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Disease: Viral infections and their associated illnesses acquired in the hospital or other 
health care facility. 

Etiologic Agents: Gastroenteritis viruses (Norwalk and Norwalk-like viruses, Rotavirus); 
viral hemorrhagic fever viruses (Lassa virus, Ebola and Marburg viruses, Congo
Crimean hemorrhagic fever virus); hepatitis viruses (hepatitis A virus, hepatitis B 
virus, non-A and non-B viruses; herpes viruses (cytomegalovirus, Epstein-Barr vi
ruses, herpes simplex viruses, varicella zoster virus); human immunodeficiency virus; 
respiratory viruses (adenoviruses, coronaviruses, influenza viruses, measles virus, 
parainfluenza viruses, respiratory syncytial virus, rhinoviruses); other viruses (en
teroviruses, human parvovirus B19, mumps virus, papilloma virus, rabies virus, ru
bella virus); Creutzfeldt-lakob disease agent; and disinfectants. 

Source: Most nosocomial viral infections are introduced from the community by patients, 
visitors, or health care workers. 

Clinical Manifestations, Pathology, and Laboratory Diagnosis: See chapters for the individ
ual viruses. 

Epidemiology: Nosocomial viral infections are probably common in all groups of hospital
ized patients, but are especially important clinically in infants and young children, 
probably the elderly, and immunocompromised patients. Health care workers are 
important in the nosocomial spread of many viruses. 

Treatment: See chapters on the individual viruses. 
Prevention and Control: Good infection control practices will prevent the nosocomial 

spread of many viral infections and should be practiced at all times. Persons with 
unsuspected infections are often the source of spread. The viral diagnostic laboratory 
should be an active partner in the infection control team. 

Introduction 

Viruses have recently become appreciated as impor
tant causes of nosocomial infections. One group 
demonstrated that viruses are responsible for 1 to 5% 
of nosocomial infections in medical, surgical, and 
gynecologic services, 35% in pediatric services, and 
77% in psychiatric services (Valenti et ai., 1980). The 
highest rate of nosocomial viral infections was identi
fied in the pediatric service (67 of 10,000 admissions). 
Some viruses, such as hepatitis B virus (HBV), are 

primarily a risk to staff; others, such as respiratory 
syncytial virus (RSV) and rotavirus, are primarily a 
risk to patients; still others, such as the cytomega
lovirus (CMV), can reactivate from a latent infection 
and cause disease in immunosuppressed, hospital
ized patients. Under the right circumstances any hu
man pathogenic virus can probably be a nosocomial 
pathogen. 

New viruses, changes in the epidemiology of 
known viruses, new vaccines, antiviral drugs, better 
diagnostic tests, and increasing numbers of immuno-E. H. Lennette et al., Laboratory Diagnosis of Infectious Diseases Principles and Practice
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suppressed patients have made nosocomial viral in
fections an increasingly recognized and ever-chang
ing problem. For example, the increasing rate of 
HBV infection has led to an increased risk to hospital 
and laboratory staff, whereas the risk to patients re
ceiving blood transfusions has decreased because of 
routine screening of blood. Vaccination could elimi
nate most of the risk of nosocomial HBV infection in 
hospital and laboratory staff (Immunization Prac
tices Advisory Committee, 1985). 

With a better understanding of nosocomial viral 
infections has come an opportunity to prevent some 
of them. Good infection control practices can de
crease the risk of nosocomial RSV infections (Gala et 
al., 1986; Gardner et aI., 1973; Hall et al., 1978). 
Infection control practices and vaccination have 
markedly decreased the risk of transmitting HBV in 
renal dialysis units (Alter et aI., 1986). Unfortu
nately, these and other control measures are not ap
plied widely enough. 

The virology laboratory can be used to help im
prove the application of infection control measures. 
Bacteriology laboratories have played an important 
role in controlling nosocomial infections by provid
ing surveillance data on specific organisms, alerting 
staff to the emergence of potential nosocomial patho
gens, and participating in investigations of nosoco
mial outbreaks (Weinstein and Mallison, 1978). The 
viral diagnostic laboratory should follow this exam
ple. The techniques are now available for virology 
laboratories to identify many viral infections (often 
rapidly), monitor their presence in the hospital, and 
alert staff of isolates that might represent nosocomial 
infections. Identifying nosocomial viral infections is 
an important step toward educating hospital staff 
about their importance. 

Furthermore, molecular techniques provide the 
opportunity to clarify the epidemiology of nosoco
mial viral infections. For many viruses, monoclonal 
antibodies, endonuclease restriction studies, and oli
gonucleotide fingerprint studies can be used to differ
entiate among strains and use these differences to 
infer the source of an infection and determine which 
infections are related to an outbreak and which are 
not. 

The purpose of this chapter is to highlight the im
portance of nosocomial viral infections and to point 
out the responsibility that hospital staff, including 
laboratory staff, have to be active participants in 
their control. The sections in this chapter on each 
virus are intended to provide information on their 
importance as nosocomial pathogens, their spread, 
and their control. The last section gives general in
formation on disinfection of the viruses. The chap
ters on the specific viruses should be consulted re
garding information about their biologic, clinical, 
epidemiologic, and diagnostic features. 
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Gastroenteritis Viruses 

Norwalk and Norwalk-Like Viruses 

Although not recognized as common nosocomial 
pathogens, the Norwalk and Norwalk-like viruses 
can cause outbreaks of nosocomial gastroenteritis. 
Outbreaks have been reported from acute- and 
chronic-care facilities (Appleton and Higgins, 1975; 
Judson et aI., 1975; Pether et aI., 1983; Spender et 
al., 1986) and presumably occur when endemic or 
epidemic transmission in the community spreads to a 
hospital or other institution. The community out
breaks occur throughout the year and involve 
schools, camps, recreational areas, restaurants, 
nursing homes, hospitals, and cruise ships (Appleton 
and Higgins, 1975; Baron et al., 1982; Baron et aI., 
1984; Griffin et aI., 1982; Gunn et al., 1982; Judson 
and Molk, 1975; Kaplan et al., 1982a; Kaplan et aI., 
1982b; Kappus et al., 1982; Koopman et aI., 1982; 
Morens et al., 1979; Murphy et al., 1979; Oshiro et 
al., 1981; Taylor et al., 1981; Vogt and Satnik, 1986). 
Nosocomial outbreaks often involve both patients 
and staff and their family members. The outbreaks 
can be explosive, with many persons developing gas
troenteritis over a matter of several days to a week. 

The illness is characterized by acute onset of a 
gastroenteritis, usually 24 to 48 h after exposure, that 
lasts 1 to 3 days. The Norwalk and Norwalk-like 
viruses are highly infectious and readily spread by 
either person-to-person transmission (which proba
bly includes direct contact and fomites) or through a 
common source such as contaminated food or water 
(Greenberg et al., 1979). In one outbreak in an infant 
ward, asymptomatic excretion among the infants fa
cilitated transmission (Spender et al., 1986). A com
mon source has usually been implicated in large out
breaks. 

Prevention of nosocomial transmission depends 
on promptly identifying patients with gastroenteritis 
and instituting enteric precautions and/or eliminating 
any common source for transmission (Garner and 
Simmons, 1983). 

ROT A VIRUSES 

Group A rotaviruses are important nosocomial path
ogens in pediatric hospitals and also have been occa
sionally reported to cause nosocomial outbreaks 
among adults in hospitals or nursing homes (Bryden 
et al., 1982; Champsaur et al., 1984a; Champsaur et 
al., 1984b; Cubitt and Holzel, 1980; Dearlove et aI., 
1983; Harris et al., 1983; Krause et aI., 1981; Marrie 
et aI., 1982; Middleton et al., 1977; Rodriguez et al., 
1982; Santosham et al., 1982; Srinivasan et al., 1984). 
In one children's hospital, rotavirus was found to be 
the second most common nosocomial pathogen and 
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accounted for 12% of the nosocomial infections 
(Welliver and McLaughlin, 1984). In other studies, 
up to 20% of the infants and children admitted with
out gastroenteritis developed nosocomial rotavirus 
infection during their hospitalization (Middleton et 
al., 1977; Ryder et al., 1977). Nosocomial rotavirus 
infections usually occur during community out
breaks that occur in the winter months in temperate 
climates each year. 

Rotavirus gastroenteritis is often severe and may 
account for up to 50% of each years cases of child
hood gastroenteritis requiring hospitalization. It oc
casionally results in death from severe dehydration 
or electrolyte imbalances (Carlson et aI., 1978; 
Gurwith et al., 1981; Koopman et aI., 1981). In
creased morbidity and mortality and prolonged ex
cretion occur in immunodeficient patients (Jarvis et 
al., 1983; Saulsbury et al., 1980). Normal persons 
usually excrete rotavirus from day 3 to day 8 of ill
ness; neonates can excrete virus for several months. 

Rotaviruses are usually spread through close per
son-to-person contact and by fomites, and staff are 
likely to be involved in transmission by inadvertantly 
carrying contaminated material from one patient to 
another. The virus can persist for prolonged periods 
in stools and the environment and is relatively resist
ant to commonly used disinfectants. Using effective 
disinfectants to clean environmental surfaces should 
reduce the likelihood of transmission (Sattar et al., 
1983; Tan and Schnagi, 1981). 

