with HCV does not interfere with development of protective levels of antibody after vaceination, although lower
titers of anti-FBs have been reported after vaccination of HCV-positive patients compared with HICV-negative patients (63, 73--75).

Some studies have demonstrated that higher antibody response rates could be achieved by vaccinating patients with chronic renal failure
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before they become dialysis dependent, particularly patients with mild or moderate renal failure. After vaccination with four 20 pg doses
of recombinant vaccine, z protective antibody response developed in 86% of predialysis adult patients with serum creatinine levels <4.0
mg/dl (mean: 2.0 mg/dl) compared with 37% of those with serum creatinine levels >4.0 mg/d (mean: 9.5 mg/dl}, only 12% of whom
were prediatysis patients (76). In an earlier study, a lower response to recombinant vaceine among predialysis patients was reported,
possibly because patients with more severe renal failure were included (77, 78).

Although no data exist on the response of pediatric hemodialysis patients to vaccination with standard pediatric doses, 75%--97% of
those who received higher dosages (20 ug) on either the three- or four-dose schedule developed protective levels of anti-HBs (79--81). In
the one study that evaluated vaccine response among children with chronic renal failure before they became dialysis dependent, high
response rates were achieved after four-20 ug doses in both predialysis and dialysis-dependent patients, although predialysis patients had
higher peak anfibody titers (82).

Vaccine Efficacy. For persons with norma] immune status, controlied clinica] frialks have demonstrated that protection from acute and
chronic HBV infection is virtually complete among those who develop a protective antibody response after vaccination (83,84), Among
hemodialysis patients, controlled clinical trials conducted in other countries demanstrated efficacy of 53%--78% after preexposure
immunization (85,86). However, no efficacy was demonstrated in the one trial performed in the United States (62). When the latter trial
was designed, the sample size was calculated based on an annual incidence rate among susceptibie patients of 13.8% (ie,, the rate
observed during 1976--1979, the period before the start of the trial). However, by the time the trial was conducted, the incidence rate had
declined by >60%, and the sample size was inadequate for detecting a difference in infection rates between vaccinated and placebo
groups. Although efficacy was not demonstrated in this study, no infections occurred among persons who developed and maintained
protective levels of anti-HBs.

Furthermore, since the hepatitis B vaccine became available, no HBV infections have been reported among vaccinated hemodialysis
patients who maintained protective levels of anti-HBs. This observation has been particularly striking during HBV infection outbreaks in
this sefting (2/). In addition, a case-control study indicated that the risk for HBV infection was 70% lower among hemodialysis patients
who had been vaccinated (87). Thus, most hemodialysis patients can be protected from hepatitis B by vaccination, and maintaining
immunity among these patients reduces the frequency and costs of serologic screening (88).

Revaecination of Nonresponders. Among persons who do not respond to the primary three-dose series of hepatitis B vaceine, 25%--50%
of those with normal fmmune status respond to one additional vaccine dose, and 50%--75% respond to three additional doses (39,84). A
revaccination regimen that includes serologic testing after one or two additional doses of vaccine appears to be no more cost-effective
than serologic testing performed after all three additional doses (89). For persons found to be nonresponders after six doses of vaccine, no
data exist to indicate that additional doses would induce an antibody response. Few studies have been conducted of the effect of
revaccination among hemodialysis patients who do rot respond fo the primary vacoine series. Response rates to revaccination varied from
40%--50% after two or three additional 40 pg intramuscular doses to 64% after four additional 10 pg intramuscular doses (69, 70,90--94}.

Antibody Persistence. Among adults with normal immune status who responded to a primary vaccine series with a protective antibody
level, antibody remained above protective levels in 40%--87% of persons after 9--15 years (95—98). Only short-term data are available
for hemodialysis patients. Among adults who responded to the primary vaccination series, antibody remained detectable for 6 months in
80%--100% (median: 100%) of persons and for 12 months in 58%--100% (median: 70%) (67,64--69,71,85,99--103). Among successfully
immunized hemodialysis patients whose antibody titers subsequently declined below protective levels, limited data indicate that virtually
afl respond to a booster dose (75).

Duration of Veccine-Induced Immunity. Among persons with normal immune status who respond to the primary series of hepatitis B
vaccine, protection against hepatitis B persists even when antibody titers become undetectable (97). However, among hemodialysis
patients who respond to the vaceine, protection against hepatitis B is not maintained when antibody titers fali below protective levels. In
the U.8. vaccine efficacy trial, three hemodialysis patients who responded to the primary vaccination series developed HBV infection
(62). One had received a kidney transplant 6 months before onset of infection, and anti-HBs had declined to borderline protective lovels
in the other two persons. In all three patients, infection resolved.

Alternative Routes of Administration. Among adults with normal immune status, intradermal administration of low doses of hepatitis B
vaceine results in lower seroconversion rates (55%--81%) (/04—106), and no data exist on long-term protection from this route of
administration. Among infants and children, intradermal vaccination resuits in poor immunogenicity. Data are insufficient to evaluate
alternative routes (e.g., intradermal) for vaccination among hemodialysis patients.

Hepatitis C Virus Infection
Epidemiology

Incidence and Prevalence, Data are limited on incidence of HCV infection among chronic hemodialysis patients. During 1982--1997,
the incidence of non-A, non-B hepatitis among patients reported to CDC's national surveillance system decreased from 1.7% to 0.2%
(18). The validity of these rates is uncertain because of inherent difficulties in diagnosing non-A, non-B hepatitis and probable variability
in the application: of diagnestic criteria by different dialysis centers. However, the downward trend can partially be explained by a decline
in the rate of transfusion-associated disease after 1985 (/07,108).

Since 1990, limited data from U.S. studies using testing for antibody to HCV {anti-HCV) to evaluate the incidence of HCV infection

have reported annual rates of 0.73%--3% among hemodialysis patients (09,1 70). None of the patients who seroconverted had received
transfusions in the interim or were injecting-drug users.
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During 1992--1999, national surveillance data indicated that the proportion of centers that tested patients for anti-FHCV increased from
22% to 56% (18) (CDC, unpublished data, 2001). In 1999, nationwide prevatence of anti-HCV was 8.9%, with some centers reporting
prevalences >40% (CDC, unpublished data, 2001). Other studies of hemodialysis patients in the United States have reported anti-HCV
prevalences of 10%--36% among adults (109,111,112} and 18.5% among ckildren (1/3).

Transmission. HCV is most efficiently transmitted by direct percutaneous exposure to infectious blood, and like HBV, the chronically
infected person is ceniral to the epidemiology of HCV transmission. Risk factors associated with HCV infection among hemodialysis
patients include history of blood transfusions, the volume of blood transfused, and years on dialysis (//4). The number of years on
dialysis is the major risk factor independently associated with higher rates of HCV infection. As the time patients spent on dialysis
increased, their prevatence of HCV infection increased from an average of 12% for patients receiving dialysis <5 years to an average of
37% for patients receiving dialysis =5 years (/09 112,115).

These studies, as well as investigations of dialysis-associated outbreaks of hepatitis C, indicate that HCV transmission most likely occurs
because of inadequate infection control practices. During 1999--2000, CDC investigated three outbreaks of HCV infection among
patients in chronic hemodialysis centers (CDC, wnpublished data, 1999 and 2000). In two of the outbreaks, multiple trarsmissions of
HCV occurred during periods of 16—24 months (attack rates: 6.6%--17.5%), and seroconversions were associated with receiving dialysis
immediately after a chronically infected patient. Multiple opportunities for cross-contamination among patients were observed, including
a) equipment and supplies that were not disinfected between patient use; b) use of common medication carts to prepare and distribute
medications at patients' stations; ¢} sharing of multiple dose medication vials, which were placed af patients’ stations on top of
hemodialysis machines; d) contaminated priming buckets that were not routinely changed or cleaned and disinfected between patients; )
machine surfaces that were not routinely cleaned and djsinfected between patients; and f) blood spills that were not cleaned up prompily.
In the third outbreak, multiple new infections clustered at one point in time (attack rate: 27%), suggesting a common exposure event.
Although the specific results of this investigation are pending, muitiple opportunities for cross-contamination from chronically infected
patients also were observed in this unit. In particular, supply carts were moved from one station to another and tontained both clean
supplies and bleod-contaminated items, including smali biohazard containers, sharps disposal boxes, and used vacutainers containing
patients' blood.

Clinical Features and Natural History

HCV causes both acute and chronic hepatitis, The incubation period ranges from 14--180 days (average: 6--7 weeks) ({16). Persons with
newly acquired (acute) HCV infection typically are either asymptomatic or have a mild clinical illness. The course of acute hepatitis C is
variable, although elevations in serum zlanine aminotransferase (ALT) levels, often in & fluctuating pattern, are the most characteristic
feature. Fulminant hepatic failure after acute hepatitis C is rare.

Most (average: 94%) hemodialysis patients with newly acquired HCV infection have elevated serum ALT levels (777--121). Elevations
in serum ALT levels often precede anti-HCV seraconversion. Among prospectively followed transfusion recipients who developed acute
HCV infection, efevated ALT levels preceded anti-HCV seroconversion {as measured by second generation assays) in 58%, and anti-
HCV was detectable in most patients (78%) within 5 weeks after their first ALT elevation {/22). However, elevations in ALT or aspartate
aminotransferase (AST) levels can occur that are not related to viral hepatitis, and compared with ALT, AST is a less specific indicator of
HCV.related Hver disease among hemodialysis patients. In a recent outbreak investigation, only 28% of 25 hemodialysis patients with
newly observed elevations in AST levels tested anti-HCV positive (CDC, unpublished data, 1999).

After acute HCV infection, 15%--25% of persons with normal immune status appear to resolve their infection without sequelae as
defined by sustained absence of HCV RNA in serun and normalization of ALT {/23). In some persons, ALT levels normalize,
suggesting full recovery, but this is frequently followed by ALT elevations that indicate progression to chronic discase. 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 (/23). Although similar rates of chronic liver disease have been observed
among HCV-infected chronic hemodialysis patients (based on liver biopsy results), these patients might be less likely to have
biochemical evidence of active liver discase {724). In seroprevalence studies of chronic hemodialysis patients, ALT elevations were
reported in & median of 33.9% (range: 6%--73%) of patients who tested positive for anti-HCV (117, 124--136).

No clinical or epidemiologic features among patients with acute infection have been reported to be predictive of either persistent infection
or chronic liver disease. Most studies have reported that cirrhosis develops in 10%--20% of persons who have had chronic hepatitis C for
2030 years, and hepatocellular carcinoma in 1%--5% (/23). Extrahepatic manifestations of chronic HCV infection are considered to be
of immunologic origin and include cryoglobulinemia, membranoproliferative glomerulonephritis, and porphiyria cutanea tarda (/37).

At least six different genotypes and >90 subtypes of HCV exist, with genotype 1 being the most common in the United States (/38 /39).
Unlike HBV, infection with one HCV genotype or subtype does not protect against reinfection or superinfection with other HCV strains
(739).

Alpha interferon afone or in combination with ribavirin is FDA-approved for the treatment of chronic hepatitis C (48,140, 141).

Combination therapy should be used with caution in patients with creatinine clearance <50 mL/minute and generally is contraindicated in
patients with renal failure (/47, [42). Interferon monotherapy results in low sustained virologic response rates (/4/,142).

Screening and Diagnostic Tests

Serologic Assays. The only FDA-approved tests for diagnesis of HCV infection are those that measure anti-HCV and include enzyme
immunoassays (EIAs) and a supplementai recombinant immunoblot assay (RIBAT™} (] /4). These tests defect anti-HCV in 257% of
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infected persons, but do not distinguish between acute, chronic, or resolved infection. The average time from exposure to seroconversion
is 8--9 weeks {/22). Anti-HCV can be detected in 80% of patients within 15 weeks after exposure, in 290% within 5 months, and in
>97% within 6 months (122, 143). In rare instances, seroconversion can be delayed until 9 months after exposure (143, /44). Anti-HCV
persists indefinitely in most persons, but does not protect against reinfection.

As with any screening test, the positive predictive value of EIAs for anti-HCV is directly related to the prevalence of infection in the
population and is low in populations with an HCV-infection prevalence <10% (/43, /46). Supplemental testing with a more specific assay
(i.e., RIBAT™) of a specimen with a positive anti-HCV result by EIA prevents reporting of false-positive resuits, particularly in settings
where asymptomatic persons are being tested. Results of seroprevalence studies among chronic hemodialysis patients have indicated that
57%-100% of EIA positive results were RIBA™ positive (124, 126,128,133,135,]147--132), and 53%--100% were HCV RNA positive
by reverse franscriptase polymerase chain reaction (RT-PCR) testing {117,127, 129,134, 135).

Nuclele Acid Detection. The diagnosis of HCV infection also can be made by qualitatively detecting HCV RNA using gene amplification
techniques {g.g., RT-PCR) (£16). HCV RNA can be detected in serum or plastna within 1--2 weeks after exposure and weeks before
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. Although a median of 3.4% (range: 0%--28%) of chronic hemodialysis patients who tested anti-HCV negative were HCV RNA
positive, this might be an overestimate because follow-up samples to detect possible antibody seroconversions were not obtained on these
patients ({717, 118,126--128,130,131,133,134, 148--154).

Although not FDA-approved, RT-PCR assays for HCV infection are used commonly in clinical practice and are commerciatly available.
Most RT-PCR assays have a lower limit of detection of 100--1,000 viral genome copies per mL. With adequate optimization of RT-PCR
assays, 75%--85% of persons who are positive for anti-HCV and >95% of persons with acute or chronic hepatitis C will test positive for
HICV RNA. Some HCV-infected persons might be only intermittently HCV RNA positive, particularly those with acute hepalitis C or
with end-stage liver disease caused by hepatitis C. To minimize false-negative results, blood samples coilected for RT-PCR should not
contain heparin, and serum must be separated from cellular components within 2--4 hours after collection and preferably stored frozen at
-20 C or =70 C(155). ¥ shipping is required, frozen samples should be protected from thawing. Because of assay variability, rigorous
quality assurance and control should be in place in clinical laboratories performing this assay, and proficiency testing is recommended.