Control of nosocomial rotavirus infections re
quires identifying infected patients, cohorting pa
tients excreting the virus, instituting enteric precau
tions, and emphasizing handwashing (Garner and 
Simmons, 1983). In neonatal nurseries control has 
been complicated by asymptomatic excretion in as 
many as 11 to 50% of infected neonates (Krause et 
aI., 1981; Rodriguez et aI., 1982). Asymptomatic ex
cretion of rotavirus is more common in neonates and 
children <6 months old than in older children 
(Champsaur et aI., 1984a,b). 

Rotavirus vaccines are being developed and may 
become an important factor in preventing rotavirus 
gastroenteritis (Kapikian et al., 1986). 

Hemorrhagic Fever Viruses 

Nosocomial outbreaks of viral hemorrhagic fever 
can occur in both endemic (primarily the tropics) and 
nonendemic regions. Hospital-based outbreaks have 
been reported with high mortality rates involving 
Lassa, Ebola, Marburg, and Crimean-Congo hemor
rhagic fever (CCHF) viruses. With the increasing fre
quency of international air travel, cases can easily be 
imported to nonendemic areas and patients be admit
ted to hospitals distant from the source of exposure, 

particularly to hospitals near major airports. It is im
portant to consider the diagnosis in febrile patients in 
or coming from areas endemic for these viruses. 
Nosocomial transmission has usually occurred when 
a diagnosis of hemorrhagic fever was not considered 
and appropriate infection control measures were not 
instituted. For example, nosocomial transmission 
has occurred after surgical and obstetric procedures 
and attending a critically ill patient in an emergency 
room (Burney et al., 1980; Fraser et al., 1974; 
Monath et aI., 1973). Newly acquired data on mode 
and risk of transmission and prospects of effective 
treatment have simplified the approach to safe man
agement of patients potentially infected with these 
viruses (Centers for Disease Control, 1988; Helmick 
et aI., 1986). 

Lassa Virus 

Lassa virus is the only arenavirus that has been im
plicated in nosocomial infections (Fraser et al., 1974; 
Monath et aI., 1973). It is endemic in West Africa, 
where most infections derive from close contact with 
the natural host, Mastomys nataiensis, a rat that 
commonly infests village homes. It is an important 
infectious disease in West Africa; in one hospital in 
Sierra Leone, 15% of all adult medical admissions 
and 30% of adult medical deaths are due to Lassa 
fever (McCormick et al., 1987b). The initial symp
toms of Lassa fever are similar to those of many 
other viral infections; they include fever, headache, 
sore throat, dry cough, and malaise. In some patients 
the illness progresses to include severe edema of the 
head and neck, respiratory distress, hypovolemic 
shock, encephalopathy, and death (McCormick et 
al., 1987a). 

Person-to-person spread occurs but requires inti
mate contact with blood or body secretions. In a 
hospital-based study in a Lassa virus-endemic area 
of Sierra Leone, 496 hospital staff were followed be
tween 1972 and 1983 (Hemlick et aI., 1987). This 
study showed that strict but simple-barrier nursing 
techniques, such as wearing gloves, gowns, and 
masks and using a disinfectant-0.5% sodium hypo
chlorite, a 10% solution of household bleach-liber
ally prevented transmission to hospital staff. 

It is now recommended that patients be in a single 
room with an anteroom and staff should use strict 
barrier nursing techniques (Centers for Disease Con
trol, 1987c). The number of medical personnel at
tending the patient should be limited, and they 
should be experienced in infection control practices. 
Special care must be taken in handling needles and 
instruments and in performing invasive procedures. 
When an accidental exposure involving inoculation 
of blood or secretions or contamination of mucous 



membranes occurs, oral ribavirin should be offered 
as postexposure prophylaxis. Ribavirin is effective in 
treating infection, especially if given within 7 days of 
onset of illness (McCormick et ai., 1986). 

Ebola and Marburg Viruses 

Marburg disease and Ebola hemorrhagic fever are 
uncommon diseases, but several outbreaks have cen
tered around hospitals or laboratories (Baron et ai., 
1983; Martini and Siegert, 1971; Report of an Inter
national Commission, 1978). Both viruses derive 
from central and southern Africa; sporadic cases of 
Marburg disease have occurred in travelers in rural 
areas, and epidemics of Ebola have occurred in Su
dan and Zaire (Baron et ai., 1983). The natural host 
and the ecology of these viruses remains obscure. 

Infection is manifested by acute onset of fever, 
headache, and malaise followed by profuse vomiting, 
often a morbilliform or maculopapular rash, and a 
bleeding diathesis (McCormick and Johnson, 1984). 
In some outbreaks of Ebola hemorrhagic fever, mor
tality has been very high; for example, in the out
break in Zaire in 1976 it was 88% (Report of an Inter
national Commission, 1978). 

As for Lassa virus, spread of Marburg and Ebola 
viruses requires close contact with infected persons, 
their blood, or secretions (Baron et ai., 1983; Martini 
and Siegert, 1971). The epidemic in Zaire was 
promptly stopped when needles were no longer 
shared among patients and simple barrier-nursing 
was instituted (Report of an International Commis
sion, 1978). 

No specific postexposure prophylaxis or treat
ment is available. However, it is reasonable to give 
exposed or infected persons immunoglobulin, al
though it has not been proven efficacious. The 
plasma should be checked for the presence of HBV 
and human immunodeficiency virus (HIV). 

Crimean-Congo Hemorrhagic Fever 
Virus (CCHF) 

There have been several hospital-based outbreaks of 
CCHF with high mortality rates associated with fail
ure to observe barrier-nursing techniques (Burney et 
ai., 1980; Swanapoel et aI., 1987). Crimean-Congo 
hemorrhagic fever is a tick-borne bunyavirus with 
wide geographic distribution that extends from the 
tip of Africa through parts of Eastern Europe and 
southern USSR and as far as northwest China (Mc
Cormick and Johnson, 1984). Apparently human 
cases only occur sporadically, but the true incidence 
and the epidemiology of this disease is unknown. 
The natural host is probably a small rodent or hare, 
but many mammalian species may become infected, 
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including domestic animals. The illness is character
ized by abrupt onset of fever and chills and joint, 
back, and epigastric pain followed by diarrhea, a pe
techial rash, and in some cases, a bleeding diathesis, 
hypovolemic shock, and death. Overt bleeding is 
common in severely ill patients and may be an impor
tant factor in the spread of CCHF. 

Nosocomial infection occurs by close contact in a 
fashion similar to that for Lassa fever virus infec
tions. Ribavirin should be considered for postexpo
sure prophylaxis and for treatment (Centers for Dis
ease Control, 1988). Ribavirin is effective in vitro 
against CCHF but has not been studied in humans. 

Hepatitis Viruses 

Hepatitis A Virus (HA V) 

Transmission of HA V in hospitals was uncommon in 
the past but is now recognized with increasing fre
quency (Centers for Disease Control, 1977c; Good
man et ai., 1982; Orenstein et ai., 1981). The disease 
is rarely spread from patients hospitalized with clini
cal hepatitis A, presumably due to decreasing virus 
excretion at onset of illness and use of isolation pre
cautions (Dienstag et aI., 1975; Favero et aI., 1979; 
Papa vangelou et al. , 1981; Purcell et ai., 1984). 
Spread in virtually all outbreaks has been from a 
patient who is either incubating infection or has 
asymptomatic infection, is not suspected of having 
HA V infection, and is incontinent of feces (Azimi et 
ai., 1986; Goodman et aI., 1982; Klein et ai., 1984; 
Krober et ai., 1984; Noble et ai., 1984; Reed et ai., 
1984; Seeberg et ai., 1981). Index patients acquire 
infection in the community as sporadic cases or as 
part of outbreaks that most often occur in settings 
with crowding or poor hygiene and sometimes are 
associated with contaminated food or water (Francis 
and Maynard, 1979). Although unusual, transfusion
associated HA V infection in a hospitalized infant is 
usually asymptomatic and, therefore, can readily 
spread to susceptible adults (Hollinger et aI., 1983; 
Noble et aI., 1984; Seeberg et ai., 1981). 

Nosocomial outbreaks usually involve transmis
sion from patient to staff via the fecal-oral route; 
nursing staff are at highest risk, but other staff, in
cluding physicians and housekeepers, and family 
members may also become infected. Laboratory 
workers and hospital staff not exposed to patients 
are not at risk of infection. Other patients occasion
ally become infected, possibly by inadvertent trans
mission of HA V from one patient to another by hos
pital staff (Klein et aI., 1984). Food-borne outbreaks 
also have been reported among hospital staff, but 
secondary transmission within the hospital has not 
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been a problem (Eisenstein et aI., 1963; Meyers et 
aI., 1974). Hepatitis A virus infection is rarely fulmi
nant, does not progress to chronic hepatitis, and is 
usually asymptomatic in children <5 years old. Ex
cretion of virus is greatest before onset of symptoms. 

The key to preventing nosocomial spread of HA V 
is to use good infection-control practices when han
dling feces and equipment and objects contaminated 
with feces (Favero et aI., 1979; Garner et aI., 1983). 
Enteric precautions for human HA V cases are rec
ommended during the first 7 days of illness; isolation 
is recommended for patients incontinent of feces. 
Because most episodes of nosocomial hepatitis A in
volve unsuspected index patients, the best preven
tion is to follow good hand washing practices with all 
patients and particularly those incontinent of feces. 

When an outbreak occurs, diagnostic tests can be 
used to ascertain which patients and staff are in
fected. Infected patients should be placed on enteric 
precautions and can be cohorted. Exposed suscepti
ble persons should be considered for immunoglobu
lin prophylaxis. If given before or within 2 weeks of 
exposure, immunoglobulin is effective in preventing 
or moderating hepatitis A infection (Immunization 
Practices Advisory Committee, 1985). 

Hepatitis B Virus (HBV) 

Hepatitis B virus is the primary cause of nosocomial 
hepatitis in this country (Maynard, 1981). Nosoco
mial transmission of HBV from patients to persons in 
healthcare occupations is well documented (Dienstag 
et aI., 1982; Hadler et aI., 1985; Hirschowitz et aI., 
1980; Levy et aI., 1977; Lewis et ai, 1973; Pattison et 
al., 1975). In the United States, most groups of pa
tients have a low rate of HBV infection (0.1 to 0.5% 
are virus carriers), but some, such as intravenous 
drug abusers, homosexuals or promiscuous hetero
sexuals, institutionalized developmentally disabled 
persons, and hemophiliacs, have a much higher rate 
of infection. Hepatitis B virus is highly endemic in 
most developing countries, and 5 to 20% of immi
grants from Africa and Asia may be chronically in
fected with the virus. Transmission of HBV from 
infected healthcare workers to patients is uncommon 
but can occur (Alter et aI., 1975; Collaborative 
Study, 1980; Kane and Lettau, 1985; Lettau et aI., 
1986; Meyers et aI., 1978; Snydman et aI., 1976b) and 
nosocomial HBV transmission from patient to pa
tient is rare (primarily of concern in hemodialysis 
units) (Centers for Disease Control, 1977d; Garibaldi 
et aI., 1973; Syndman et aI., 1976a; Szmuness et aI., 
1974). 

The risk from nosocomial HBV infection is im
portant not only due to the acute illness but also 
since 5 to 10% of adults with HBV infection will 

develop a persistent, viremic infection, and 10 to 
33% of persistently infected persons develop chronic 
liver disease that can progress to cirrhosis or hepato
cellular carcinoma. 

Hepatitis B virus is transmitted by percutaneous 
or mucosal exposure to blood or serum-derived body 
fluids or by sexual contact with persons with acute or 
chronic HBV infection. Transmission in the hospital 
setting most commonly occurs by exposure to blood 
from asymptomatic carriers (Francis and Maynard, 
1979; Immunization Practices Advisory Committee, 
1985). Blood and serous fluids contain the highest 
titers of virus and are the most likely vehicles for 
virus transmission; other body fluids (saliva, semen) 
are potentially infectious but contain 0.001 as much 
virus. Exposure to extremely small quantities of 
HBV surface antigen (HBsAg) positive blood may 
transmit infection (Francis and Maynard, 1979). The 
virus can remain viable for at least 1 week on envi
ronmental surfaces at ambient conditions but is not 
unusually resistant to chemical germicides (Bond et 
aI., 1983). 

The risk of acquiring HBV by healthcare workers 
is most closely related to degree of contact with 
blood- or serum-derived body fluids, frequency of 
accidents with blood-contaminated needles or sharp 
objects, and the rate of HBV infection in the patient 
population (Dienstag et aI., 1982; Hadler et aI., 1985; 
Harris et aI., 1984; Osterholm et aI., 1979; Pattison et 
al., 1975). The usual types of hospital exposures are 
accidents with contaminated needles or other sharp 
instruments and inapparent parenteral exposures. In
apparent exposures can occur when infectious mate
rial contaminates cuts or abrasions directly or 
through a fomite and when infectious material con
taminates mucous membranes during pipetting or 
splash accidents (Favero et aI., 1973; Garibaldi et al., 
1972; Maynard, 1981; Pattison et aI., 1974). Hospital 
staff at high risk of acquiring nosocomial HBV infec
tion include medical technologists, operating room 
staff, phlebotomists and intravenous therapy nurses, 
surgeons, pathologists, and oncology and dialysis 
staff. Dental professionals, laboratory and blood 
bank technicians, emergency medical staff and tech
nicians, and morticians are also at risk. 

Education is an important part of control 
measures for nosocomial transmission of HBV. 
Healthcare personnel should understand how HBV 
is transmitted and the importance of asymptomatic 
carriage in its transmission. They should treat blood 
and body fluids from all patients as if they were con
taminated with HBV and other bloodborne viruses 
such as HIV (Favero et aI., 1979; Snydman et aI., 
1975). In the clinical laboratory, the appropriate 
practices and procedures include (1) use of mechani
cal pipettors (no mouth pipetting); (2) prohibition of 
eating, drinking, or smoking in the laboratory; (3) use 



of laboratory coats and gloves and protective eye 
wear; (4) daily (or more frequent) cleanup of work 
surfaces; and (5) use of proper techniques when han
dling phlebotomy needles. Visible spills should be 
promptly cleaned with absorbent material followed 
by disinfecting the area with hypochlorite solution 
having at least 500 mgm/I free available chlorine (l % 
solution of household bleach) or another suitable dis
infectant (Bond et aI., 1983). 

Hepatitis B vaccination, coupled with the safety 
measures outlined, can essentially eliminate the risk 
to healthcare personnel of acquiring HBV in the 
workplace. The vaccine is safe, immunogenic, and 
highly effective in preventing hepatitis B for 5 or 
more years in those who respond to the three-dose 
series (Hadler et aI., 1986; Szmuness et aI., 1980). 
Hepatitis B virus vaccine should be given to all 
healthcare personnel who have direct contact with 
human blood or body secretions or risk of needle 
accidents. Ideally, vaccination should be offered to 
such persons while they are in training (Immuniza
tion Practices Advisory Committee, 1985). 

Persons hospitalized with acute hepatitis B infec
tion or known to be HBV carriers should be placed 
on blood and body fluid precautions (Favero et al., 
1979; Garner and Simmons, 1983). A private room is 
not required, although it is advisable for patients who 
have a bleeding diathesis. 

Control of HBV infection in dialysis units has 
been achieved by regular monthly serologic screen
ing for HBsAg, room isolation of carriers, elimina
tion of shared equipment between patients, and vac
cination programs for both staff and patients (Alter et 
aI., 1983; Alter et aI., 1986; Centers for Disease Con
trol, 1985c; Stevens et aI., 1984). 

Hepatitis B virus surface antigen positive health 
workers need not be restricted from patient contact, 
but should be educated regarding risks of transmit
ting infection and take precautions to minimize these 
risks (Lettau et aI., 1986). If HBV transmission to 
patients is documented, decisions about further pa
tient contact should be made on a case-by-case basis. 

When susceptible staff are exposed to HBsAg
positive blood, hepatitis B immunoglobulin (HBIG) 
is effective and should be given for postexposure 
prophylaxis (Immunization Practices Advisory Com
mittee, 1985; Grady et aI., 1978; Seeff et aI., 1978). 
The combination of HBIG with HBV vaccine in
creases efficacy after exposure to more than 90% and 
does not decrease the immunogenicity of vaccine 
(Beasley et aI., 1983; Wong et aI., 1984). 

Non-A, Non-B Hepatitis Viruses 

Non-A, non-B hepatitis is a diagnosis of exclusion 
that includes several distinct virus diseases of grow-

2. Nosocomial Viral Infections 17 

ing importance (Dienstag, 1983; Hollinger et aI., 
1980). One of the diseases is posttransfusion non-A, 
non-B hepatitis. An estimated 3 to 8% of blood do
nors appear to chronically carry the virus that causes 
this disease, and 90% of all posttransfusion hepatitis 
is now due to this virus. The virus apparently can 
also be transmitted by needlestick exposure (Ahtone 
et aI., 1980), and persons working in healthcare occu
pations with patient or blood exposure are at ele
vated risk of infection (Alter et aI., 1982). Parenteral 
drug abusers are another group at high risk of being 
infected and can be a source for nosocomial trans
mission. Non-A, non-B transmission from patients to 
other patients and to staff may occur in hemodialysis 
units (Centers for Disease Control, 1985e; Galbraith 
et aI., 1979). 

Non-A, non-B agents cause between 15 to 35% of 
acute hepatitis cases in the United States, primarily 
in adults, and up to 40% of cases may be followed by 
persistent viremia and chronic hepatitis (Alter et aI., 
1982; Francis et aI., 1984). 

The principal mode of transmission in this coun
try is blood-borne, but about half of the sporadic 
cases cannot be attributed to parenteral transmis
sion, and other pathways for transmission probably 
exist. The mechanisms for transmission of posttrans
fusion non-A, non-B hepatitis in the hospital are 
probablY similar to those for HBV, but the low titer 
of viremia (estimated to be between 102 and 106 in
fectious doses/mO probably makes the risk lower. 

The recommended precautions to prevent trans
mission of non-A, non-B hepatitis are identical to 
those for hepatitis B (Favero et aI., 1979; Garner et 
al., 1983). If an exposure does occur it is reasonable 
to give immunoglobulin (0.06 mllkg), though efficacy 
studies have given equivocal results (Immunization 
Practices Advisory Committee, 1985; Knodell et aI., 
1976; Seeff et aI., 1977). 