Quantitative assays for measuring the concentration (i.e., titer) of HCV RNA have been developed and are available from commercial
laboratories (156). These assays also are not FDA-approved and are less sensitive than qualitative RT-PCR assays (757). Quantitative
assays should not be used as 2 primary test to confirm or exclude the diagnosis of HCV mfection or to monitor the endpoint of treatment,
and sequentia] measurement of HCV RNA levels has not proven useful in managing patients with hepatitis C.

Other Bloodberne Viruses
Hepatitis Delta Virus Infection

Delta hepatitis is caused by the hepatitis delta virus (HDV), a defestive virus that causes infection only in persons with active HBV
infection. The prevalence of HDV infection is low in the United States, with rates of <1% among HBsAg-positive persons in the general
population and >10% among HBsAg-positive persons with repeated percutaneous exposures (.., injecting-drug users, persons with
hemophilia) (158). Areas of the world with kigh endemic rates of EDV infection include southern Italy, parts of Africa, and the Amazon
Basin.

Few data exist on the prevaience of HDV infection among chronic hemodialysis patients, and only one transmission of HDV between
such patients has been reported in the United States (759). In this episode, transmission occurred from a patient who was chronically
infected with HBV and HDV tc an HBsAg-positive patient after a massive bleeding incident; both patients received dialysis at the same
station,

HDV infection ocours either as a co-infection with HBV or as a superinfection in a person with chronic HBV infection. Co-infection
usually resolves, but superinfection frequently results in chronic HDV infection and severe disease. High mortality rates are associated
with both types of infection. A. serologic test that measures total antibody to HDV (anti-HDV) is commercially available,

Human Immunodeficiency Virus Infection

During 1985—-1999, the percentage of U.S. hemodialysis centers that reported providing chronic hemodiatysis for patients with HIV
infection increased from 11% to 39%, and the proportion of hemodialysis patients with known HIV infection increased from 0.3% to
1.4% (18) (CDC, unpublished data, 2001).

HIV is transmitted by blood and other body fluids that contain blood. No patient-to-patient transmission of HIV has been reported in U.S.
hemodialysis centers. However, such transmission has been reported in other countries; in one case, HIV transmission was attributed to
mixing of reused access needies and inadequate disinfection of equipment (J60).

HIV infection is usually diagnosed with assays that measure antibody to HIV, and a repeatedly positive EIA test should be confirmed by

Waestern blot or another confirmatory test. Antiretroviral therapies for HIV-infected hemodiatysis patients are commonly used and appear
to be improving survival Tates among this population, However, hepatotoxicity associated with certain protease inhibitors might limit the
use of these drugs, especially in patients with underlying Hver dysfunction (167},

Bacterial Infections
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Epidemiology

Disease Burden. The annual mortality rate among hemodialysis patients is 23%, and infections are the second most common cause,
aceounting for 15% of deaths (£). Septivemia (10.9% of all deaths) is the most common infectious cause of mortality, In varjous studies
evaluating rates of bacterial infections in hemodialysis outpatients, bacteremia occurred in 0.63%--1.7% of patients per month and
vascular access infestions (with or without bacteremia) in 1.3%--7.2% of patients per month (62--17()). National surveillance data
indicated that 4%.-5% of patients received intravenous vancomycit: during a I-month period {and additional patients received other
antimjcrobials) (/8), Although data on vancomyein use can be used to derive an estimate of the prevalence of suspected infections, the
proportion of patients receiving antimicrobials who would fit a formal case definition for bacterial infection is unknown,

Infection Sites, In a study of 27 French hemodialysis centers, 28% of 230 infiections in hemodialysis patients involved the vascular
access, whereas 25% involved the lung, 23% the urinary tract, 9% the skin and soft tissues, and 15% other or unknown sites (J65).
Thirty-three percent of infections involved either the vascular access site or were bacteremias of unknown origin, many of which might
have been caused by ocoult aceess infections. Thus, the vascular access siie was the most common site for infection, but accounted for
only one-third of infections. However, access site infections are particularly important because they can cause disseminated bacteremia or
loss of the vascular access.

Vascular Access Infections. Vascular access infections are caused (in descending order of frequency) by 5. aureus, coagulase-negative
staphylococei {CNS), gram-negative bacilli, nonstaphylococeal gram-positive cocei (including enterococci), and fungi (171}, The
proportion of infections caused by CNS is higher among patients dialyzed through catheters than among patients dialyzed throngh fistulas
or grafts.

The primary risk factor for sccess infection is access type, with catheters having the highest risk for infection, grafts intermediate, and
native arteriovenous (AV) fistulas the fowest (/68). Other potential risk factors for vascular access infections include a) location of the
access in the lower extremity; b) recent access surgery; ¢ frauma, hematoma, dermatitis, or scratching over the access site; d) poor
patient hygiene; e} poor needle insertion technique; f) older age; g) diabetes; h) immunosuppression; and i iron overload (164,167,172

175).

Transmission. Bacterial pathogens causing infection can be either exogenous (i.e, acquired from contaminated dialysis fluids or
equipment) or endogenous {i.e., caused by invasion of bacteria present in or on the patient). Exogenous pathogens have caused numerous
oufbreaks, most of which resulted from inadequate dialyzer reprocessing procedures (e.g., contaminated water or inadequate disinfectant)
ot inadequate treatment of municipal water for use in dialysis. During 1995--1997, four outbreaks were traced to contamination of the
waste drain port on one type of dialysis machine (/76). Recommendations to prevent such outbreaks are published elsewhere (70,

Contaminated medication vials also are a potential source of bacterial infection for patients. I 1999, an outbreak of Serratia liquefaciens
bloodstream infections and pyrogenic reactions among hemodialysis patients was iraced to contamination of vials of erythropoietin.
These vials, which were intended for single use, were contaminated by repeated puncture to obtain additional doses and by pooling of
residual medication into a common vial (177).

Endogenous pathogens first colonize the patient and later cause infection. Colonization means that micrecrganisms have become resident
in or on the body (e.g., in the nares or stool); a culture from the site is positive, but no symptoms or sigas of infection exist. Colonization
with potentially pathogenic microorganisms, often unknown to staff members, is commen in patients with frequent exposure to hospitals
and other health-care settings. Colonization most often occurs when microorganisms are fransmitted from a colonized or infected source
patient to another patient on the hands of health-care workers who do not comply with infection control precautions. Less commondy,
contamination of environmental surfaces {e.g., bed rails, countertops) plays a role (/78).

Infoction ocours when microorganisms invade the body, damaging tissue and causing signs or symptoms of infection, and is aided by
invasive devices (e.g., the hemodialysis vascular access). Evidence exists that when prevalence of colonization in a population is less
frequent, infection in that population will also be less frequent, and infection control recommendations for hemodialysis units are
designed to prevent colonization (4 79). Additional measures designed to prevent infection from colonizing organisms (e.g., using aseptic
technique during vascular access) are presented elsewhere (/80).

Antimicrobial Resistance

Antimicrobial-resistant bacteria are more common in patients with severe illness, who often have had multiple hospitatizations or surgical
procedures, and in those who have received prolonged courses of antimicrobial agents. In health-care settings, including hemodialysis
centers, such patients can serve as a soutce for transmission.

Clinically important drug-resistant bacteria that commonly cause healfh-care--associated infections include MR34, methicillin-resistant
CNS, VRE, and multidrug-resistant gram negative rods, including strains of Pseudomonas aeruginosa, Stenotrophomonas maltophilia,
and Acinefobacter species, some of which are resistant to all available antimicrobials, In addition, straing of S. qureus with intermediate
resistance to vancomycin and other glycopeptide antibiotics have recently been reported; these strains are cailed vancomyein-
intermediate S. aureus (VISA) or glycopeptide-intermediate S. aureus (GISA) (/&7 132). Intermediate resistance to vancomyein is
reported even more frequently among CNS (183, 184).

Hemodialysis patients have played a prominent role in the epidemic of vancomycin resistance. In 1988, a renal unit in London, Engiand,

reported one of the first cases of VRE (/85). In three studies, 12%--22% of hospitalized patients infected or colonized with VRE were
receiving hemodiabysis (/78 786, 187). Furthermore, three of the first five patients identified with VISA (or GISA) were on chronic
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hemodialysis, and one had received acute dialysis (/82).

Prevalence of VRE has increased rapidly at U.S. hospitals; among intensive care unit patients with nosocomial infections reported to the
National Nosocomial Infections Surveillance (NNIS) system, the percentage of enterococeal isofates resistant to vancomycin increased
from 0.5% in 1989 to 25.2% in 1999 (23) (CDC, unpublished data, 2000). This increase is atiributable to patient-to-patient transmission
in health-care settings and fransmission of resistant genes among previously susceptible enterococei. Once vancemyoin resistance has
been transferred to a patient, antimicrobials select for resistant organisms, causing them to increase i number refative to susceptible
organisms. Prevalence of VRE colonization among patients varies in different health-care seftings; in hemodialysis centers, the reported
prevalence in stool samples ranged from 1% to 9% (188, 789). In one center with a prevalence of 9%, three patients developed VRE
infections in I year (/88).

Vancomycin Use

Dialysis patients have played a prominent role in the epidemic of vancomycin resistance because this drug is used commonly in these
patients, in part because vancomyein can be convenjently administered to patients when they come in for hemodialysis treatments.
However, two studies indicate that cefazolin, a first-generation cephalosporin, could be substituted for varcomyein in many patients
(196191}, One of these studies reported that many pathogens causing infections in hemodialysis patients are susceptible to cefazolin
(190), and both studies reported therapeutic cefazolin blood levels 48--72 hours after dosing, making in-center administration three times
a week after dialysis feasible.

Eqguipment, Supplies, and Environmental Surfaces

The hemodialysis machine and its components also can be vehicles for patient-to-patient transmission of bloodbore viruses and
pathogenic bacteria (24,/92). The external surfaces of the machine are the most likely sources for contamination. These include not only
frequently touched surfaces (e.g., the control panel), but also attached waste confainers used during the priming of the dialyzers, blood
tubing draped or clipped to waste containers, and items placed on tops of machines for convenience (e.g., dialyzer caps and medication
vials).

Sterilization, Disinfection, and Cleaning

A sterilization procedure kilis all microorganisms, including highly resistant bacterial spores {24). Sterilization procedures are most
commaonly accomplished by steam or ethylene oxide gas. For products that are heat sensitive, an FDA-cleared liquid chemical sterilant
can be used with a long exposure time (i.e., 3--10 hours).

High-level disinfection kills ail viruses and bacteria, but not high numbers of bacterial spores. High-level disinfection can be
accomplished by heat pasteurization or, more commonly, by an FDA-cleared chemical sterilant, with an exposure time of 12--45 minutes.
Sterilants and high-level disinfectants are designed to be used on medical devices, not environmental surfaces. Intermediate-level
disinfection kills bacteria and most viruses and is accompHshed by using a tuberculocidal "hospital disinfectant” (2 term used by the U.S,
Environmental Protection Agency [EPA] in registering germicides) or a 1:100 dilution of bleach (300--600 mg/L, free chiarine). Low-
level disinfection kills most bacteria and is accamplished by using general purpose disinfectants. Infermediate and low-level disinfectants
are designed to be used on environmental surfaces; they also can be used on noncritical medical devices, depending on the design and
labeling claim.

Cleaning eliminates dirt and some bacteria and viruses and is accomplished by using & defergent or detergent germicide. Antiseptics (e.g.,
formulations with povidene-iodine, hexachlorophene, or chlorhexidene) are designed for use on skin and tissue and should not be used on
medical equipment or environmental surfaces.

Regardless of the procedure used, cleaning with 2 germicidal detergent before disinfection {or sterilization) is essential to remove organic
material (e.g., blood, mucous, or feces), dirt, or debris, The presence of such matezial protects microorganisms from the sterilization or
disinfection process by physically blocking or inactivating the disinfectant or sterilant.

The choice of what procedure or which chemical germicide to use for medical devices, instruments, and environmental surfaces depends
on several factors, including the need to maintain the structural integrity and function of the item and how the item will be used. Three
general categories of use for medical items are recognized, each of which require different fevels of sterilization or disinfection {/93).
These categories are a) critical, which includes items introduced directly into the bloodstream or normally sterile areas of the body (e.g.,
needles, catheters, hemodialyzers, blood tubing); b) semicritical, which includes equipment that comes in contact with intact mucous
membranes {e.g., fiberoptic endoscopes, glass thermometers); and ¢) noneritical, which includes equiptment that touches only intact skin
{e.g., blood pressure cuffs). Semicritical items are not generally used in dialysis units.

Internal Pathways of Hemodialysis Machines. In single-pass hemodialysis machines, the intemal fluid pathways are not subject to
contamination with blood. If a dialyzer leak occurs, dialysis fluid might become contaminated with blood, but this contaminated fluid is
discarded through a drain and does not return #o the dialysis machine to contaminate prediatyzer surfaces, For dialysis machines that use a
dialysate recirculating system (e.g., some ultrafiltration control machines and those that regenerate the dialysate), a blood lezk ina
dialyzer could contaminate the internal pathways of the machine, which could i fum contaminate the dialysis fluid of subsequent
patients (92). Howevsr, procedures normally practiced after each use (i.e., draining the dialysis fluid and rinsing and disinfecting the
machine) will reduce the leve] of contamination to below infectious levels. In addition, an intact dialyzer membrane will not allow
passage of bacteria or viruses (24).
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Pressure transducer filter protectors are used primarily to prevent contamination and preserve the functioning of the pressure monitoring
(i.e., arterial, venous, or both) components of the hemodialysis machine. Hemodialysis machines usvally have both external (typically
supplied with the blood tubing set) and internal protectors, with the internal protector serving as a backup in case the external transducer
protector fails. Failure to use an external protector or 10 replace the protector when it becomes contaminated (i.e,, wetted with saline or
blood) can result in contamination of the internal transducer protector, which in turn could allow transmission of bloodborne pathogens
(24). However, no epidemiologic evidence exists that contamination of the intemal transducer protector caused by failure of the external
transducer protector has led to either mixing of blood or the transmission of bloodborne agents.