Herpes Viruses 

Cytomegalovirus (CMV) 

Cytomegalovirus infection in the hospital is primarily 
a concern for the patient with an immature or com
promised immune system. Hospital-acquired CMV 
infection usually occurs as either reactivation oflatent 
infection or transmission of virus through blood or 
blood products (Adler, 1986; Meyers et aI., 1986; 
Tolpin et aI., 1985). Most adults have been infected 
with CMV and may excrete virus at anytime without 
symptoms (Adler, 1986; Alford et aI., 1981; Meyers 
et aI., 1986; Peterson et aI., 1980). In immunosup
pressed, hospitalized patients, both primary and re
activated CMV infection can produce life-threaten
ing disease. The fetus and neonate are also at risk of 
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serious congenital anomalies or life-threatening dis
ease with CMV infection (Hanshaw, 1971; Stagno 
and Whitley, 1985). 

Transmission of CMV occurs in 10 to 25% of sero
negative recipients of seropositive blood donors 
(Adler, 1986; Meyers et al., 1986). Cytomegalovirus 
is a common infection in patients with organ trans
plants and this infection usually results from im
munosuppressive therapy leading to reactivation of 
latent infection (Meyers et al., 1986). Transplant re
cipients, including those who are seropositive, also 
can acquire exogenous infection (Grundy et al., 
1986). Cytomegalovirus is readily transmitted within 
households and day-care centers, suggesting that 
close contact can result in transmission. The pres
ence of virus in genital secretions at the time of deliv
ery and in the breast milk after delivery is associated 
with transmission to the neonate (Stagno and Whit
ley, 1985). 

Prevention of hospital-acquired CMV infection 
has focused on patients with immature or compro
mised immune systems. The use of blood or blood 
products from seronegative donors in seronegative 
infants has dramatically reduced the incidence of 
CMV infections (Adler, 1986; Yeager et aI., 1981). 
Frozen, deglyceralized red blood cells appear to lack 
viable leukocytes and do not transmit CMV infec
tion. As most CMV disease in organ transplant recip
ients is reactivated disease, prevention has been 
directed toward prophylactic therapy with hyperim
mune serum, antiviral drugs, and interferon (Grundy 
et al., 1986; Meyers et al., 1986). Each of these treat
ments has shown some promise. 

Because most adults are latently infected and can 
excrete virus at any time, it is impractical to identify 
and isolate persons excreting the virus. One group, 
however, has recommended that congenitally in
fected infants (who can excrete high titers of virus 
for up to 3 months) should be placed in isolation and 
staff, especially pregnant women, should strictly ad
here to good handwashing practices (Plotkin, 1986). 

A live, attenuated CMV vaccine is being evalu
ated in seronegative renal transplant recipients as a 
means of minimizing primary CMV infection in that 
group of patients (Plotkin et al., 1984). 

Epstein-Barr Virus (EBV) 

Epstein-Barr virus does not appear to be a major 
nosocomial pathogen. Because most adults have 
been infected with EBV and most primary infections 
become persistent, the source of EBV infection in 
the hospitalized patient is usually endogenous. Reac
tivation and asymptomatic excretion in saliva can 
occur in 20% or more of patients (Yao et aI., 1985). 
Immunosuppression, however, may allow EBV in-

fection to progress to a lymphoproliferative disease 
or malignancy (Klein and Klein, 1984). Although 
rare, transmission has occurred after blood transfu
sion (Turner et al., 1972). 

Because many normal persons periodically shed 
virus, there are no practical hospital infection control 
measures other than good personal hygiene. 

Herpes Simplex Virus 

Nosocomial herpes simplex virus type 1 and 2 (HSV-
1 and -2) infections can occur by either reactivation 
of latent infection or by exogenous infection. Be
cause reactivation of latent HSV infection occurs 
spontaneously in normal persons and exogenous in
fection can occur in previously infected persons, it is 
often difficult to distinguish between the two (Whit
ley, 1985a). Despite this difficulty, there are reports 
of nosocomial transmission of HSV infections in 
neonates, immunosuppressed patients, and staff (Fo
ley et al., 1970; Greaves et al., 1980; Linneman et al., 
1978; Naragi et al., 1976). The immunosuppressed 
patient and the neonate are at greatest risk of serious 
disease with either type of infection (Saral et al., 
1981; Siegal et al., 1981). Herpes simplex virus-1 and 
-2 infections of organ transplant recipients and pa
tients with acquired immunodeficiency syndrome 
(AIDS) often disseminate and can be life threatening. 
Newborns, with their immature immune system, are 
also susceptible to life-threatening, disseminated 
disease (Nahmias and Roizman, 1973; Whitley, 
1985a). 

Spread of HSV -1 and -2 requires close personal 
contact (Corey, 1985; Whitley, 1985a). Persons with 
lesions are infectious until the vesicles have com
pletely healed. Asymptomatic shedders can also 
transmit virus and probably represent an important 
source of infection in the general population. Neona
tal herpes can result from vertical transmission, 
transmission during delivery, or transmission after 
delivery (Douglas et al., 1983; Katz et al., 1980; Sul
livan-Bolyai et al., 1983; Van Dyke and Spector, 
1984; Yeager et al., 1983). Most newborns with neo
natal herpes are born of mothers who are asympto
matic excreters of the virus (Whitley et al., 1980). 

There is currently no way to prevent reactivation 
of latent HSV infection, but good infection control 
practices may prevent spread from a known excreter 
of HSV (Garner and Simmons, 1983). The risk of 
infection in infants born of women excreting HSV in 
the genital tract can be diminished, but not elimi
nated, by delivering the child by Cesarean section 
before or within 6 h of the rupture of membranes 
(Stagno and Whitley, 1985). When infection does oc
cur, vidarabine or acyclovir can be used to treat the 
disease (Whitley, 1985b). 



Varicella Zoster Virus (VZV) 

Nosocomial VZV, like the other herpes viruses, can 
occur as a primary infection, chicken pox, reactiva
tion of latent infection and herpes zoster (shingles) 
(Brunell 1981; Hope-Simpson, 1965; Weller, 1983). 
Varicella zoster virus is very contagious, and its in
troduction into the hospital can be a serious problem. 
Varicella infection is most common in children (more 
than 80% of cases in the United States occur in chil
dren <10 years old [Preblud and D'Angelo, 1979; 
Weller, 1983]), and consequently children with (or 
incubating) varicella and persons with herpes zoster 
are the primary source of VZV infections in the hos
pital (Weitekamp et al., 1985). 

The risk of serious illness with nosocomial vari
cella infection is in patients with compromised im
mune systems (Weller, 1983). The mortality rate in 
immunodeficient patients varies with the extent of 
compromise of the cell-mediated immune system and 
ranges from 7 to 50%. Severe recrudescent varicella 
zoster also occurs more often in immunodeficient pa
tients. Varicella infection can also be a serious illness 
in otherwise healthy adults, in pregnant women, and 
in neonates (Enders, 1984; Paryani and Arvin, 1986; 
Preblud, 1981). 

Varicella zoster virus is transmitted very effi
ciently to susceptible persons both by small particle 
aerosol and by contact with infected skin lesions. In 
households, the secondary attack rate for varicella 
among susceptible persons is almost 90% (Weller, 
1983) and for herpes zoster it is 25% (Berlin and 
Campbell, 1970). Patients may shed virus as early as 
2 days before the onset of rash and be contagious 
until all skin lesions are dried and crusted (Gordon, 
1962). Patients with a primary or secondary immuno
deficiency appear to shed more virus than their oth
erwise normal counterparts do and generally for a 
longer time. 

When VZV is introduced into the hospital it must 
be addressed rapidly and efficiently to reduce spread 
of infection, especially to immunosuppressed pa
tients. Weitekamp et al. (1985) have developed an 
algorithm for the prevention of nosocomial VZV in
fections. All cases including the index case must be 
identified and sent home or isolated. Atypical cases 
with few or unusual lesions may require laboratory 
tests, such as the Tzanck test, for confirmation. Pa
tients too severely ill to be discharged must be kept 
in strict isolation until all lesions have crusted. Air 
should flow into the patient's room under negative 
pressure, and masks, gowns, and gloves should be 
worn in the patient's room. Only seropositive staff 
should care for VZV-infected patients. Because an 
outbreak of VZV in areas with immunosuppressed 
patients requires rapid decisions about staffing pat
terns based on susceptibility to VZV, all employees 
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working in these areas should be screened for VZV 
antibodies. 

All persons exposed to VZV infected patients 
(those who have been in the same room as a patient 
with varicella or in contact with a patient with vari
cella zoster) and who have no history of having had 
varicella should be tested for VZV antibodies using a 
sensitive test. Exposed, seronegative persons are 
candidates for varicella zoster immunoglobulin 
(VZIG) (Zaia, et al., 1983). If given within 3 days of 
exposure, VZIG will usually ameliorate varicella. 
Immunodeficient patients with severe varicella or 
with disseminated, recrudescent zoster have been 
treated effectively with both vidarabine and acy
clovir (Prober et aI., 1982; Whitley et al., 1982). A 
live, attenuated VZV vaccine has been developed for 
use in high-risk patient populations and may de
crease the risk of serious disease with nosocomial 
VZV (Gershon, 1980; Takahashi et aI., 1974). 