Dialyzer Reprocessing. Approximately 80% of U.S. chronic hemodiatysis centers reprocess (i.e., reuse) dialyzers for the same patient
(78), and guidelines for reprocessing have been published elsewhere (see Suggested Readings). Although outbreaks of bacterial infections
and pyrogenic reactions have occurred because of inadequate reprocessing procedures and failure to maintain standards for water quality,
reuse has not been associated with transmission of bioodborre viruses, Any theoretical risk for BV transmission from reuse of dialyzers
would primarily affect staff members who handle these dialyzers, Although no increase in HBV (or HCV) infection among staff members
who work in such centers has been reported, many centers do not reuse dialyzers from HBsAg-positive patients (24).

Irnfoction Control Precautions for Qutpatient Hemodialysis Settings Conxpared with knpatient Hospital Settings

Contact transmission is the most important rowte by which pathogens are transmitted in health-care seftings, including hemodialysis units.
Contact transmission accurs most commonly when microorganisms from a patient are transferred to the hands of a health-care worker
who does not comply with infection control precautions, then touches another patient. Less commonly, environmental surfaces (e.g., bed
rails, countertops) become contaminated and serve 2 an intermediate reservoir for pathogens; transmission can occur when a worker
touches the surface then touches a patient or when a patient ouches the surface.

in the hemodialysis setting, contact transmission plays a major role in transmission of bloodborne pathogens. I a health-care worker's
hands become contaminated with virus-infected blood from one patient, the worker can transfer the virus to a second patieat's skin or
blood line access port, and the virus can be inoculated into that patient when the skin or access port is punctured with a needle.

Contact transmission can be prevented by hand hygiene (i.e., hand washing or use of a waterless hand rub), glove use, and disinfection of
environmental surfaces. OF these, hand hygiene is the most important. In addition, nensterile dispesable gloves provide a protective
barrier for workers' hands, preventing them from becoming soiled or contaminated, and reduce the liketihood that microorganistns
present on the hands of personnel will be transmitted to patients. However, even with glove use, hand washing is needed because
pathogens deposited on the outer swrface of gloves can be detected on hands after glove removal, possibly because of holes or defeots in
the gloves, leakage at the wrist, or contamination of hands during glove removal {1 94).

Standard Precautions are the system of infection control precautions recommended for the inpatient hospitel setting (/95). Standard
Precautions are used on afl patients and include use of gloves, gown, or mask whenever needed to prevent contact of the health-care
worker with blood, secretions, excretions, or contaminated items.

In addition to Standard Precautions, more stringent precautions are recommended for hemodialysis units because of the increased
potential for contaminatior with blood and pathogenic microorganisms (see Infection Control Practices Recommended for Hemodialysis
Units). For example, infection contro] practices for hemodialysis units restrict the use of common supplies, instruments, medications, and
medication trays and prohibit the use of a common medication cart.

For certain patients, including those infected or colonized with MRSA or VRE, contact precantions are used in the inpatient hospitel
setting. Contact precautions include a) piacing the patient in a single room or with another patient infected or colonized with the same
organism; b) using gioves whenever entering the patient's room; and ¢} using & gown when entering the patient's rocm if the potential
exists for the worker's clothing to have substantjal contact with the patient, environmental surfaces, or items in the patient's room,
Workers also should wear a gown if the patient has diarrhea, an ileostomy, a colostomy, or wound drainage not contained by a dressing.

However, contast precautions are not recommended in hemodialysis units for patients infected or colonized with pathogenic bacteria for
several reasons. First, although contact transmission of pathogenic bacteria is well-documented in hospitals, similar transmission has not
been well-documented in hemodialysis centers. Transmission might not be apparent in dialysis centers, possibly because it ocours less
frequently than in acute-care hospitals or results in undetected colonization rather than overt infection. Also, because dialysis patients are
frequently hospitalized, determining whether transmission occurred in the inpatient or outpatient setting is difficult. Second,
contamination of the patient's skin, bedclothes, and environmental surfaces with pathogenic bacteria is likely to be more common in
hospital settings (where patients spend 24 hours a day) than in cutpatient hemodialysis centers (where patients sperd approximately 10
hours 2 week). Third, the routine use of infestion control practices recommended for hemodialysis units, which are more stringent than
the Standard Precautions routinely used in hospitais, should prevent transmission by the contact route.

RECOMMENDATIONS

Rafionale

Preventing transmission among chronic hemodialysis patients of bleodbome viruses and pathogenic bacteria from both recognized and
unrecognized sources of infection requires implementation of a comprehensive infection control program. The components of such a

program include infection control practices specifically designed for the hemodialysis setting, including routine serologic testing and
immunization, sutveillance, and fraining and education (Box).
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The infection control practices recommended for kemodialysis units wiil reduce opportunities for patient-to-patient transmission of
infectious agents, directly or indirecily via contaminated devices, equipment and supplies, envirenmental surfaces, or hands of personnel.
These practices should be carried out routinely for all patients in the chronic hemodialysis setting because of the increased potential for
blood contamination during hemodialysis and because many patients are colonized or infected with pathogenic bacteria. Such practices
include additional measures to prevent HBV trangmission because of the high titer of HBV and its ability to survive on envirommental
surfaces. For patients at increased risk for transmission of pathogenic bacteria, including antimicrobia-resistant strains, additional
precautions also might be necessary in some circumstances. Furthermore, surveillance for infections and other adverse events is required
to monitor the effectivensss of infection contro] practices, as well as training and education of both staff members and patients to ensure
that appropriate infection conirol behaviors and techniques are carried out.

Infection Control Practices for Hemodialysis Units

In each chronic hemodialysis unit, policies and practices should be reviewed and updated to ensure that infection control practices
recommended for hemodialysis units are implemented and rigorously followed (see Recommended Infection Control Practices for
Hemodialvsis Units a¢ a Glance). Infensive efforts must be made fo educate new staff members and reeducate existing staff members
regarding these practices.

Infection Control Precautions for AN Patients

During the process of hemodialysis, exposure to blood and potentially contaminated items can be routinely anticipated; thus, gloves are
required whenever caring for a patient or fouching the patient's equipment. To facilitate glove use, a supply of clean nonsterile gloves and
a slove discard container should be placed near each dialysis station. Hands always should be washed after gloves are removed and
between patient contacts, as well as after touching blood, body fluids, secretions, excretions, and cortaminated items. A sufficient number
of sinks with warm water and soap should be available to facilitaie hand washing. If hands are not visibly soiled, use of a waterless
antiseptic hand rub can be substituted for hand washing.

Any item taken to a patisat's dialtysis station could become contaminated with blood and other body fluids and serve as a vehicle of
transmission to other patients either directly or by contamination of the hands of persommel. Therefore, items taken to a patient's dialysis
station, including those piaced on top of dialysis machines, should either be disposed of, dedicated for use only on a single patient, or
cleaned and disinfected before being retumned o a common clean area or used for other patients. Unused medications or supplies (e.g..
syringes, alcohol swabs) taken to the patient's station should not be retumned to a common clean area or used on other patients.

Additional measures to prevent contamination of clean or sterile items include a} preparing medications in a room or area separated from
the patient treatment area and designated only for medications; b) not handling or storing contaminated (i.e., used) supplies, equipment,
blood samples, or bichazard containers in areas where medications and clean {i.e., unused) equipment and supplies are handled; and <)
delivering medications separately to each patient. Common carts should not be used within the patient treatment area o prepare or
distribute medications. If trays are used to distribute medications, clean them before using for a different patient,

Intravenous medication vials labeled for single use, including erythropoetin, shouid not be punctured more than once (/96,/97). Once a
needle has entered a vial labeled for single use, the sterility of the product can no longer be guaranteed. Residual medication from two or
more vials should not be pooled into a single vial.

If a common supply cart is used to store clean suppfies in the patient freatment ares, this cart should remain in a designated area at a
sufficient distance from patient stations to avoid contamination with blood. Such carts should not be moved between stations to distribute

supplies.

Staff members should wear gowns, face shields, eye wear, or masks o protest themselves and prevent soiling of ciothing when
performing procedures during which spurting or spattering of blood might occur {e.g., during initiation and termination of dialysis,
cleaning of dialyzers, and centrifugation of blood). Such protective clothing or gear should be changed if it becomes soiled with blood,
body fluids, secretions, or sxcretions. Staff members should nof eat, drink, or smoke in the dialysis treatment area oz in the laboratory.
However, patients can be served meals or eat food brought from home at their dialysis station. The glasses, dishes, and other utensils
should be cleaned in the usual manner; no special care of these items is needed.

Cleaning and Disinfection. Establish written protocols for cleaning and disinfecting surfaces and equipment in the dialysis unit,
including careful mechanical cleaning before any disinfection process (Tablg 2}, If the manufacturer has provided instructions on
sterilization or disinfection of the item, these instructions should be followed. For each chemical sterilant and disinfectant, follow the
manufacturer's instructions regarding use, including appropriate dilution and contact time.

After each patient treatment, clean environmental surfaces at the dalysis 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, kemostats, clamps, stethoscopes, blood pressure cuffs), clean and apply a
hospital disinfectant (i.e., low-level disinfection); if the item is visibly contaminated with blood, usea tuberculocidal disinfectant (i.e.,
intermediate-level disinfection).

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) {i.¢., intermediate-level disinfection}. The staff member doing the cleaning should wear gloves, and
the cloth should be placed in a bucket or other leakproof container. After all visible blood is cleaned, use a new cloth or towel to apply
disinfectant a second time.
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Published methods shouid be used to clean and disinfect the water treatment and distribution system and the internal circuits of the
dialysis machine, as well as to reprocess dialyzers for reuse (see Suggested Readings). These methods are designed to control bacterial
contamination, but will also eliminate bloodborne viruses. For singie-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 ocourred, regardless of the type of dialysis machine used. Routine bacteriologic assays of
water and dialysis fluids should be performed accerding to the recommendations of the Association for the Advancement of Medical
Instrumentation (see Suggested Readings).

Venous pressure transducer protectors should be used to cover pressure monitors and should be changed between patients, not reused. If
the external transducer protector becomes wet, replace immediately and inspect the protector. If fluid is visible on the side of the
transducer protector that faces the machine, have qualified personne! open the machine after the treatment is completed and check for
contamination. This includes inspection for possible biood contamination of the intemal pressure tibing set and pressure sensing port. If
contamination has ocourred, the machine must be taken out of service and disinfected using either 1:100 dilution of bieach (300600
mg/L free chlorine) or a commercially available, EPA-registered tuberculocidal germicide before reuse. Frequent blood line pressure
afarms or frequent adjusting of blood drip chamber levels can be an indicator of this problem. Taken separately, these incidents could be
characterized as isolated malfunctions. However, the potential public health significance of the total number of incidents nationwide
make it imperative that all incidents of equipment contamination be reported immediately to the FDA. (800-FDA-1088).

Housckeeping staff members in the dialysis facility should promptly remove soil and potentially infectious waste and maintain an
environment that enhances patient care. All disposable items should be placed in bags thick enough to prevent leakage. Wastes generated
by the hemodialysis facility might be contaminated with bicod and should be considered infectious and handled accordingly. These solid
medical wastes should be disposed of property in an incinerator or sanitary landfill, according to loca? and state regulations governing
medical waste disposal.

Hemodialysis in Acute-Care Settings. For patients with acute renal failure who receive hemodialysis in acute-care settings, Standard
Precautions as applied in 21l health-care settings are sufficient to prevent transmission of bloodborne viruses. However, when chronic
kemodialysis patients receive maintenance hemodialysis while hospitalized, infection control precautions specifically desi gned for
chronic hemodialysis units (see Recommended Practices at a Glance) should be applied to these patients. If both acuie and chronic renal
faiture patients receive hemodialysis in the same unit, these infection control precautions should be applied to al] patients.

Regardless of where in the acute-care setting chronic hemodialysis patients receive dialysis, the HBsAg status of ali such patients should
be ascertained at the time of admission to the hospital, by either a written report from the referring center (including the most recent date
testing was performed) or by a serologic test. The BBV serologic status should be prominently placed in patients' hospital records, and aft
health-care personnel assigned to these patients, as well as the infection control practitioner, should be aware of the patients' serologic
status. While hospitalized, HBsAg-positive chronic hemodialysis patients should undergo dialysis in a separate room and use separate
machines, equipment, instruments, supplies, and medications designated only for HBsAg-positive patients (see Prevention and
Management of HBV Infection), While HBsAg-positive patients are receiving dialysts, staff members who are caring for them should not
care for susceptible patients.

Routine Serologic Testing

Chronic Hemodialysis Patients. Routinely test all chronic hemodialysis patients for HBV and HCV infection (see Recommended
Practices at a Glance), promptly review results, and ensure that patients are managed appropriately based on their testing results (see later
recommendations for sach virus), Conununicate test results (positive and negative) to other units or hospitals when patients are
transferred for care. Routine testing for HDV or HIV infection for purposes of infection control is not recommended.

The HBV serclogic status (Le., HBsAg, fotal antj-HBc, and anii-HBs) of all patjents should be known before admission to the
hemodialysis unit. For patients transferred from another unit, test results should be obtained before the patients' transfer. If a patient’s
HBV serologic status is not krown at the time of admission, testing should be completed within 7 days. The hemodialysis wnit should
ensure that the laboratory performing the testing for anti-HBs can define 2 10 mIU/mL concentration to determine protective levels of
antibody.

Routine HCV testing should include use of both an EIA to test for anti-HCV and supplemental or confirmatory testing with an additional,
more specific assay (Figure). Use of RT-PCR for HCV RNA as the primary test for routine screening is not recommended because fow
HCV infections will be identified in anti-HCV negative patients. However, if ALT levels are persistently abnormal in patients who are
anti-HCV negative in the absence of another etiology, testing for HCV RNA should be considered (for proper specimen coliection and
handling, see Hepatitis C Virus Infection, Screening and Diagnostic Tests).

Hemodialysis Staff Members. Previously, testing for HBV infection was recommended for all staff members at the time of employment
and for susceptible staff members at routine intervals thereafler (/98); however, such testing is no longer considered necessary. Fhe risk
for HBV infection among hemodialysis staff members is no greater than that for other health-care workers. Thus, routine testing of staff
members is not recommended except when required to document response to hepatitis B vaceination (ses Postvaccination Testing and
Revaccination of Nonresponders). Routine testing of staff members for HCV, HDV, or HIV infection is not recotnmended,

Hepatitis B Vaccination

Vaccine Schedule and Dose. Hepatitis B vaccination s recommended for ali susceptible chronic hemodialysis patients and for ail staff
members (Tabie 3). Vaccination is recommended for pre--end-stage renal disease patients before they become dialysis dependent and for
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peritoneal and home dialysis patients because they might require in-center hemodialysis. Hepatitis B vaccine should be administered by
the intramuscular route and only in the deltoid muscie for adults and children. Intraderma] or subcutaneous administration of hepatitis B
vaceine is not recommended.

If an adult patient begins the vaccine series with a standard dose before beginning hemodialysis treatment, then moves to hemodialysis
treatment before completing the series, complete the series using fhe higher dose recommended for hemodialysis patients (Table 3). No
specific recommendations have been made for higher doses for pediatric hemodialysis patients. If a lower than recommended vaccine
dose is administered to either adults or children, the dose should be repeated.

If the vaccination series is interrupted after the first dose, the second dose should be administered as scon as possible. For the three-dose
primary vaccine series, the second and third doses should be separated by an interval of at least 2 months; if only the third dose is
delayed, that dose should be administered when convenient. When hepatitis B vaccine has been administered at the same time as other
vaccines, no interference with the antibody response of the other vaccines has been demonstrated.

Postvaccination Testing and Revaccination of Nonresponders. Test all vaccinees for anti-HBs 1--2 months after the last primary
vaceine dose, to determine their response to the vaccine (adequate response is defined as >10 miU/mL). Patients and staff members who
dio not respond to the primary vaceine series should be revaccinated with three additional doses and retested for response. No additional
doses of vaccine are warranted for those who do not respond to the second series.

Evaluate staff members who do not respond to revaccination to determine if they are HBsAg positive (199). Persons who are HBsAg
positive should be counseled accordingly (e.g., need for medical evaluation, vaccination of sexual and household contacts). Primary
nonresponders to vaccination who are HBsAg negative shouid be considered susceptible to HBV infection and counseled regarding
precautions to prevent HBV infection and the need to obtain postexposure prophylais with hepatitis B immune globulin for any known
or probable percutaneous or mucosal exposure to HBsAg-positive blood (/99).

Follow-Up of Vaccine Responders. Retest patients who respond to the vaccine annualfy for anti-HBs. If anti-HBs declines to <10
mIU/mL, administer a booster dose of hepatitis B vaccine and continus to retest annuaily. Retesting immediately after the booster dose is
not pecessary. For staff members who respond £ the vaccine, booster doses of vaceine are not necessary, and periodic serologic testing fo
mnonitor antibody concentrations is not recommended (/99).

Patients with o History of Vaccination. Routine childhood vaccination against hepatitis B has been recommended since 1991 and routine
adolescent vaccination since 1995 (89, 198). Thus, many persons who develop end-stage renal failure will have a history of vaccination
against hepatitis B. These persons should have responded to the vaccine when their immune status was normal, but if their anti-HBs
leveis are <10 mIU/mL when they begin dialysis, they should be revaccinated with a complete primary series.

Prevention and Management of HBV Infection

Preventing HBV transmission among chronic hemodialysis patients requires a} infection control precautions recommended for all
hemodialysis patients; b) routine serologic testing for markers of BBV infection and prompt review of results; ¢) isolation of HBsAg-
positive patients with dedicated room, machine, other equipment, supplies, and staff members; and &) vaccination. Additional infection
cantrol practices are needed because of the potential for environmentally mediated transmission of HBV, rather than internal
contamination of dialysis machines. The need for routine follow-up testing, vaccination, or isolation is based on patients' serologic status
{Table 1 and Recommended Practices at a Glance).

HBV-Susceptible Patients. Vaccinate all susceptible patients {see Hepatitis B Vaccination). Test susceptible patients monthly for
HBsAg, including those who a) have not yet received hepatitis B vaccine, b) are in the process of being vaccinated, or ¢} have nat
adequately responded to vaccination, Although the incidence of HBV infection is low among chronic hemodialysis patients, preventing
transmission depends on timely detection of patients converting from HBsAg negative to HBsAg positive and rapid implementation of
isolation procedures before oross-contamination can ocour,

HBsAg Seroconversions. Report HBsAg-positive seroconversions to the local health department as required by law or regulation. When
a seroconversion oocurs, review all patients' routine laboratory test results to identify additional cases. Perform additional testing as
indicated Tater in this section. Investigate potential sources for infection to determine if transmission might have occurred within the
dialysis unit, including review of newly infected patients' recent medical history {e.g., blood transfusion, hospitalization), history of high-
risk behavior (e.g., injecting-drug use, sexual activity), and unit practices and procedures.

In patients newly infected with HBV, HBsAg often is the only serologic marker initially detected; repeat HBsAg testing and test for anti-
HBe (including IgM anti-HBc) 1--2 months later. Six months later, repeat HBsAg testing and test for anti-HBs to determine clinical
outcome and need for counseling, medical evaluation, and vaccination of contacts. Patients who become HBsAg negative are nio longer
infectious and can be removed from isolation.

HBV-Infected Patients. To isolate HBsAg-positive patients, designate a separate room for their treatment and dedicate machines,
equipment, instruments, supplies, and medications that will rot be used by HBV-susceptible patients. Most importantly, staff members
who are caring for HBsAg-positive patients should not care for susceptible patients af the satne time, including during the period when
dialysis is terminated on one patient and initiated on another.

Newiy opened units should have isolation rooms for the diaiysis of HBsAg-positive patients. For existing units in which a separate room
is not possible, HBsAg-positive patients should be separated from HBV-susceptible patients in an area removed from the mainstream of
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activity and should underge dialysis on dedicated machines. 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 sutfaces
cleaned using soap and water or a detergent germicide.

Dialyzers should not be reused on HBsAg-positive patients. Because HBV is efficiently transmitted through occupational exposure to
blood, reprocessing dialyzers from HBsAg-positive patients might place HBV-susceptible staff members at increased risk for infection.

Chronically infected patients (i.e., those who are HBsAg positive, total anti-HBe positive, and IgM anti-HBc negative} are infectious to
others and are at risk for chronic liver disease. They should be counseled regarding preventing transmission to others, their household and
sexual partners should receive hepatitis B vaccine, and they should be evaluated (by consultation or referral, if appropriate) for the
presence or development of chronic liver disease according te current medical practice guidelines. Persons with chronic liver disease
should be vaccinated against hepatitis A, if susceptible.

Chronically infected patients do not require any routine follow-up testing for purposes of infection control. However, annual testing for
HBsAg is reasonable to detect the small percentage of HBV-infected patients who might lose their HBsAg.

HBV-Tmmune Patients, Arnual anti-HEs testing of patients whe are positive for anti-HBs (>10 mIU/ml.) and negative for anti-HBc
determines the need for booster doses of vaceine to ensure that protective Jevels of antibody are maintained. No routine follow-up testing
is necessary for patients who are positive for both anti-HBs and anti-HBo. '

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.

Isolated Anti-HBc—Positive Patients. Patients who test positive for isolated anti-HBc (i.e., those who are anti-HBc positive, HBsAg
negative, and anti-HBs negative) should be retested on a separate serum sample for total anti-HBe, and if positive, for IgM anti-¥Be. The
following guidelines shouid be used for interpretation and follow-up:

+ If total anti-HBc is negative, consider patient susceptible, and follow recommendations for vaccination.
» Htotal anti-HBc is positive and IgM anti-HB¢ is negative, foliow recommendations for vaccination,
o I anti-HBs is <10 mIU/mL even after revaccination, test for HBV DNA.
o IFHBV DNA is regative, consider patient susceptible (i.e., the anti-HBc result is a false positive), and test monthly for
HBsAg.
o IfHBV DNA is positive, consider patient as having past infection or "low-level" chronic infection (i.e., the anti-HBc result is
a true positive); no further testing is necessary. :
o Isolation is not necessary because HBsAg is not detectabie.
« Hboth total and IgM anti-HBc are positive, consider patient recently infected and test for anti-HBs in 4--6 months; no further
roufine testing is necessary.
o lsolation is not necessary because HBsAg is not detectable.

Prevention and Management of HCV Infection

HCV transmission within the dialysis environment can be prevented by strict adherence to infection control precautions recommended for
all hemodialysis patients (see Recommended Practices at a Glance). Although isolation of HCV-infected patients is not recommended,
routine festing for ALT and anti-HCV is important for monitoring transmission within centers and ensuring that appropriate precautions
are being properly and consistently used.

HCV-Negative Patients, Monthly ALT testing will facilitate timely detection of new infections and provide a pattern from which to
determine when exposure or infection might have occurred. In the absence of unexplained ALT elevations, testing for anti-HCV every 6
months should be sufficient to monitor the occurrence of new HCV infections. If unexplained ALT slevations are observed in patients
who are anti-HCV negative, repeat anti-HCV testing is warranted. If unexplained ALT elevations persist in patients who repeatedly test
anti-HCV negative, testing for HCV RNA should be considerad.

Anti-HCV Seroconversions, Report anti-HCV--pasitive seroconversions to the local health department as required by law or regulation.
When a serocenversion occurs, review all other patients' routine laboratory test results o identify additional cases. Perform additional
testing as indicated later in this section. Investigate potential sources for infection to determine if transmission might have ocourred
within the dialysis unit, including review of newly infected patients' recent medical history {e.g., blood transfusion, hospitalization),
history of high-risk behavior {e.g., injecting-drug use, sexual activity), and unit practices and procedures.

If 1 patient seroconverts from anti-HCV negative to positive during a 6-monsh period, more freguent (e.g., every 1--3 months) anti-HCV
testing of HCV-negative patients could be warranted for a limited time (e.g., 36 months) to detect additional infections. ¥ no additional
newly infected patients are identified, resume semiannual festing. If ongoing HCV fransmission among patients 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 of HCV-negative patients for 6--12 months before resuming semiannual testing).

HCV-Positive Patients. Patients who are anti-HCV positive {or HCV RNA positive) do not have to be isolated from other patients or

dialyzed separately on dedicated machines. Furthermore, they can participate in dialyzer reuse programs. Uniike HBY, HCV is not
transtitted efficiently through occupational exposures, Thus, reprocessing dialyzers from HCV-positive patients should not place staff
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members at increased risk for infection.

HCV.positive persons should be evaluated (by consultation or referral, if appropriate) for the presence or development of chronic liver
disease accarding to current medical practice guidelines. They also should receive information concerning how they can prevent further
ham to their liver and prevent transmitting HCV to others (176 /41). Persons with chronic liver disease should be vaceinated against
hepatitis A, if susceptible.

Prevention and Management of HDV Infection

Because of the low prevalence of HDV infection in the United States, routine testing of hemodialysis patients is not necessary or
recommended. However, if a patient is known to be infected with HDV, or if evidence exists of transmission of HDV in a dialysis center,
screening for deléa antibody is warranted. Because HDV depends on an HBV-infected host for replication, prevention of HBV infection
will prevent HD'V infection in a person susceptible to HBV. Patients who are known to be infected with HDV should be isolated from all
other dialysis patients, especially those who are HBsAg-positive.

Prevention and Management of HIV Infection

Routine testing of hemodialysis patients for HIV infection for infection control putposes is not necessary or recommended. However,
patients with risk factors for HIV infection should be tested so that, if infected, they can receive proper medical care and counssling
regarding preventing transmission of the virus (20).

Infection contro} precautions recommended for all hemodialysis patients (see Recommended Practices af a Glance) are sufficient to
prevent HFV transmission between patients. HIV-infected patients do not have to be isolated from other patients or dialyzed separately on
dedicated machines. In addition, they can participate in dialyzer reuse programs. Because HIV is not ransmitted efficientiy through
occupational exposures, reprocessing dialyzers from HIV-positive patients should not place staff members at increased risk for infection.

Prevention and Management of Bacterial Infections

Follow published guidelines for judicious use of antimicrobials, particularly vancomycin, to reduce selection for antimicrobial-resistant
pathogens {202). Infection control precautions recommended for all hemodialysis patients (see Recommended Practices at a Glance) are
adequate to prevent transmission for most patients infected or colonized with pathogenic bastetia, including antimicrobial-resistant
strains. However, additional infection control precautions should be considered for treatment of patients who might be at increased risk
for iransmisting pathogenic bacteria. Such patients include those with either a) an infected skin wound with drainage that is not contained
by dressings (the drainage does not have to be culture positive for VRE, MRSA, or any specific pathogen) or b) fecal incontinence or
diarthea uncontrolled with personal hygiene measures. For these patients, consider using the following additional precautions: a) staff
members treating the patient should wear a separate gown over their usual clothing and remove the gown when finished caring for the
patient and b) dialyze the patient at & station with as few adjacent stations as possible (e.g., at the end or comer of the unit).

SURVEILLANCE FOR INFECTIONS AND OTHER ADVERSE EVENTS

Develop and maintain 2 separate centralized record-keeping system (e.g., log book or electronic file) to record the resuits of patients’
vaccination status, serologic testing results for viral hepatitis (including ALT), episodes of bacteremia or loss of the vascular access
caused by infection (inciuding date of onset, site of infection, genus and species of the infecting organism, and selected antimicrobial
susceptibility results),* and adverse events (e.g, blood leaks and spilts, dialysis machine maHfunctions). Designate a staff person to
promptly review the results of routine testing each time such testing is performed and periodically review recorded episodes of
bacteremia or vascular access infections. Specify a precedure for actions required when changes occur in test resuits or in the frequency
of episodes of basteremias or vasoular access loss because of infection. 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 disconnest the
patient to and from a machine,

INFECTION CONTROL TRAINING AND EDUCATION

Training and education is recommended for both staff members and patients (or their family care givers). Training should be appropriate
to the cognitive level of the staff member, patient, or family member, and rationates should be provided for appropriate infection control
behaviors and techniques fo increase compliance. Regulations and recommendations regarding infection contro} training for health-care
workers in general, and dialysis personnel in particular, have been previously published (/80,203--205). The following recommendations
are intended to highlight and augment the earlier recommendations.