Human Immunodeficiency 
Virus (HIV) 

Nosocomial transmission of HIV from infected pa
tients to healthcare workers has been rare and lim
ited to situations in which direct parenteral exposure 
to contaminated blood occurred (Anonymous, 1984; 
Centers for Disease Control, 1985d; Hirsch et aI., 
1985; Neisson-Vernant et aI., 1986; Oksenhendler et 
al., 1986; Stricof and Morse, 1986; Weiss et aI., 
1985a,b). Most such infections have followed 
needlestick exposures but there has been one report 
of HIV seroconversion following blood contamina
tion of skin or mucous membranes (Centers for Dis
ease Control, 1987c). Prospective studies have 
shown the risk of disease transmission by a needle
stick injury from a patient with AIDS is low (less 
than 1%), in contrast to the much higher risk (14 to 
26%) of disease transmission of HBV by a needle
stick accident (McCray et aI., 1986). There is no evi
dence of HIV transmission from infected health care 
workers to patients, or of patient-to-patient transmis
sion in the hospital setting. Studies offamily contacts 
of AIDS patients indicate that casual contact does 
not result in disease transmission and support the 
conclusion that nosocomial transmission of HIV in
fection is a low risk for exposures other than paren
teral inoculation of HIV -contaminated material. The 
risk of transmission through blood transfusions or 
administration of blood products has been nearly 
eliminated by screening blood for HIV antibody 
(Centers for Disease Control, 1985b). 

Clinical symptoms are not a good indicator of the 
presence of HIV infection because most infections, 
at least initially, are asymptomatic. Within 5 years of 
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infection an estimated 15 to 30% of persons will de
velop AIDS (Centers for Disease Control, 1986b; 
Curran et aI., 1985). The best predictor of HI V infec
tion is having a risk factor. More than 90% of in
fected patients are homosexual men, parenteral drug 
abusers, hemophiliacs, recipients of contaminated 
blood transfusions, sexual partners of someone in 
the above-noted risk groups, or infants born to in
fected mothers. Human immunodeficiency virus can 
be acquired from blood, semen, vaginal secretions, 
and possibly breast milk; the virus has been isolated 
from saliva, tears, and urine, but these secretions 
have not been implicated in transmission. 

Preventive measures for nosocomial HIV trans
mission are similar to those recommended for hepati
tis B virus, and focus on blood and body fluid precau
tions (Centers for Disease Control, 1982, 1983e, 
1985a; Immunization Practices Advisory Committee, 
1985; Conte et aI., 1983; American Hospital Associa
tion, 1984). Healthcare workers should be aware that 
many persons with HIV infection will be asympto
matic and that all blood or body fluid specimens 
should be handled as if they contained HIV and 
HBV. Precautions in the clinical laboratory setting 
are identical to those recommended for hepatitis B 
(Centers for Disease Control, 1982). Procedures in 
which blood or body fluids may become aerosolized 
or spattered should be avoided or done only in a 
protective hood. Persons performing autopsies 
should wear protective clothing and waterproof 
aprons, and use hand instruments which minimize 
risk of aerosols. Recommendations for other settings 
have been also published (Centers for Disease Con
trol, 1985a, 1985d, 1985f, 1986a). 

For episodes of known needlestick or other per
cutaneous or mucosal exposure to HIV-contami
nated blood, no specific prophylaxis can be offered. 
The HIV-contaminated blood may also contain 
HBV, however, for which prophylaxis is available 
and should be given. It is recommended that the ex
posed person be evaluated clinically and serologi
cally for evidence of HIV infection as soon as possi
ble after exposure, and, if seronegative, retested 
periodically thereafter (for example, 6 weeks and 3, 
6, and 12 months after exposure) to determine if 
transmission has occurred (Centers for Disease Con
trol, 1985a). Exposed persons should be advised that 
the risk of acquiring HIV from the exposure is low 
and also be counseled to avoid the risk of transmit
ting HIV to others. 

The standard blood and body fluid precautions 
and disinfection and sterilization strategies routinely 
practiced in dialysis centers are adequate to prevent 
transmission of HIV in these centers (Centers for 
Disease Control, 1986c). To date, there is no evi
dence of HIV transmission from patient to patient, 

from patient to staff, or from staff to patient in this 
setting. 

Healthcare workers infected with HIV and who 
have only casual contact with patients pose no risk of 
disease transmission. All healthcare workers, re
gardless of HIV infection status, should wear gloves 
when touching mucosal membranes or open tissues 
and should avoid patient contact if they have exuda
tive dermatitis (Centers for Disease Control, 1985a). 
Professionals who routinely perform invasive proce
dures, such as surgeons and oral surgeons, and who 
are infected with HIV should be handled just like 
they would be handled if they had any other illness 
that might effect their physical or mental compe
tence. They can continue to work if physically and 
mentally able and if they can follow basic infection 
control procedures (Centers for Disease Control, 
1986a). In general, decisions regarding continued 
practice should be made by informed hospital and 
local and state public health officials in conjunction 
with the personal physician of the infected practi
tioner. 

Respiratory Viruses 

Adenoviruses 

Nosocomial adenovirus infections have been identi
fied among all age groups. In children, nosocomial 
infections have been most often associated with out
breaks of acute respiratory illness, sometimes with 
significant morbidity and mortality (Centers for Dis
ease Control, 1978b, 1983a; Harris et aI., 1972; Her
bert et aI., 1977; Pingleton et aI., 1978; Straube et aI., 
1983). There also have been several reports of noso
comial enteric adenovirus infections, and in immuno
suppressed patients these infections have been asso
ciated with significant mortality (Chiba et aI., 1983; 
Flewett et aI., 1975; Yolken et aI., 1982). Among 
adults, the most common nosocomial adenovirus in
fection is probably epidemic keratoconjunctivitis 
(EKC) transmitted in an ophthalmology office, but 
outbreaks of nosocomial pharyngitis and conjunctivi
tis also have been reported among adults (Buehler et 
aI., 1984; Keenlyside et aI., 1983; Kemp et aI., 1983; 
Larsen et aI., 1986; Levandowski and Rubenis, 1981; 
Richmond et aI., 1984; Warren et aI., 1986). Hospital 
staff have often become infected from patients dur
ing these nosocomial outbreaks. Infants and young 
children and immunosuppressed patients are at 
greatest risk from nosocomial infection (Shields, 
1985; Yolken et aI., 1982). 

Unlike the other respiratory viruses the adeno
viruses usually do not cause seasonal, community-



wide outbreaks, but, are present throughout the year 
and sometimes cause focal outbreaks. Nosocomial 
infections may be associated with either endemic dis
ease or focal outbreaks. Examples of adenovirus out
breaks include acute respiratory disease in military 
recruits (Dudding et al., 1972; Takafuji et al., 1979) 
and acute pharyngoconjunctival fever (Caldwell et 
al., 1974; D'Angelo et al., 1979). Infection is most 
common in children, among whom up to 50% of in
fections are asymptomatic (Brandt et aI., 1969; Fox 
et al., 1969). 

Adenovirus probably can be spread by aerosol 
(Couch et aI., 1966) and by close contact and fo
mites. The virus can be isolated for up to 1 week 
from respiratory secretions, up to 2 weeks from eye 
swabs of persons with conjunctivitis, and up to 12 
weeks and more from stool specimens (Fox et al., 
1969). 

The importance of good infection control mea
sures in stopping nosocomial transmission has been 
clearly demonstrated in two outbreaks. One out
break of conjunctivitis in a hospital occurred after 
the staff stopped using gloves, gowns, and masks 
while caring for a patient with adenovirus pneumonia 
(Levandowski and Rubenis, 1981). The other, an 
outbreak of EKC in a large ophthalmology clinic, 
continued until the recommended infection control 
measures (triaging patients and cohorting patients 
and staff, using good handwashing practices, post
poning procedures on patients with EKC, and disin
fecting equipment) were strictly enforced (Warren et 
al., 1986). Contact isolation is recommended for pa
tients with adenovirus infections in the hospital 
(Gerner and Simmons, 1983). Procedures for control
ling outbreaks of EKC in an ophthalmology office 
have been outlined by Buehler et al. (1984). 

Coronaviruses 

Coronaviruses do not appear to be important noso
comial pathogens, although there are reports of cor
onavirus nosocomial gastroeteritis (Caul and Clarke, 
1975; Chany et aI., 1982). They are common respira
tory pathogens (Hamre and Beem, 1972; Larson et 
al., 1980) and probably cause nosocomial upper re
spiratory infections as well; but our ability to study 
nosocomial coronavirus infections is limited by diffi
culties in identifying infections. Coronaviruses are 
presumably transmitted by close contact in a fashion 
similar to that for rhinovirus and RSV. 