+ Training and education for al} employees at risk for occupational exposure 10 blood should be provided at least annually, given to
new employees before they begin working in the unit, and documented. At a minimum, they should include informatior on the
following topics:

o proper hand hygiene technique;

o proper use of protective equipment;

o modes of transmission for bioodborne viruses, pathogenic bacteria, and other microorganisms as appropriate;

o infection control practices recommended for hemodialysis units and how they differ from Standard Precautions
recommended for other health-care settings;

o proper handling and delivery of patient medications;

o rationale for segregating HEsA g-positive patients with 2 separate room, machine, instruments, supplies, medications, and
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staff members;
o proper infection control techniques for initiation, care, and maintenance of access sites;
o housekeeping to minimize transmission of microorganisms, including proper methods to clean and disinfect equipment and
environmental surfaces; and
o centralized record keeping to monitor and prevent complications, including routine serologic testing results for HBV and
HCV, hepatitis B vaccine status, episodes of bacieremia and loss of access caused by infection, and other adverse events.
Records of surveiliance for water and dialysate quality should also be maintained.
» Training and education of patients (or family members for patients unable fo be responsible for their own care) regarding infection
conirol practices should be given on admission to dialysis and at least annuatly thereafter and should address the following topics:
o personal hygiene and hand washing technique;
o patient responsibility for proper care of the access and recognition of signs of infection, which should be reviewed each time
the patient has a change in access type; and
o recommended vaccinations (206).

FUTURE DIRECTIONS

Infection control strategies that prevent and control HBV infection among hemodialysis patients ave well-established. Areas that need
additional research include determining the ideal hepatitis B vaccine dosage regimen for pre- and postdialysis pediatric patients and for
predialysis aduit patients, as well as the optimal timing for follow-up testing and administration of booster doses among vaccine
responders. In addition, further studies are needed to clarify the specific factors responsible for transmission of HCV among hemodialysis
patients and to evaluate the effect of the current recommendations on prevention and conirel of HCV infection in this setting.

Many areas related to bacterial infections in chronic hemodialysis patients need additional information. Studies are needed on the
prevalence and epidemiology of bacterial infections among chronic hemodialysis patients and the patient care pragtices (e.g., those
related to vascular access care and puncture) that would be most useful ir: preventing bacterial infections. Because of the prominent role
of dialysis patients in the epidemic of antimicrobial resistance, researchers need to learn more regarding optimal strategies to ensure
judicious use of antimicrobials in these patients. Additional topics for future research include determining the frequency of transmission
of pathogenic bacteria in the dialysis unit and whether additional precautions are necessary (o prevent such transmission.

This document fs available on the Internet at <htio:/fwww .cde.gov/hepatitis>. Copies also can be obtained by using the order form at this
Internet site or by writing the Hepatitis Branch, Maiistep G37, CDC, Atlanta, GA 30333.

References

1. National Fnstitutes of Health. 1999 annual data report. US Renal Data System. Bethesda, MD: US Department of Health and
Human Services, National Tnstitute of Health, National Institute of Diabetes and Digestive and Kidney Diseases, April 1999,
Hérl WH. Neutrophil function and infections in wremia. Am J Kidney Dis 1999;33:xIv-ii,
Snydman DR, Bryan JA, Hanson B. Hemodialysis-associated hepatitis in the United States—-1972. J Infect Dis 1975;132: 109--13.
Snydman DR, Bregman D, Bryan J. Hemodialysis-assoctated hepatitis ir: the United States, 1974, J Infect Dis 1977:13 5:687-91.
Alter MJ, Favero MS, Petersen NJ, Doto IL, Leger RT, Maynard JE. National surveillance of dialysis-associated hepatitis and other
diseases: 1976 and 1980. Dialysis & Transplantation 1983;12:860--5,
Alter MI, Favero MS, Maynard JE. Fepatitis B vacoine use in chronic hemodialysis centers in the United States. JAMA
1985;254:3200--2.
. Alter M, Favero MS, Maynard JE. Impact of infection control strategies on the incidence of dialysis-associated hepatitis in the
United States. J Infect Dis 1986;153:1145--31,
8. Alter MI, Favera MS, Miller JK, Moyer LA, Bland LA. National surveillance of dialysis-associated diseases in the United States,
1987. ASAJO Transactions 1989;35:820--31.
9. Alter MI, Favera MS, Miller JK, Moyer LA, Bland LA. Nationa) surveillance of dialysis-associated diseases in the United States,
1988, ASAJO Transactions 1990;36:107--18,
10. Alter MJ, Favero MS, Miller JK, Moyer LA, Bland LA. Nationa surveillance of dialysis-associated diseases in the United States,
1989, ASAJO Transactions 1991;37:97--109.
11. Tokars JI, Alter MJ, Favero MS, Moyer LA, Bland LA. National surveiliance of hemodialysis associated diseases in the United
States, 1090, ASAIO J 1993;39:71--80,
12. Tokars JI, Alter MJ, Favero MS, Moyer LA, Bland LA. National surveillance of dialysis associated diseases in the United States,
1991, ASAIO J 1993;39:966--75.
13, Tokars JI, Alter MJ, Favero MS, Moyer LA, Miller E, Bland LA. National surveillance of dialysis associated diseases in the United
States, 1992. ASAJO J 1994;40:1020--31,
14, Tokars JI, Alter MJ, Favere MS, Moyer LA, Miller E, Bland LA. National surveillance of dialysis associated diseases in the United
States, 1993. ASAIO ¥ 1996;42:219--29,
15. Tokars JI, Alter MJ, Milier E, Moyer LA, Favero MS. National surveillance of dialysis associated diseases in the United States---
1994. ASAIO J 1997;43:108--19.
16. Tokars JI, Miller ER, Alter MJ, Arduino MJ. National surveillance of dialysis associated diseases in the United States, 1995.
ASAIO J 1998;44:98.-107,
17. Tokars JI, Miller ER, Alter MJ, Arduine MJ. National surveillance of dialysis-associated diseases in the United States, 1996.
Aflanta, GA: US Department of Heaith and Human Services, Public Health Service, CDC, 1998:1--59.
18, Tokars JI, Miller ER, Alter MIJ, Arduino MY, National surveiilance of dialysis-associated diseases in the United States, 1997,

Semin Diat 2000;13:75--85,
19, CPC. Hepatitis: control measures for hepatitis B in dialysis centers. Atlanta, GA: US Department of Health, Education, and

e

o

http://www.cde.gov/immwr/preview/mmwrhtml/rr5005al htm 12/14/2010



Recommendations for Prever”” g Transmission of Infections Among Chrruic Hemodia... Page 20 of 30

Welfare, Public Health Services, CDC, 1977. HEW publication no. {CDC) 78-8358 (Viral Hepatitis Investigations and Control
Series).

CDE. Recommendations of the Immunization Practices Advisory Committee ( ACIPY: inactivated hepatjtis B virus vaccine.
MMWR 1982:31:317--22. 327--8.

. CDC. Outhreaks of hepatitis B virus infection among hemedialyis patients-—-California, Nebraska, and Texas, 1994, MMWER

1996:45:285-.9.

. Favero MS, Alter MJ. The reemergence of hepatitis B virus infection in hemodialysis centers. Semin Dial 1996;9:373--4.

Fridkin SK, Gaynes RP. Antimicrobial resistance in intensive care units. Clin Chest Med 1999;20:303--16.

Favero MS, Tokars JI, Arduino MI, Alter MJ. Nosocomial infections associated with hemodialysis. In: Mayhall CG, ed. Hospital
epidemiology and infection control, 2nd ed. Philadelphia, PA: Lippincott, Williams & Wilkias, 1999, 897--917.

Tokars II. Description of a new surveillance system for bloodstream and vascular access infections in outpatient hemodialysis
centers. Semin Dial 2000;13:97--100.

. Alter HJ, Seeff LB, Kaplan PM, et al. Type B hepatitis: the infectivity of blood positive for ¢ antigen and DNA polymerase after

accidental needlestick exposure. N Engl J Med 1976;205:909--13,

. Shikata T, Karasawa T, Abe K, et al. Hepatitis B e antigen and infectivity of hepatitis B virus. I Infect Dis 1977;136:571-6.
. Favero MS, Bond WW, Petersen NJ, Berquist KR, Maynard JE. Detection methods for study of the stability of hepatitis B antigen

on surfaces. J Infect Dis 1974,129:210--2.

. Bond WW, Favero MS, Petersen NJ, Gravelle CR, Ebert ¥W, Maynard JE. Survival of hepatitis B virus after drying and storage for

one week. Lancet 1981;1:550..1.

. Favero MS, Maynard JE, Petersen NJ, et al. Hepatitis-B antigen on environmental surfaces [Letter]. Lancet 1973;2:1455.
. Snydman DR, Bryan JA, Macon EJI, Gregg MB, Hemodialysis-associated hepatitis: report of an epidemic with further evidence on

mechanisms of transmission. Am J Epidemiol 1976;104:563--70.
Kantor R, Hadler SC, Schreeder MT, et al. Outbrezak of hepatitis B in a dialysis unit, complicated by false positive HBsAg test
results. Dialysis & Transplantation 1979;8:232--5,

. Carl M, Francis DP, Maynard JE. A common-source outbreak of hepatitis B in a hemodialysis unit. Dialysis & Transplantation

1983;12:222--9.

. Alter M, Ahtone J, Maynard JE. Hepatitis B virus transmission associated with a multiple-dose vial in 2 hemodialysis unit. Ann

Intern Med 1983;99:330--3.

. Niu MT, Penberthy LT, Alter MJ, Armstrong CW, Miller GB, Hadler SC. Hemodialysis-associated hepatitis B: report of an

outbreak. Dialysis & Transplantation: 1989;18:542--6, 555.

. Anonymous. Decrease in the incidence of hepatitis in dialysis units associated with prevention programme: Public Health

Laboratory Service Survey. BMJ 1974;4:751-4,

. Anomymous. Hepatitis B in retreat from dialysis wnits in United Kingdom in 1973: Public Health Laboratory Service Survey. Br

Med J 1976;1:1579--81.

. Najem GR, Louria DB, Thind I8, et al. Control of hepatitis B infection: the role of surveillance and an isolation hemodialysis

center, JAMA 1981;245:153~-7.
Hautin YJ¥, Goldstein ST, Varma JK, ef al, An outbreak of hospital-acquired hepatitis B virus infection among patients receiving
hetodiatysis. Infect Control Hosp Epidemiol 1999;20:731--5.

. McMahon BJ, Alward WLM, Hall DB, et al. Acute hepatitis B virus infection: refation of age to the clinical expression of dissase

and subsequent development of the carrier state. J Infect Dis 1985;151:599--603.

. Dienstag JL. knmunopathogenesis of the extrahepatic manifestations of hepatitis B virus infections. Springer Semin Immunopathol

1981;3:461--72.

Hoofnagle JH, Di Biscegiie AM. Serologic diagnesis of acute and chronic viral hepatitis, Semin Liver Dis 1991;11:73--83.

Beasley RP, Hwang L-Y, Lin C-C, Chin C-S. Hepatocellular carcinoma and hepatitis B virus: a prospective study of 22,707 men in
Taiwan, Lancet 1981;2:1129--33,

Hoofnagie TH, Shafritz DA, Popper H. Chronic type B hepatitis and the "heslthy" HBsAg carrier state. Hepatology 1987,7:758-.63.

. McMahon BJ, Alberts SR, Wainwright RB, Bulkow L, Lanier AP. Hepatitis B-related sequelae: prospective study in 1400 hepatitis

B surface antigen---positive Alaska Native carriers. Arch Intern Med 1690;150:1051--4.

. Ortiz-Interian CJ, de Medina MDD, Perez GO, et al. Recurrence and clearance of hepatitis B surface antigenermia in a dialysis patient

infected with the buman immunodeficiency virus. Am J Kidney Dis 1990;xvi:154--6.
Davis CL, Gretch DR, Carithers RL. Hepatitis B and transplantation. Infect Dis Clin North Am 1995;9.925--41.

. Hoofagle JH, Di Biscegtic AM. The treatment of chronic viral hepatitis. N Engl § Med 1997;336:347.-536.
. Dienstag JL., Schiff ER, Wright TL, et al. Lamivudine as initial treatment for chronic hepatitis B in the United States. N Eagl J Med

1999:341:1256--63.

Kioster B, Kramer R, Eastlund T, Grossman B, Zarva B. Hepatitis B surface antigenemia in blood donors following vaccination,
Transfusion 1995:35:475--7.

Lunn ER, Hoggarth BI, Cook WJ. Prolonged hepatitis B surface antigenemia after vaccination. Pediatrics 2000;105:E81.

Hadler SC, Murphy B, Schable CA, Heyward WL, Francis DP, Kane MA. Epidemiokogical analysis of the significance of low-
positive test results for antibody to hepatitis B surface and core antigens. J Clin Microbiol 1984;19:521--5,

. Levine OS, Vishov D, Kochler J, Cohn W, Spronk AM, Nelson KE. Seroepidemiology of hepatitis B virus in a population of

injecting drug users: association with drug injection patterns. Am J Epidemiol 1995;142:33 141,
Sitva AE, McMahon B, Parkinson AJ, Sjogren MH, Hoofnagle JH, Di Bisceglie AM. Hepatitis B virus DNA in persons with
isolated antibody to hepatitis B core antigen who subsequently received hepatitis B vaccine. Clin Infect Dis 1998,26:895.-7.

. McMahon BJ, Parkinson AJ, Helminiak C, et al. Response to hepatitis B vaccine of persons positive for antibody to hepatitis B

core antigen. Gastroenterology 1992;103:590--4.
Lai C-L, Lau JYN, Yeoh E-K, Chang W-K, Lin H-S. Significance of isolated anti-HBc seropositivity by ELISA: implications and
the role of radioimmunioassay. I Med Viro! 1992;36:180--3.

. Lai C-L, Chien R-N, Leung NWY, et al, and the Asia Hepatitis Lamivudine Study Group. A one-year frial of lamivudine for

chronic hepatitis B. N Engl J Med 1998;339:61--8.

http:/fwww.cde.gov/immwr/preview/mmwrhiml/rr5005al .htm 12/14/2010



Recommendations for Prever g Transmission of Infections Among Chronic Hemodia... Page 21 of 30

58.
59.
60.