Influenza Viruses 

Nosocomial outbreaks of influenza A and B virus 
infections occur during community outbreaks, can 
spread through hospitals, nursing homes, and 
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chronic-care facilities in an explosive fashion, and 
involve infants, children, and adults (Bean et aI., 
1983; Blumenfeld et aI., 1959; Centers for Disease 
Control, 1981b, 1983b; Gardner et al., 1973; Hall and 
Douglas, 1975; Kapila et al., 1977; Mathur et al., 
1980; Meibalane et al., 1977; Sims, 1981; Van Voris 
et al., 1982; Wenzel et al., 1977). Influenza C virus 
causes sporadic cases of mild illness and has been 
associated with one outbreak in a children's home 
(Katagiri et al., 1983; Mogabgab, 1963). Community
wide epidemics of influenza A or B occur each year 
in the winter or spring in temperate climates and are 
the only infectious diseases that are regularly associ
ated with an increase in national mortality during 
outbreaks (Noble, 1982). The severity of illness asso
ciated with nosocomial influenza depends on the age 
and health of the patients and their levels of immu
nity to the outbreak strain. Serious illness with noso
comial influenza infection occurs most often in the 
elderly and members of high-risk groups such as per
sons with chronic cardiovascular or pulmonary dis
ease (requiring regular medical follow-up), diabetes 
mellitus, renal dysfunction or immunosuppression, 
and residents of nursing homes and chronic-care fa
cilities (Barker and Mullooly, 1980; Immunization 
Practices Advisory Committee, 1986). 

Transmission occurs by respiratory aerosol and 
possibly by close contact and fomite spread (Alford 
et al., 1966; Moser et al., 1979). In nosocomial out
breaks, the hospital staff may spread influenza by 
becoming infected themselves, either from the com
munity or the hospital, and directly transmitting vi
rus to patients (Bauer et al., 1973; Van Voris et al., 
1982). Influenza virus is shed in respiratory secre
tions beginning at or shortly before onset of illness 
and often persists for 5 days and sometimes longer 
(Frank et aI., 1981; Togo et al., 1970). Shedding per
sists for longer in children (Brocklebank et aI., 1972; 
Hall and Douglas, 1975). 

Nosocomial influenza virus infections can be con
trolled by vaccination and amantadine or rimanta
dine prophylaxis. Several studies have demonstrated 
that vaccination can reduce infection rates among 
staff and, with sufficient levels, even prevent an out
break from occurring (Arden et al., 1986; Blumenfeld 
et al., 1959; Budnick et al., 1984; Centers for Disease 
Control, 1983b, 1987b; Patriarca et aI., 1985, 1986). 
Amantadine and rimantadine are effective only 
against influenza A viruses and when used prophy
lactically, have reduced the rate and severity of nos
ocomial infections (Atkinson et al., 1986; Dolan et 
al., 1982; O'Donoghue et al., 1973). During commu
nity outbreaks of influenza, adults with influenza in
fection can be cohorted and children should be 
placed on contact isolation for the duration of their 
illness or cohorted with other infected children (Gar-
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ner and Simmons, 1983; Hoffman and Dixon, 1977). 
Amantadine prophylaxis should be considered for 
patients at high risk who have not been immunized 
and for nonimmunized staff. Preferably, high-risk pa
tients and hospital employees (or employees of other 
institutions) who have extensive contact with high
risk patients should be immunized before the influ
enza season begins (Immunization Practices Advi
sory Committee, 1986). 

Measles Virus 

With the widespread vaccination of children, noso
comial measles is uncommon in developed countries 
(Bloch et aI., 1985; Davis et aI., 1986). Between 1980 
and 1984, approximately 241 persons acquired mea
sles in medical facilities (Davis et aI., 1986). Most 
cases (76%) occurred in patients or visitors, and the 
remainder occurred in medical personnel (24%). Pa
tient-to-patient (50%) and patient-to-staff (37%) 
transmission were most common. Medical personnel 
were rarely the source of disease for others. Severe 
illness is most common in adults, children <2 years 
old, and immunosuppressed patients. 

Measles is highly communicable; the virus can be 
spread by droplets, direct or indirect contact with 
infectious excretions or secretions, and aerosol; pa
tients are communicable from the prodromal stage to 
4 days after the onset of the rash. 

Prevention of nosocomial measles requires a high 
index of suspicion. Suspected infected persons 
should be separated from susceptible persons regard
less of the medical setting (whether office, emer
gency room, clinic, or hospital ward) and especially 
from infants and the immunosuppressed who are at 
high risk from serious illness with infection. Hospi
talized measles patients should be placed in respira
tory isolation until 4 days after onset of rash (Garner 
and Simmons, 1983). Immunosuppressed patients 
should remain on respiratory isolation for the dura
tion of their illness. 

Personnel at high risk of exposure to measles 
should be immune; measles immunity can be docu
mented by history of live measles vaccination at 2: 12 
months of age, history of physician-diagnosed mea
sles, or laboratory confirmed seropositivity to mea
sles. Vaccination of personnel who are serosuscepti
ble is strongly encouraged. Approximately 5 to 15% 
of medical personnel are serosusceptible (Dales et 
aI., 1985; Krause et aI., 1979; Preblud et aI., 1982). If 
susceptible personnel are exposed to measles, they 
should be removed from direct patient contact from 
either the 5th to the 21st day after exposure or for 7 
days after rash onset (Williams, 1983). If a measles 
outbreak occurs, consideration should be given to 
the vaccination of all susceptible patients up to 72 h 

after exposure or, if vaccine is contraindicated, post
exposure measles immunoglobulin should be given 
within 6 days of exposure. 

Parainfluenza Viruses 

The parainfluenza viruses are important nosocomial 
respiratory pathogens in pediatric hospitals (Gardner 
et aI., 1973; Meissner et aI., 1984; Mufson et aI., 
1973; Sims, 1981; Wenzel et aI., 1977). They also 
have been reported to cause outbreaks of serious 
respiratory illness among the elderly in nursing 
homes and among patients receiving immunosup
pressive therapy (Centers for Disease Control, 
1978a; DeFabritus et aI., 1979). Nosocomial out
breaks usually occur in association with community 
outbreaks. Each serotype has somewhat different 
clinical and epidemiologic characteristics in the com
munity and the hospital (Chanock et aI., 1963; Denny 
and Clyde, 1986; Foy et al., 1973; Glezen et aI., 1984; 
Monto et aI., 1973). Parainfluenza virus 1 and 2 are 
common causes of croup and pneumonia in children 
and in recent years in the United States, have caused 
outbreaks in the autumn of alternating years. Pa
rainfluenza virus 3 is a common cause of pneumonia 
and bronchiolitis in infants and young children, is 
often present throughout the year, and periodically 
causes outbreaks. Parainfluenza viruses 4a and 4b 
usually do not cause serious illness and are not con
sidered to be important nosocomial pathogens 
(Gardner, 1969; Killgore and Dowdle, 1970). 

Parainfluenza viruses are probably spread in a 
fashion similar to that for RSV, that is, through close 
contact and fomites. Staff are likely to playa major 
role in transmission by carrying virus from one pa
tient to another or by becoming infected and directly 
infecting patients. Virus can be isolated for 1 to 2 
days before onset of illness, often for 5 to 7 days after 
onset, and sometimes for several weeks after onset 
of illness (Chanock et aI., 1961; Frank et aI., 1981; 
Hall et aI., 1977). 

Control of parainfluenza virus infections depends 
on identifying infection, placing children on contact 
isolation, and using good handwashing practices, co
horting patients and staff, and wearing gowns and 
gloves when soiling is likely (Garner and Simmons, 
1983; Williams, 1983). Although unproven, it is likely 
that, as for RSV, wearing goggles by staff would help 
prevent nosocomial transmission (Gala et aI., 1986). 

Respiratory Syncytial Virus (RSV) 

Respiratory syncytial virus is an important nosoco
mial pathogen in infants and young children. Noso
comial RSV usually occurs during the yearly com
munity outbreaks that begin in the late fall or winter 



in temperate climates and last for 2 to 5 months 
(Bruckova et al., 1979; Ditchburn et al., 1971; 
Gardner et al., 1973; Goldson et al., 1979; Gouyon et 
al., 1985; Hall et al., 1975b; Meissner et al., 1984; 
Mintz et al., 1979; Neligan et aI., 1970; Sims, 1981; 
Valenti et al., 1982; Wenzel et al., 1977). In one 
study 45% of children in the hospital for >6 days 
became infected with RSV, all those hospitalized for 
>4 weeks became infected, and infected children 
were hospitalized for twice as long as those not in
fected (Hall et al., 1975b). The mortality associated 
with nosocomial RSV has been reported to be as high 
as 5% (MacDonald et al., 1982) but probably is closer 
to 0.5% in otherwise healthy children (Hall et al., 
1986). In infants and young children with compro
mised cardiac, pulmonary, or immune systems, RSV 
mortality rates of 10 to 37% have been reported (Hall 
et aI., 1986; MacDonald et al., 1982). Nosocomial 
outbreaks also have been reported among the elderly 
in nursing homes (Centers for Disease Control, 
1977b; Garvie and Gray, 1980; Hart, 1984; Mathur et 
al., 1980; Morales et al., 1983; Sorvillo et aI., 1984) 
and among older children and young adults in an 
institution for the mentally retarded (Finger et aI., 
1987). 

Studies by Hall and others have shown that RSV 
is spread by direct contact, fomites, and perhaps 
large particle aerosol (Hall and Douglas, 1981; Hall 
et al., 1980, 1981). Nosocomial transmission appears 
to often involve the staff who inadvertently transfer 
virus between patients or become infected them
selves and directly infect patients (Ditchburn et aI., 
1971; Hall et al., 1975b; Meissner et al., 1984; Valenti 
et al., 1982). Data from investigations of two out
breaks suggest that staff may have infected patients 
while manipulating orotracheal respiratory tubes or 
gastric feeding tubes (Meissner et al., 1984; Valenti 
et al., 1982). Patients can shed virus and potentially 
infect others for several days before onset of illness 
and usually for 5 to 7 days (but sometimes for 3 to 4 
weeks) after onset of illness (Frank et al., 1981; Hall 
et al., 1976; Hall et al., 1975a). Prolonged shedding is 
more common in patients with altered immune sys
tems and in newborns (Hall et al., 1986; Hall et al., 
1979; Jarvis et aI., 1983). 

Diagnosing RSV infection in a hospitalized pa
tient has become an important part of patient care 
and management. There is some evidence that infec
tion control measures can decrease the nosocomial 
spread of RSV (Gardner et aI., 1973; Hall et aI., 
1978); therefore, it is important to know which pa
tients are infected and to institute contact isolation, 
use good handwashing practices, cohort patients and 
staff (during outbreaks), and wear gowns if soiling is 
likely (Garner and Simmons, 1983; Williams, 1983). 
Two recent studies have shown that wearing goggles 
by staff further decreases the rate of nosocomial in-
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fections in patients as well as staff (Agah et aI., 1985; 
Gala et al., 1986). 

The antiviral drug ribavirin has been effective 
both in decreasing shedding of virus and speeding 
recovery in patients with RSV infection (Hall and 
McBride, 1986); its use may also decrease the risk of 
nosocomial spread. 

Rhinoviruses 

Although common respiratory pathogens, rhino
viruses have infrequently been identified as nosoco
mial infections, probably because infection is usually 
associated only with upper respiratory illness 
(Gwaltney et aI., 1966; Horn et al., 1975; Person et 
al., 1970; Sims et aI., 1981; Valenti et al., 1980, 
1982). Rhinoviruses, however, have been reported to 
cause lower respiratory tract illness, especially in 
patients who are immunosuppressed (George and 
Mogabgab, 1969; Halperin et al., 1983; Krilov et al., 
1986; Valenti et al., 1982; Wood and Corbitt, 1985). 
Rhinovirus is usually present in respiratory secre
tions for 4 to 6 days after onset of illness, but can be 
present for up to 4 weeks, and is found in the highest 
titer in nasal secretions (Douglas et al., 1966; Fox et 
al., 1975; Gwaltney et al., 1966). 

Transmission and methods of interrupting trans
mission have been well studied for the rhinoviruses; 
these results probably apply to most other respira
tory viruses. Rhinoviruses are most easily transmit
ted by autoinoculation of the mucosa of the eyes or 
nose by hands contaminated through direct person
to-person contact of fomites (D' Alessio et aI., 1976; 
Gwaltney and Hendley, 1982; Gwaltney et al., 1978; 
Hendley et aI., 1973; Pancic et al., 1980; Reed, 1975). 
Aerosols do not appear to be important in their trans
mission. Spraying environmental surfaces with an 
antiviral substance (Gwaltney and Hendley, 1982), 
washing hands with an antiviral subtance (Gwaltney 
et aI., 1980), and using virucidal paper handkerchiefs 
(Dick et aI., 1986; Hayden et al., 1985) have de
creased rhinovirus transmission in controlled experi
ments; but the effectiveness ofthese measures under 
natural conditions has not been demonstrated. 

The recommended infection control measures in
clude contact isolation for infants and young chil
dren, but no isolation for adults (Garner and Sim
mons, 1983). 

Other Viruses 

Enteroviruses 

Nosocomial enterovirus infections with significant 
morbidity and some mortality have been reported in 
infant nurseries (Brightman et al., 1966; Cramblett et 
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aI., 1973; Davies et aI., 1979; Faulkner and van 
Rooyen, 1973; Javette et aI., 1956; Kinney et aI., 
1986; Lapinleimu and Hakulinen, 1972; McDonald et 
al., 1971; Mertens et aI., 1982; Nagington et aI., 
1978, 1983: Swender et aI., 1974), in staff in a surgi
cal unit, and in older children and staff in a chronic
care hospital (Johnston and Burke, 1986; Morgante 
et aI., 1971). Where vaccination has controlled polio
myelitis, it is not an important nosocomial pathogen. 

Nosocomial enterovirus infections usually occur 
during the yearly enterovirus outbreaks of late sum
mer and early fall in temperate climates (Moore, 
1982; Nelson et aI., 1979; Phillips et aI., 1980; Strikas 
et aI., 1986). Enterovirus infections occur in all age 
groups and lead to a wide range of clinical illnesses, 
from asymptomatic infection to life-threatening dis
seminated disease (Elveback et aI., 1966; Kogon et 
al., 1969). Serious infection is most common in the 
newborn, and it is in the newborn that nosocomial 
infection is of greatest concern (Eichenwald et aI., 
1958; Grist et aI., 1978; Jenista et aI., 1984; Kaplan et 
al., 1983; Lake et aI., 1976; Modlin, 1986; Morens, 
1978). Persons with compromised immune systems 
are also at high risk for serious illness with en
terovirus infections (Jarvis et aI., 1983; Wilfert et aI., 
1977; Wood and Corbitt, 1985; Yolk en et aI., 1982). 

Enteroviruses are transmitted by the oral-oral or 
fecal-oral route. Staff can inadvertently carry virus 
from one patient to another or become infected 
themselves and directly infect patients. In one out
break, echovirus 11 infection was associated with 
gavage and mouth care (Kinney et aI., 1986). Viruses 
can be shed in respiratory secretions for several days 
to several weeks after onset of illness and in stools 
for up to 4 weeks (Karzon et aI., 1961; Kogan et al., 
1969). 

Patients with enterovirus infections should be 
placed on enteric precautions and patients and staff 
can be cohorted during outbreaks (Garner and Sim
mons, 1983). During several outbreaks in newborns, 
neonatal nurseries have been closed to new admis
sions during the outbreak (Cramblett et aI., 1973; 
Davies et aI., 1979; Kinney et aI., 1986; Nagington et 
al., 1978, 1983). In one outbreak prophylactic im
munoglobulin appeared to protect but not in another 
(Kinney et al., 1986; Nagington et aI., 1983). 

Human Parvovirus B19 (B19) 

Relatively little is known about nosocomial B19 in
fection, although aplastic crisis (AC) in a patient with 
a chronic hemolytic anemia has been reported to oc
cur as a nosocomial infection (Evans et aI., 1983), 
and B19 infection has been associated with receiving 
blood products (Mortimer et aI., 1983). The most 
likely source of B 19 infection in the hospital is 

school-aged children who acquired infection during a 
community outbreak of fifth disease or AC (Ander
son et aI., 1984c; Chorba et aI., 1986; Pattison et aI., 
1981; SeIjeant et aI., 1981). The two most severe 
complications of B19 infection are AC and fetal 
death (Anand et aI., 1987; Saarinen et aI., 1986); 
therefore, patients with chronic hemolytic anemias 
and pregnant women are at greatest risk from noso
comial infection. 

The mode of transmission of B19 has not been 
clearly defined; however, B19 DNA has been found 
in respiratory secretions of patients in the acute 
phase of their infection, suggesting that the respira
tory secretions are involved in transmission (Ander
son et aI., 1985; Chorba et aI., 1986; Plummer et aI., 
1985). B19 also has been frequently found in acute
phase serum samples of patients with AC and in the 
urine of several patients with AC while they were 
viremic (Anderson et aI., 1985, 1986; Chorba et aI., 
1986; Pattison et aI., 1981; Serjeant et aI., 1981). 
Studies of the timing of viremia with B19 infection 
suggest that patients with erythema infectiosum are 
likely to be infectious before but not after onset of 
the rash, whereas patients with AC are likely to still 
be infectious at the onset of their illness and for sev
eral days thereafter. A secondary attack rate of 
about 50% in susceptible family members suggests 
that close contact leads to efficient transmission. 

Respiratory isolation precautions are recom
mended to prevent the spread of B19 infection (Gar
ner and Simmons, 1983). 

Mumps Virus 

Nosocomial outbreaks of mumps are rare (Brunell et 
al., 1968; Sparling, 1969). In these outbreaks, the 
virus has been introduced by a patient or an em
ployee incubating the illness. Since the introduction 
of the mumps vaccine, the incidence of mumps has 
decreased by 97% in the United States (Centers for 
Disease Control, 1984a) and the risk of nosocomial 
mumps has similarly decreased. 

Mumps virus is believed to be transmitted by 
droplet spread, direct contact, or fomites. The virus 
is shed in saliva for from 6 days before to 9 days after 
salivary gland involvement and can be excreted in 
the urine for as long as 14 days after onset of the 
illness. 

Control of nosocomial mumps depends on (1) 
placing ill or exposed persons on respiratory isola
tion for 9 days after onset of swelling, or until swell
ing resolves; and (2) vaccination of susceptible per
sons (Garner and Simmons, 1983). Control of 
outbreaks is complicated by the fact that excretion of 
the virus is greatest in the 48 h before the onset of 
clinical illness and many persons develop asympto
matic infection. 