61.
62,

63.
64.
65,
66.
87.
68.

69.
70.
71.
72
73,
74.
7.
76.
77.
78.
79,
80.
81

82.
3.
84.
8s.
86.
g7.
88.
89.
80.
91
92

i

Hadler SC, Margolis HS. Hepatitis B immunization: vaccine types, efficacy, and indications for immunization. In: Remington I3,
Swartz MN, eds. Current clinical topics in infectious diseases. Boston, MA: Blackwel! Scientific Publications, 1992:282--308,
Averhoff E, Mahoney F, Coleman P, Schatz G, Hurwitz E, Margolis H. Immunogenicity of hepatitis B vaccines: implications for
persons at occupational risk of hepatitis B virus infection. Am J Prev Med 1998;15:1--8.

Maupas P, Goudeau A, Coursaget P, et a1, Vaccine against hepatitis B---18 months prevention in a high risk setting. Med Microbiol
Immunol (Ber]) 1978;166:109--18,

Grob P. Hepatitis B vaccination of renal transplant and hemodialysis patients. Scand J Infect Dis 1983;38:28..32,

Stevens CE, Alter HJ, Taylor PE, Zang EA, Harley EJ, Szmuness W, and the Dialysis Vaccine Trial Study Group. Hepatitis B
vaccine in patients receiving hemodialysis: immunogenicity and efficacy. N Engl J Med 1584;311:426--501.

de Graeff PA, Dankert J, de Zeeuw D, Gips CH, van der Hem GK. Immune response to two different hepatitis B vaccines in
haemodialysis patients: a 2-year follow-up, Nephron 1985;40:155--60.

Carletti P, Bibiano L, Boggi R, et al. HBV infection in hemodialysis patients: monitoring and prevention. Nephron 1992;61:269--
70.

Navarro JF, Teruel JL, Mateos ML, Marcen R, Ortufio J. Antibody level after hepatitis B vaccination in hemodialysis patients:
influence of hepatitis C virus infection. Am J Nephroi 1996;16:95--7.

van Geelen JA, Schalm SW, de Visser EM, Heijtink RA. Immune response to hepatitis B vaceine in hemodialysis patients.
Nephron 1987;:45:216--8.

Bruguera M, Cremades M, Mayor A, Sdnchez Tapias JM, Rodés J. Immumogenicity of a recombinant hepatitis B vaccine in
haemodialyisis patients, Postgrad Med F 1987;63(Supp 2):155--8.

Bruguera M, Rodicio JL, Alcazar JM, Oliver A, Del Rio G, Esteban-Mur R. Effects of different dose levels and vaccination
schedules on jmmune response to a recombinant DNA hepatitis B vaccine in haemodialysis patients. Vaceine 1990,8(Suppl):S47--
549,

Waite NM, Thomson LG, Goldstein MB. Successful vaccination with intradermal hepatitis B vaccine in hemodialysis patients
previously nonresponsive to intramuscular hepatitis B vaccine. J Am Soc Neplzol 1995;5:1930--4.

Chang PC, Schrander-van der Meer AM, van Dorp WT, van Leer B. Intracutanieous versus intramuscular hepatitis B vaccination in
primary non-responding haemodialysis patients. Nephrol Dial Transplant 1996;11:191--3.

Swan AM, DeVita MV. Higher response rate to hepatitis B vaccination observed in chronic hemodialysis patients [Letter]. Clin
Nephrol 1997:47:207--8, )

Radovie MM, Ostric V, Djukanovic L), Compiete seroconversion after vaccination against hepatitis B virus in hemodialysis
patients [Letter}, Clin Nephrol 1697;47:206.

Navarro JF, Teruel JL, Mateos M, Ortuno J. Hepatitis C virus infection decreases the effective antibody response to hepatitis B
vaceine in hemodialysis patients. Clin Nephrol 1994;41:113--6.

Kamel M, Bl Manialawi M, Miller DF. Recombinant hepatitis B vaccine immunogenicity in presence of hepatitis C virus
seropositivity [Letter]. Lancet 1994;343:552.

Cheng C-H, Fuang C-C, Leu M-L, Chiang C-YF, Wu M-S, Lai P-C. Hepatitis B vaceine in hemodialysis patients with hepatitis C
viral infection. Vaccine 1997;15:1353--7.

Fraser GM, Ochana N, Fenyves D, et al. Increasing serun: creatinine and age reduce the response to hepatitis B vaccine in renal
failure patients. J Hepatol 1994;21:450--4.

Seaworth B, Drucker J, Starling J, Drucker R, Stevens C, Hamilton J. Hepatitis B vaceine in patients with chronic renai failure
before dialysis. J Infect Dis 1988;157:332--7.

Dukes CS, Street AC, Starling JF, Hamilton JD. Hepatitis B vaccination and booster in predialysis patients: a 4-year analysis.
Vaccine 1993;11:1229--32.

Callis LM, Clanxet J, Fortuny G, Caballeria ¥, Carrasco JL., Lardinois R. Hepatitis B virus infection and vaccination i children
undergoing hemodialysis. Acta Paediatr 1985;74:213--8.

Drachman R, Isscsohn M, Rudensky B, Druicker A. Vaccination against hepatitis B in children and adolescent patients on dialysis.
Nephro! Dial Transplant 1989,4:372--4,

Watkins SL, Hogg RJ, Alexander SR, Brewer ED, Bailey SM, Burns JL. Response to recombinant hepatitis B vaccine
(Recombivax HB®) in children with chronic renal faflure, [Abstract 14P). J Am Soc Nephrol 1994,5:344,

Vazquez G, Mendoza-Guevara L, Alvarez T, et al. Comparison of the response to the recombinant vaccine against hepatitis B virus
in dialyzed and nondialyzed children with CRF using different doses and routes of administration. Adv Perit Dial 1597,13:291--6.
Szmuness W, Stevens CE, Harley EJ, et al, Hepatitis B vaccine: demonstration of efficacy in a controlled clinical triaf in a high-
risk population in the United States. N Engt J Med 1980;303:833-41.

Hadler SC, Francis DP, Maynard JE, et al. Long-term: immunogenicity and efficacy of hepatitis B vaccine in homosexual men. N
Engl J Med 1986;315:209.-14,

Crosnier J, Fangers P, Couroucé A-M, et al. Randomised placebo-controlied trial of hepatitis B surface antigen vaccine in French
haemodialysis units: II, haemodialysis patients. Lencet 1981;1:767--800.

Desmyter I, Colaert I, De Groote G, et al, Efficacy of heat-inactivated hepatitis B vaccine in haemodialysis patients and staff:
double-blind placebo-controlled trial. Lancet 1983;2:1323--8.

Miller ER, Alter MJ, Tokars J1. Protective effect of hepatitis B vaccine in chronic hemodialysis patients. Am J Kidney Dis
1999:33:356--60,

Alter MJ, Favero MS, Francis PP. Cost benefit of vaccination for hepatitis B in hemodialysis centers. J Infect Dis 1983;148:770--
1.

CDC. Hepatitis B virus: a comprehensive strategy for eliminating transmission in the United States through universal childhood
yacoination--Tecommendations of the Immunization Practices Advisory Corumiitee (ACIP). MMWR 1991:40(No. RR-13%:1--25,
Rawer P, Willems WR, Breidenbach T, Guttmann W, Pabst W, Schiltterle G. Seroconversion rate, hepatitis B vaccination,
hemodialysis, and zinc suppiementation. Kidney Int 1987;32(Suppl 22:8149--5152.

Mettang T, Weber J, Schenk U, Machleidt C, Kuhlmann U. Intradermal hepatitis B vaccination in nonresponsive hemodialysis
patients [Letier]. Ren Fail 1993;15:655--6.

Rault R, Freed B, Nespor S, Bender F. Efficacy of different hepatitis B vaccination strategies in patients receiving hemodialysts.

hitp://www.cde.govimmwr/preview/mmwrhtml/rr50035al hitm 12/14/2010



Recommendations for Prever ~ 3 Transmission of Infections Among Chr~uic Hemodia... Page 22 of 30
e ‘o

93.
94,

95,
56.
97.
98.
99.
100.
101,
102,
103.
104,

105,
106.

107.
108.
109
110,
111
112,
113.
114.
115.
116.
117
118.

119
120,
121.
122,
123,
124,
125,

126.

ASATO J 1995;41:M717--M719.

Haubitz M, Fhlerding G, Beigel A, Heuer U, Hemmerling AE, Thoma HA. Clinical experience with a new recombinant hepatitis-B
vaccine in previous non-responders with chronic renal insufficiency. Clin Nephrot 1996;45:180--2.

Fabrizi F, Andrulli S, Bacchini G, Corti M, Locatelli F. Intraderinal versus intramuscular hepatitis B re-vaccination in non-
responsive chronic dialysis patients: a prospective randomized study with cost-effectiveness evaluation. Nephrol Dial Transplant
1997;12:1204--11.

Wainwright RB, McMahon BJ, Bulkew LR, et al. Duration of immunogenicity and efficacy of hepatitis B vaccine in a Yupik
Eskimo population, JAMA 1989;261:2362--6.

West DJ, Calandra GB. Vaccine induced immunologic memory for hepatitis B surface antigen: implications for policy on booster
vaceination [Review]. Vaccine 1996;14:1019--27.

Mahoney FJ, Stewart K, Hu H, Coleman P, Alter M. Progress toward the elimination of hepatitis B virus ransmission among
health care workers in the United States. Arch Intern Med 1997;157:2601--5.

Yuen M-F, Lim W-L, Cheng C-C, Lam $-K, Lai C-L. Twelve-year follow-up of a prospestive randornized trial of hepatitis B
recombinant DNA yeast vaccine versus plasma-derived vaccine without booster doses in children. Hepatology 1999;29:924--7.
Grob PJ, Binswanger U, Zaruba K, et al. Fmmunogenicity of a hepatitis B subunit vaccine in hemodialysis and in renal transplant
recipients. Antiviral Res 1983;3:43--52.

Jilg W, Schmidt M, Weinel B, et al. Immunogenicity of recombinant hepatitis B vaccine in dialysis patients. ¥ Hepato] 1986;3:190-

Pasko MT, Bartholomew WR, Beamn TR Jr, Amsterdam D, Cunningham EE. Long-term evaluation of the hepatitis B vaccine
(Heptavax-B) in hemodialysis patients. Am J Kidney Dis 1988;x1:326-31.

Fabrizi ¥, Di Filippo S, Marcelli D, et al. Recombinant hepatitis B vaccine use in chronic hemodialysis patients: long-term
evaluation and cost-effectiveness analysis. Nephron 1996;72:536--43.

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 1997,28:239--45.

Oliveira PMC, Silva AE, Kemp V1, Juliano ¥, Ferraz ML. Comparison of three different schedules of vaccination against hepatitis
B in heaith care workers. Vaccine 1995;13:791--4.

Yamashiki M, Kosaka Y, Nishimura A. An effective intradermal hepatitis B vaccination, Vaccine 1997;15:1618--23.

Cardell K, Frydén A, Normann B. Intradermal hepatitis B vaceination in health care workers. Response rate and experiences from
vaccination in clinical practice. Scand J Infect Dis 1999;31:197-.200,

Alter MJ, Hadler SC, Fudson FN, et al. Risk factors for acute non-A, nor-B hepatitis in the United States and association with
hepatitis € virus infection, JAMA 1990,264:2231--5.

Donahue JG, Mufioz A, Ness PM, et al. The declining risk of post-transfusion hepatitis C virus infectior. N Engl J Med
1992;327:369--73.

Niu MT, Coleman PJ, Alter MJ. Muiticenter study of hepatitis C virus infection in chronic hemodialysis patients and hemodialysis
center staff members. Am J Kidney Dis 1993;22:568--73.

Fabrizi F, Martin P, Dixit V, et al. Acquisition of hepatitis C virus in hemodialysis patients: a prospective study by branched DNA
signai amplification assay. Am J Kidney Dis 1998;31:647--54.

Zeldis 1B, Depner TA, Kuramoto IK, Gish RG, Holland PV. The prevalence of hepatitis C virus antibodies among hemodialysis
patients. Ann Intern Med 1990;112:958--60.

Hardy NM, Sandroni §, Danielson 8, Wilson W, Antibody to hepatitis C virus increases with time on hemodialysis. Clin Nephrol
1992:38:44--8.

Jonas MM, Zilleruelo GE, LaRue S, Abitbol C, Strauss J, Lu Y. Hepatitis C infection in a pediatric dialysis population. Pediatrics
1992,89:707--9.

Moyer LA, Alter MY, Hepatitis C virus in the hemodialysis setting: a review with recommendations for control. Semin Dial
1994;7:124--7,

Selgas R, Martinez-Zapico R, Bajo MA, et al. Prevalence of hepatitis C antibodies (HCV)} in a dialysis population at one center.
Perit Dial Int 1992;12:28--30.

CBC. Recommendations for prevention and control of hepatitis € virus {HCV) infection and HCV.
MMWR 1998:47(No. RR-19):1--39,

Chan TM, Lok ASF, Cheng IKP, Chan RT. Prevalence of hepatitis C virus infection in hemodialysis patients: a longitudinal study
comparing the results of RNA and antibody assays. Hepatology 1993;17:5--8,

Sampietro M, Satvadori 8, Corbetta N, Badalamenti S, Graziani G, Fiorelli G. Single-tube reverse transcription and heminested
polymerase chain reaction of hepatitis C virus RNA to detect viremia in seroogically negative hemodiaiysis patients. Int J Clin Lab
Res 1995:25:52--4,

Stuyver L, Claeys H, Wyseur A, et al. Hepatitis C virus in a hemodialysis unit: molecular evidence for nosccomial transmission,
Kidney Inf 1996;49:880--95.

Schriter M, Feucht H-H, Schifer P, Z6lner B, Laufs R. High percentage of seronegative HCV infections in hemodialysis patients:
the need for PCR. Intervirology 1997;40:277--8.

Le Pogam §, Le Chapois D, Christen R, Dubois F, Barin F, Gaudeau A. Hepatitis C in 2 hemodialysis unit: molecular evidence for
nosocomial transmission. J Clin Micro 1998;36:3040--3,

Alter HI, Jett BW, Polito AJ, et al. Analysis of the role of hepatitis C virus in transfusion-associated hepatitis, In: Hoilinger FB,
Lemon SM, Margolis H, eds. Viral hepatitis and liver disease. Baltimore, MD: Williams & Williams, 1991:396--402,

Alter HI, Seeff LB. Recovery, persistance, and sequelae in hepatitis C virus infection: a perspective on long-term. ouicorne. Semin
Liver Dis 2000;20:17--35.

Pol S, Remeo R, Zins B, et al. Hepatitis C virus RNA in anti-HCV positive hemodialyzed patients: significance and therapsutic
implications. Kidney Int 1993;44:1097--100.

Gubertini G, Scorza D, Beocari M, et al. Prevalence of hepatitis C virus antibodies in hemodialysis patients in the area of Milan.
Nephron 1992:61:271--2.

Bukh J, Wantzin P, Krogsgaerd K, Knudsen F, Purcell RH, Miller RH, and the Copenhagen Dialysis HCV Study Group. High

-related chronic disease.

http://www.cde.gov/mmwr/preview/mmwrhiml/rr5005al.htm 12/14/2010



Recommendations for Prever g Transmission of Infections Among Chr~uic Hemodia.., Page 23 of 30

127,
128,
129.
130.
135

132,
133,
134,
135.
136,
137.
138
139.
140,
141,
142,
143.
144,
145.
146,
147.
148.
149,
150,
151
152,
153.
154.

155,

156.

157.
158,

159,
160.

prevatence of hepatitis C virus (HCV) RNA in diatysis patients: failure of commercially available antibody tests to identify a
significant number of patients with HCV infection. J Infect Dis 1993;168:1343.-8,

Sakamoto N, Enomoto N, Marumo F, Sato C. Prevalence of kepatitis C virus infection among long-term hemodialysis patients:
detection of hepatitis C virus RNA in plasma. J Med Virol 1993;39:11--5,

Picciotto A, Varagona G, Gurreri G, et al. Anti-hepatitis C virus antibodies and hepatitis C virus viraemia in haemodialysis
patients. Nephro! Dial Transplant 1993;8:1115--7.

Silini B, Bono F, Cerino A, Piazza V, Solcia E, Mondeili MU. Virological features of hepatitis C virus infection in hemodialysis
patients. J Clin Microbiol 1993;31:2913--7.

Kuhns M, de Medina M, McNamara A, et al. Detection of hepatitis C virus RNA in hemodiatysis patients. J Am Soc Nephrol
1994:4:1491--7,

Oliva JA, Breilla G, Mallafre JM, Bruguera M, Carrid 1, Pereira BJ. Markers of hepatitis C infection among hemodialysis patients
with zcute and chronic infection: implications for infection control strategies in hemodialysis units. Int J Artif Organs 1995;18:73--
7.

Dussol B, de Lamballerie X, Brunet P, et al, Is hepatitis C virus-RNA detection by nested polymerase chain reaction clinically
relevant in hemodialysis patients? Clin Nephrol 1996;45:257--60.

Pujol FH, Ponce JG, Lema MG, et al. High incidence of hepatitis C virus infection in hemodialysis patieats in units with high
prevalence. J Clin Microbiol 1996;34:1633--6,

Caramelo C, Bartolomé J, Albalate M, et al. Undiagnosed hepatitis C virus infection in hemodialysis patients: value of HCV RNA
and Hver enzyme levels. Kidney Int 1996;50:2027--31.

Fabrizi ¥, Lunghi G, Andrulli S, et al. Influence of hepatitis C virus (FCV) viraemia upon serum aminotransferase activity in
chronic dialysis patients. Nephrot Dial Transplant 1997;12:1394--8.

Cristina G, Piazza V, Efficace F, et al. A survey of hepatitis C viras infection in haemodialysis patients over a 7-year follow-up,
Nephrol Dial Transplant 1997;12:2208--10.

Koff RS, Dienstag JL. Extrahepatic manifestations of hepatitis C and the association with afcoholic liver disease. Semin Liver Dis
1995;15:101--9.

Alter MJ, Kruszon-Moran D, Nainan OV, etal. The prevalence of hepatitis C virus infection in the United States, 1988 through
1994, N Engl 7 Med 1999;341:556--62.

Bukh J, Miller RH, Purcell RH. Genetic heterogeneity of hepatitis C virus: quasispecies and genotypes. Semin Liver Dis
1995;15:41--63.

McHutchinson JG, Gordon SC, Schiff ER, et al. Interferon alfz-2b alone or in combination with ribavirin as injtial treatment for
chronic hepatitis C. N Engl J Med 1998;339:1485--G2.

Nationa} Institates of Health. Chronic hepatitis C: current disease management. Available on the Internet at

<http:fwww.niddk.nih. sov/health/digest/pubs/chimbens /chrnchepe htm>. Accessed January 11, 2001

Zacks S, Fried MW, Hepatitis C and renal disease. In: Liang TJ, Hoofnagle JH, eds. Hepatitis C: biomedical research reports. San
Diego, CA: Academic Press, 2000:329--49.

Alter M, Margolis HS, Krawozynski K, et al, and the Sentinel Counties Chronic Non-A, Non-B Hepatitis Study Team. The natural
history of community-acquired hepatitis C in the United States. N Engl J Med 1992;327:1899--1905.

Ridzon R, Gallagher X, Ciesielski C, et al. Simultaneous transmission of human immuncdeficiency virus and hepatitis C virus
from a needie-stick injury. N Engl ¥ Med 1997;336:919--22.

CDC. Public Health Service inter-agency guidetines for screening dongrs of blood, plasma, organs. tissue, and semen for evidence
of hepatitis B and hepatitis C. MMWR, 1991:40(No. RR-4):1--17.

Kleinman S, Alter HJ, Busch M, et al. Increased detection of hepatitis C virus (BCV)-infected blood donors by a multiple-antigen
HCV enzyme immunoassay. Transfusion 1992;32:805--13.

Bouchardeau F, Chauveau P, Le Marrec N, Girault A, Zins B, Courcucé AML Detection of hepatitis C virus by polym erase chain
reaction in heemodialysed patients in relationship to anti-HCV status. Res Virol 1993;144:23342.

Seelig R, Renz M, Botiner C, Seelig HP. Hepatitis C virus infections in dialysis units: prevalence of HCV-RNA and antibodies to
HCV. Ann Med 1994:26:45--52.

Al Meshari X, Al Ahdal M, Alferayh O, Ali A, Devol E, Kessie G. New insights into hepatitis C virus infection of hemodiaylsis

. patients: the implications. Am I Kidney Dis 1995;25:572--8.

Fabrizi F, Lunghi G, Pagliari B, et al. Molecular epidemiology of hepatitis C virus infection in diaysis patients. Nephron
1997;77:190--6.

Umlauft F, Gruenewsld K, Weiss G, et al. Patterns of hepatitis C viremia in patients receiving hemodialysis, Am J Gastroenterol
1997,92:73--8.

Schnecherger PM, Keur I, van der Vliet W, et al. Hepatitis C virus infections in dialysis centers in the Netherlands: a national
survey of serological and molecular methods. J Clin Microbiol 1998:36:1711--5,

Casanovas Taltavull T, Baliellas C, Sesé E, et al. Interferon may be useful in hemodialysis patients with hepatitis C virus chronic
infection who are candidates for kidney transplant. Transpiant Proc 1995;27:2228--30.

Daiekos GN, Boumba DS, Katopodis K, ot al. Absence of HCV viraemia in anti-HCV-negative haemodialysis patients. Nephrol
Dial Transplant 1998;13:1804--6.

Davis GL, Lau JY-N, Urdea MS, et al. Quantitative detection of hepatitis C virus RNA with & solid-phase signal amplification
method: definition of optimal conditions for specimen collection and clinical application in interferon-treated patients. Hepatology
1994;19:1337-.41.

Roth WK, Lee I.H, Riister B, Zenzem S, Comparison of two quantitative hepatitis C virus reverse franseriptase PCR assays. J Clin
Micro 1996;34:261--4.

Pawlotsky }-M. Measuring hepatitis C viremia in clinical samples: can we trust the assays? [Review] Hepatology 1997 ;26:1--4.
Hadler SC, Fields HA. Hepatitis delta virus. In: Belshe RB, ed. Textbook of Humar virology, 2nd ed. St Louis, MO: Mosby Year
Book, 1991:749--65.

Lettau LA, Alfred HI, Glew RH, et al. Nosocomial transmission of delta hepatitis. Ann Intern Med 1986;104:631--5.

Velandia M, Fridkin SK, Cardenas V, et al, Transmission of HIV in dialysis centre, Lancet 1995,345:1417--22.

http://www .cde.gov/immwr/preview/mmwrhtml/rr5005al .htm 12/14/2010



Recommendations for Prever ‘g Transmission of Infections Among Chr~aic Hemodia... Page 24 of 30
1 R

161,
162,

163
164,

163,
166.
167.
168,
169,
i70.
171
172
173,
174,
i7s.
176.
.
178,

179,
180.

18L

i82.
183

184
i85,
186,
187.
188.
189.
190,
191.
192.
193.
194,
195.
1%6.

197.

Sulkowski MS, Thomag DL, Chaisson RC, Moore RD). Hepatofoxity associated with antiretroviral therapy in adults infected with
humear immunodeficiency virus and the role of hepatitis C or B virus infection. JAMA 2000;283:74--80.

Keane WF, Shapiro FL, Raji L. Incidence and type of infections ocourring in 445 chronic hemodialysis patients. Trans Am Soc
Artif Intern Qrgans 1977;xxiii:41--7.

Dobkin JF, Miller MH, Steigbigsl NH. Septicemia in patients on chronic hemodiatysis. Ann Intern Med 1978;88:28--33.
Kaplowitz LG, Comstock JA, Landwehr DM, Dalton HP, Mayhall CG. A prospective study of infections in hemodialysis patients:
patient hygiene and other risk factors for infection, Infect Control Hosp Epidemiol 1988;9:534--41.

Kessler M, Hoen B, Mayeux D, Hestin D, Fontenaille C. Bacteremia in patients on chronic hemodialysis: a multicenter prospective
survey. Nephron 1993;64:95--100.

Bloembergen WE, Port FK. Epidemiological perspective on infestions in chronic dialysis patients. Adv Ren Replace Ther
1995;3:201--7. ‘

Bonoemo RA, Rice D, Whalen C, Linn D, Eckstein E, Shiaes DM, Risk factors associated with permanent access-site infections in
chronic hemodialtysis patients. Infect Control Hosp Epidemiol 1997;18:757--61.

Hoen B, Paul-Dauphin A, Hestin D, Kessler M. EPIBACDIAL: a multicenter prospective study of risk factors for bacteremia in
chronic hemodialysis patients. ¥ Am Soc Nephrol 1998;%:869--76.

Tokars JI, Light P, Armistead N, et al. Surveillance for infections in hemodialysis patients: a pilot study {Abstract]. Infect Control
Hosp Epidemiol 2000;21:101.

Stevenson KB, Adcox MJ, Mallea MC, Narasimhan N, Wagnild JP. Standardized surveillance of hemodialysis vascular access
infections: 18-month experience at an outpatient, muitifacility hemodialysis center. Infect Control Hosp Epidemiol 2000;21:200--3,
Tokars JI, Alter MJ, Arduino MI. Nosocomial infections in hemodialysis units: strategies for control. In: Owen WF, Pereira BIG,
Sayegh MH, eds. Dialysis and transplantation: a companion to Brenner and Rector's THE KIDNEY. Philadelphia, PA: W.B.
Saunders Company, 2000, 337--57.

Churchill DN, Faylor DW, Cook RJ, et al. Canadian hemodiaiysis morbidity study. Am J Kidney Dis 1992;xix:214--34.

Fan P-Y, Schwab SJ. Vascular access: concepts for the 1990s [Review], J Am Soc Nephrol 1992;3:1--11.

Besarab A, Bolton WK, Browne JK, et al. The effects of normal as compared with low hematocrit values in patients with cardiac
disease who are receiving hemodialysis and epoetin. N Engt J Med 1998;339:584--90.

Powe NR, Jaar B, Furth SL, Hermann J, Briggs W. Septicemia in dialysis patients: incidence, risk factors, and prognosis. Kidney
int 1999;55:1081--80.

CDC. Qutbreaks of gram-nesative bacterial bloodstream infections fraced to probable contaminatien of hemodialysis machines..-
Canada, 1995: United States, 1997, and lsrael, 1997, MMWR 1998:47:35--9.

Grohskopf LA, Roth VR, Feiken D, et al. Serratia quifaciens blocdstream infections and pyrogenic reactions associated with
exirinsically contaminated erythropoetin [Abstract]. Infect Control Hosp Epidemiol 2060;21:136.

Shay DK, Maloney SA, Montecalve M, et al. Epidemiology and mortality risk of vancomyoin-resistant enterococeal bloodstream
infections, J Infect Dig 1995;172:993--1660.

Tarvis WR. The epidemiology of colenization. Infect Control Hosp Epidemiol 1996;17:47--52.

National Kidney Foundation. Dialysis ouicomes quality initiative. Clinical practice guidelines. Am J Kidney Dis 1997:30(Suppl
3):8137--5240. Available on the Internet at <http://www kidnev,org>.

Smith TL, Pearson ML, Wilcox KR, ef al. Emergence of vancomycin resistance in Staphwlococeus aureus. Glycopeptide-
Intermediate Staphylococcus aureus Working Group. N Engl J Med 1669;340:493--301.

CDC. Stuphviococcus aurens with reduced susceptibility to vancomycein---Illinois, 1999. MMWR 1999:48;1165--7.

Raad I, Alrahwan A, Rolston K. Staphylococeus epidermidis: emerging resistance and need for alternative agents. Clin Infect Dis
1998;26:1182--7,

Garrett DO, Jochimsen E, Murfitt K, et al. The emergence of decreased susceptibility to vancomycin in Staphylococcus
epidermidis. Infect Controt Hosp Epidemiol 1999;20:167--70.

Uttley AFHC, George RC, Naidoo I, et al. High-level vancomycin-resistant enterococci causing hospital infections. Epidemicl Infect
1989;103:173--81.

Stroud L, Bdwards J, Danzig L, Culver D, Gaynes R, Risk factors for mortality associated with enterococcal blood stream
infections. Infect Control Hosp Epidemiol 1996;17:576--80.

Singer DA, Jochimsen EM, Gielerak P, Jarvis WR. Pseudo-outbreak of Enferococcus durans infections and colonization associated
with introduction of an automated identification system software update. J Clin Microbio] 1996;34:2685--7.

Fishbane S, Cunha BA, Mittal SK, Ruggian 1, Shea ¥, Schoch PE. Vancomycin-resistant enterocecei in hemodialysis patients is
refated to intravenous vancomyecin use [Letter]. Infect Control Hosp Epidemiol 1999;20:461--2,

Tokars JI, Gehr T, Parrish I, Qaiyumi S, Light P, Vancomycin-resistant enterocei colonization at selected outpatient hemodialysis
centers [Abstract]. Infect Control Hosp Epidemiol 2000;21:101.

Fogel MA, Nussbaum PB, Feintzeig 1D, Hunt WA, Gavin JR, Kim RC. Cefazolin in chronic hemodialysis patients: a safe,
effective alternative to vancomycin, Am J Kidney Dis 1998;32:401--9,

Brady JP, Snyder YW, Hasbargen JA. Vancomyein-resistant enterococcus in end-stage renal disease. Am J Kidney Dis
1998;32:415--8,

Snydman DR, Bryan JA, London W'T, et al. Transmission of hepatitis B asscciated with hemodialysis: role of malfunction (blood
leaks) in dialysis machines. J Infect Dis 1976;134:562--70.

Favero MS, Bond WW. Chemical disinfection of medical and surgical materials. In: Block S8, ed. Disinfection, sterilization, and
preservation, 5th ed. Philadelphiza, PA: Lippincott, Wiliiams & Wilkins, 2000: 831--517.

Olsen RJ, Lyreh P, Coyle MB, Cummings J, Bokete T, Stamm WE. Examination gloves as barriers fo hand contamination and
clinical practice. JAMA 1993,270:350--3.

Garner JS and the Hospital Infection Control Practices Advisory Committes. Guidetine for isolation precautions in hospitals. Infect
Contrel Hosp Epidemiol 1996;17:53--80. Available on the Internet at <httpy/www.cde.govincidod/hip>.

American Society of Health-System Pharmacists. AHFS Drug Information 1999, Bethesds, MD: American Society of Health-
Systemn Pharmacists, 1999:1298--9.

US Food and Drug Administration. Medwatch: the FDA medical products reporting program. 2000, Available on the Internet at

http:/fwww .cde.gov/immwr/preview/mmwrhtml/rr5005al .him 12/14/2010



Recommendations for Prever g Transmission of Infections Among Ch=~nic Hemodia... Page 25 of 30

198.

199.

200.
201.

202,

203.

204,

203,
206,

-

*

!

<htip:/fwww. fda govimedwatcly/'safery/2000/safety00. him#epogen™.

Moyer LA, Alter MJ, Favero MS. Hemodialysis-associated hepatitis B: revised recommendations for serologic seresning. Semin
Dial 1990;3:261..4,

CDC. immunization of health-care workers: recommendations of the Advisory Committee on Immunization Practices {ACIP} and
the Hospital Infection Control Practices Advisory Committee (HICPACY) MMWR 199746
CDC, Update: recommendations to provent hepatitis B virus transmission---United States. MMWR 1995:44:574.-5.

CDC. Recommendations for HIV testing services for inpatients and outpatients in acate-care hospital settings. MMWER 1993:42
(No. RR-23:1--6.

CDC. Recommendations for preventing the spread of vancomycin resistance: recommendations of the Hosbitai Infection Control
Practices Advisory Committee (HICPACY MMWR 1995:44(No. RR-12%1--13.

Title 42: Public health; Chapter IV: Health Care Financing Administration, Department of Health and Human Services; Patt 405:
Federal health insurance for the aged and disabled; Sections: 405.2136, 405.2140, 405.2150, and 405.2161. 42 CFR 405 (1998).
Bolyard EA, Tablan OC, Williams WW, et al, and the Hospital Infection Control Practices Advisory Committee. Guideline for
infection control in health care personnel, 1998. Am J Infect Control 1998;26:289--354, Available on the Internet at
<htio:fwww.cde.govineidod/hip=>

Title 29; Labor; Part 1910: Occupational safety and health standards; Section: 1910,1030, 29 CFR 1910.1030 (2000}

Rangel MC, Coronado VG, Euler GL, Strikas RA, Vaccine recommendations for patients on chronic dialysis. Semin Dial
2000,13:101--7.

Suggested Readings
Cleaning, disinfection, sterilization, and monitoring of hemedialysis fluids and equipment.

Favero MS, Tokars JI, Arduino MJ, Alter MJ. Nosocomial infections associated with hemodialysis. In: Mayhall CG, ed. Hospital
epidemiology and infection control, 2nd ed. Philadelphia, PA: Lippincoft, Williams & Wilkins, 1999:897--917,

Tokars I, Alter M, Arduine MJ. Nosocomial infections in hemodialysis units: strategies for controf. In: Owen WF, Percira BJG,
Sayegh MH, eds. Dialysis and transplantation: a companion to Brenner and Rector's THE KIDNEY. Philadelphia, PA: W.B.
Saunders Company, 200(:337--57.

Association for the Advancement of Medical Instrumentation. AAMI standards and recommended practices, vol. 3: dialysis.
Aslington, VA: Association for the Advancement of Medical Instrumentation, 1998,

General information on cleaning and disinfection.

Favero MS, Bond WW. Chemical disinfection of medical and surgical materials. In: Block S8, ed. Disinfection, sterilization, and
preservation, 5th ed. Philadelphia, PA: Lippincott, Williams & Wilkins, 2000:881--917.

CDC. Guideline for handwashing and hospital environmental control, 1985. Atlanta, GA: US Department of Health and Human
Services, Public Health Service, CDC. Available on the Internet at <htin:/fwww.cde.povicidod/hip/Guide/handwash htm>.

General information on vancomycin-resistart enterocoeci epidemiology and control in hospitals.

CDC, Recommendations for preventing the spread of vancomycin resistance: recommendations of the Hospital Infection Cantrol
Practices Advisory Committee (HICPAC). MMWR 1895;44(No. RR-12):1--13. Available on the Intemet at

<http:fwww.cde, gov/meidod/hip=,

Hepatitis C virus infection.

CDC. Recommendations for prevention and control of hepatitis C virus (HCV) infection and HCV-related chronic disease.
MMWR 1998;47(No. RR-19):1--33. Available on the Internet at <hiipy/fwww.cdc. gov/hepatitis>.

Preventing infections in patients with central venous hemodialysis catheters.

National Kidney Foundation. Dialysis outcomes quality initiative. Clinical practice guidelines. Am I Kidney Dis 1997;30(Suppl
3)1:8137--§240. Available on the Internet at <http://www.kidney.org>.

Pearson ML, Hierholzer WJ Jr, Garner IS, et al, Guideline for prevention of intravascular device-related infections: part 1.
Intravascular device-related infections: an overview, Am J Infect Controf 1996;24:262--77. Available on the Internet at

<httpuffwww.cde. gov/mcidod/hin=.

http://www .cde.gov/mmwr/preview/mmwrhtml/r5005al htm 12/14/2010



Recommendations for Prever ~ ¢ Transmission of Infections Among Chrruic Hemodia... Page 26 of 30

!

« Standard Precautions and infection contrel precautions for hospitalized patients.

Garner IS and the Hospital Infection Control Practices Advisory Committee. Guideline for isolation precautions in hospitals. Infect
Contrel Hosp Epidemiol 1996;17:53--80, Available on the Internet at <http:/fwww.cde govincidod/hip=.

+ Summaries of outbreaks in hemodialysis unifs and recommendations to prevent similar outbreaks.

Favero MS, Tokars JI, Arduino MJ, Alter MJ, Nosocornial infections associated with hemodialysis. In: Mayhall CG, ed. Hospital
epidemioiogy and infestion control, Znd ed. Philadelphia, PA: Lippincott, Williams & Wilkins, 1999:897--917.

Tokars JI, Alter MJ, Arduino MJ. Nosccomial infections in hemodialysis units: strategies for control. In: Owen WF, Pereira BJG,
Sayegh MH, eds. Dialysis and transplantation: a companion to Brenner and Rector's THE KIDNEY. Philadelphia, PA: W.B.

Saunders Company, 2000:337-.57.

+ Tuberculosis skin testing and treatment of patients with active disease.

CDC. Guidelines for preventing the transmission of Mycobacterium tuberculosis in health-care facilities, 1994, MMWR 1994;43
(No. RR-13):1--32, Available on the Internet at <http://www.cde. govimmwi/preyiew/mmwrhiml/00035909. htm>,

Tokars JI, Mitler B. Tubercufin skin testing of ESRD patients [Letfer]. Am J Kidney Dis 1997:30:456--7.

+ Vaccination and other health-care worker topics.

CDC. Immurization of health-care workers: recommendations of the Advisory Cotnmittee on Jmmunization Practices (ACIP) and
the Hospital Infection Control Practices Advisory Committee (HICPAC). MMWR 1997:46{No. RR-18):1--42. Available on the
Internet at <bttp:fwww.cde. govineidod/hip>.

Bolyard EA, Tablan OC, Williams WW, et al, and the Hospital Infection Control Practices Advisory Committee. Guideline for
infection control in health care personnel, 1998, Am J Infect Control 1998;26:289--354, Available on the Internet at
<http:/fwww.cde.govineidod/hig>.

» Vascular access skin site preparation and aseptic technique.

National Kidney Foundation. Dialysis outcomes qualify injtiative. Clinical practice guidelines. Am J Kidney Dis 1997;30(Suppl
3):S137--8240, Available on the Internet at <htip:/fwww.kidney org™.

* Hemodialysis units interested in participating in a formal surveillance system for bacterial infections should consult CDC's Surveiilance for Bicodstream and
Vascular Access Infections in Outpatient Hemodiatysis Centers, More information is available on the Internet at

<httn:/fwwecde sovineidod/hin/ialvsis/DSN manual 2DF>.

Table 1

http://www.cde.gov/mmwr/preview/mmwrhtml/rr5005al .htm 12/14/2010



Recommendations for Prever ™ g Transmission of Infections Among Chronic Hemodia... Page 27 of 30

TABLE 1. Interpretation of serologic test resuits for hepatitis B virus infection

Seroiogic Markers Interpretation

HBsAg* Total e Anti-HBs'
Anti-HBe'  Anti-HBc

~ - - - Susceptible, never infected

+ - - - Acute infection, early
incubation**

+ + + - Acute infection

- " + - Acute resolving infection

- * - + Pagt infection, recovered
and immune

+ + - - Chronic infection

- + - - False positive (i.e., susceptible),

past infaction, or “low-levet”
chronic infection

- - - + Immune if titer is > 10 mil/mL

* Hapatitis B surface antigen.

t Antihody to hepatitis B core antigen.

¥ immunoglobutin M.

£ Antibody to hepatitis B surface antigen.

*«Transient HBsAg positivity (lasting <18 days) might be detected in some patients during
vaccination.

Return to fop,
Table 2

TABLE 2. Disinfection procedurss recommended for commonly used items or surfaces
in hemaodialysis units

Low-Level lntermediate-Level
item or Surface Disinfestion* Disinfection™
Gross blood spills or items sontaminatad
with visible blood X
Hemaodialyzer port caps X
interior pathways of dialysis machine X
Water treatment and distribution system X Xt
Scigsors, hemostats, clamps, bloed .
pressure cuffs, stethoscopes X XF
Environmental surfaces, including extericr
surfaces of hemodialysis machines X

# Careful mechanical cleaning to remove debris should always be done before disinfection.

* Water treatment and distribution systems of dialysis fiuid concentrates require more extencive
disinfection if significant biofilm is present within the systerm.

S If itamn is visibly contaminated with blood, use a tuberculosidal disinfectant,
Return to top,

Table 3
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TABLE 3. Doses and schedules of licensed hepatitis B vaccines for hemodialysis patients

and staff members
Recombivax HB™¥ Enqerix-B*!
Group Dose Volume  Schedule Dose Volume  Schedule
Fatients aged »20 years
Predialysis! 10 ug 1.0 mb 0, 1, and 20 pg T1.8mL 0, 1, and
B months & months
Dislysis-dependent 40 gy 1.0 mlL1 0, 1, and 48 g 2-10ml 0.1,2,and
& months doses at § months
one site
Patignts aged <20 years®* 5 ug 0.5 mL 0, 1, and 16 ug 0.5 mb 0, 1, and
6 mnths ] & manths
S1aif miembers 10 pg 1.0mL 0,1, and 20 ug 1.0mL 0,1, and
aged =20 years 6 months 8 months

* Merck & Company, inc.,, West Point, Pennsylvania,
t smithiline Beacham Biclogicsls, Philadelphia, Pennsylvanta.
5 immunagenicity might depend on degree of renal insufficiency.

1 Special formulation.
#% Doses for all persons aged <20 years approved by the U5, Food and Drug Administration; for hemodialysis

patients, higher doses might be more immunagenic,
Mote: All doses should be administered in the deltoid by the intramuseular routs.

Return fo top.

Box

BOX. Components of a comprehensive infection control program to prevent transmis-
sion of infections among chronic hemodialysis patisnts

= Infection control practices for hemodialysis units.

- Infection control precautions specificaily designed to prevent transmission
of bloodborne viruses and pathogenic bacteria among patients.

- Routine serologlc testing for hepatitis B virus and hepatitis C virus infections.
- Vaccination of susceptible patients against hepatitis B.
- Isolation of patients who test positive for hepatitis B surface antigen.

+ Surveillance for infections and other adverse events.

+ Infection control training and education.

Retun {0 top.
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Figure

FIGURE. Algorithm for hepatitis € virus {HCV} infection testing among persons who
are asymptomatic
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