Human Papillomavirus (HPV) 

Very little is known about the epidemiology of HPV 
infections in the community or in hospitals. It is 
likely that most infections in the hospital represent 
reactivation of latent virus infection (Ferenczy et al., 
1985; Steinberg et aI., 1983). For example, patients 
receiving immunosuppressive therapy often develop 
multiple warts (Kirchner, 1986; Spencer and Ander
son, 1970). If transmission ofHPV occurs in the hos
pital, it probably requires close contact. Sexual 
transmission is important for the transmission of 
some serotypes of HPV in the community (Oriel, 
1971). 

Rabies Virus 

Nosocomial transmission of rabies virus is rare, but 
concern about potential transmission is great. Noso
comial infection has only been documented to occur 
after transplantation of corneas from humans dying 
of undiagnosed rabies encephalitis (Centers for Dis
ease Control, 1980, 1981a; Hough et al., 1979). 

Many of the recent cases of rabies in the United 
States were not suspected as being rabies until late in 
the patient's illness or after death because the classic 
symptoms associated with human rabies (difficulty 
swallowing, excitement or agitation, pain or pares
thesia at the exposure site, hydrophobia or aeropho
bia, or hypersalivation) and history of a rabies expo
sure were not present (Anderson et al., 1984a). The 
one common clinical feature is the rapid progression 
of encephalomyelitis. Late diagnosis of rabies has 
led to many persons being potentially exposed and 
therefore given rabies postexposure prophylaxis 
(Helmick et aI., 1987). 

Almost all cases of human rabies have occurred 
after bites, but some have developed after the type of 
nonbite exposures that may occur in the hospital 
(Anderson et al., 1984b; Helmick et aI., 1987). For 
example, rabies has been reported to develop after 
infectious material contacted open cuts or mucous 
membranes. The risk for these types of exposures is 
low, probably <0.1% (Babes, 1912) but high enough 
to justify postexposure prophylaxis with a safe vac
cine. Rabies also has developed after aerosol expo
sure (Centers for Disease Control, 1977a; Humphrey 
et al., 1960; Irons et al., 1957; Winkler et aI., 1973). 

The virus is most often isolated from saliva and 
respiratory secretions and less often from cerebro
spinal fluids urine sediment, tears, and body tissues 
from humans with rabies (Anderson et al., 1984a; 
Duenas et aI., 1973; Helmich et aI., 1987). The virus 
has been isolated for up to 5 weeks after onset of 
illness. 

Suspecting rabies early in the illness is critical to 
reducing potential exposures; it should be consid-
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ered in any person with a rapidly progressing en
cephalomyelitis. A patient suspected of having ra
bies should be placed on contact isolation and 
persons with close contact with the patient should 
wear masks, gloves, gowns, and protective eyewear 
(Remington et al., 1985). Exposed persons, including 
those previously vaccinated for rabies, should be 
given the recommended postexposure prophylaxis 
(Immunization Practices Advisory Committee, 
1984). 

Rubella Virus 

Nosocomial rubella, which infrequently occurs 
where vaccination coverage is good, is primarily a 
concern for pregnant women and their unborn fe
tuses. Serious disease with infection is rare except 
during the early stages of pregnancy, when it often 
leads to a series of serious congenital anomalies that 
make up the congenital rubella syndrome (CRS) 
(Centers for Disease Control, 1983c). Outbreaks of 
rubella have been reported from general hospitals 
(McLaughlin et al., 1979; Polk et al., 1980; Strass
burg et aI., 1981), maternity units (Carne et al., 
1973), and obstetric clinics (Gladstone et aI., 1981); 
they usually occur in the spring when community 
outbreaks traditionally occur. The most common 
source of nosocomial rubella is a child admitted 
while incubating rubella; but medical personnel with 
symptomatic or asymptomatic disease have also in
troduced rubella into hospitals and clinics. 

Transmission is believed to occur by droplet aero
sol, direct contact, or fomites. Adults and children 
infected with rubella can excrete the virus in respira
tory secretions from 7 days before until 4 days after 
onset of the rash. Infants with CRS can often excrete 
the virus for months and sometimes up to 4 years 
after birth (Shewmon et aI., 1982). 

Vaccination of high-risk susceptible persons is the 
key to preventing nosocomial rubella. This should be 
done before an exposure occurs. Because 12 to 14% 
of hospital employees lack antibody to rubella 
(McLaughlin et al., 1979; Orenstein et al., 1981; 
Weiss et al., 1979), those with direct or indirect pa
tient contact should be screened regarding a history 
of rubella or rubella immunization, and if necessary, 
tested for rubella antibody before employment. Ev
eryone who is antibody-negative, men and women, 
and exposed to high-risk areas should be immunized 
with the rubella vaccine unless contraindicated (for 
example by pregnancy or immunodeficiency). Fe
male employees should be advised about the poten
tial risk of vaccination during pregnancy, vaccinated, 
and maintained on an appropriate contraceptive for 
at least 3 months after the vaccination (Centers for 
Disease Control, 1983d). 

When rubella is introduced into the hospital, sus-
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ceptible patients and staff should be immunized un
less contraindicated (Centers for Disease Control, 
1983d, 1984b). Infected patients should be placed on 
contact isolation (Garner and Simmons, 1983). 

Creutzfeldt-Jakob Disease (CJD) Agent 

The risk of nosocomial transmission of CJD agent 
appears to be extremely low and has occurred under 
only four circumstances: (1) through transplantation 
of a cornea from a person with CJD (Duffy et aI., 
1974); (2) through use of contaminated deep ste
reotactic needles (inserted directly into the brain) af
ter having been sterilized by conventional techniques 
(Bernoulli et aI., 1977); (3) through transplantation of 
cadaveric dura mater (Centers for Disease Control, 
1987a); and (4) through treatment with human growth 
hormone derived from pools of autopsy-obtained pi
tuitary glands (Brown et aI., 1985). The incubation 
period in the first three groups ranged from 15 to 24 
months, but was between 4 to 15 years in the last. 
There is no evidence of unusual risk of disease in 
healthcare occupations, and no cases of CJD have 
been reported among general pathologists, neuropa
thologists, neurologists, laboratory technicians, au
topsy technicians, morticians, or virologists (Mas
ters et aI., 1979). 

The disease occurs primarily in middle-aged 
adults and is manifested by a progressive dementia 
leading to death over several years (Masters et aI., 
1979). 

The only well-documented mode of transmission 
is parenteral exposure to neurologic tissue from pa
tients with the disease (Bernoulli et aI., 1977; Brown 
et al., 1985; Duffy et aI., 1974). Cases infrequently 
cluster in families, and person-to-person transmis
sion appears to be rare (Masters et aI., 1979). Never
theless, special precautions in dealing with patients 
and with potentially infective material are prudent. 
Through studies ofCJD and other, related slow virus 
diseases in animals, tissues derived from the central 
nervous system, including optic tissues and cerebro
spinal fluid, are considered to have the highest infec
tious titers. Other tissues, such as liver, lung, blood, 
lymph node, kidney, and urine, may also be infec
tious (Brown et aI., 1982; Committee on Health Care 
Issues, ANA, 1986). Patients with known or sus
pected CJD should be handled in a fashion similar to 
that for patients with hepatitis B (Committee on 
Health Care Issues, ANA, 1986; Garner and Sim
mons, 1983; Jarvis, 1982). All body fluids and tis
sues, particularly brain tissue, cerebrospinal fluid, 
and blood, and instruments contaminated with these 
fluids should be handled with care. Patients with CJD 
do not need to be placed in isolation, but gloves 
should be worn when handling potentially infectious 

material and gowns should be worn if gross exposure 
to such materials is anticipated. Specimens sent to 
the laboratory should be labeled as biohazard. Ob
jects contaminated with patient blood or tissues 
should be handled with added precautions and steril
ized before being discarded or cleaned. Creutzfeldt
Jakob disease appears to be unusually resistent to 
disinfection and requires special procedures to en
sure that it is inactivated (See section on Disinfection 
and Inactivation of Viruses) (Brown et aI., 1982; 
Committee on Health Care Issues, ANA, 1986). 

Disinfection and Inactivation 
of Viruses 

The method used for disinfection or sterilization 
must be considered carefully; all potential pathogens 
likely to be present and the level of disinfection re
quired for the specific surface, instrument, or piece 
of equipment must be considered. Microorganisms 
to be considered include bacteria, fungi, mycobacte
ria, spores, and viruses; it is not appropriate to con
sider only one of these pathogens. Guidelines for de
termining the level of disinfection required for 
different purposes are outlined by Favero (1985). 

Methods of inactivating microorganisms can be 
separated into sterilization and disinfection proce
dures. Sterilization procedures are designed to inac
tivate all microorganisms, including highly resistant 
bacterial spores, whereas disinfection procedures in
activate most but not all microorganisms. The most 
commonly used sterilization procedures are steam 
under pressure (autoclaving: 121°C or above per cy
cle), dry heat (121°C for 16 h, 160°C for 2 h, or 171°C 
for 1 h), or ethylene oxide gas (450 to 500 mg/liter at 
55 to 60°C) (Favero, 1985). 

Disinfection is generally less lethal than steriliza
tion; its effectiveness depends on (1) the numbers 
and innate resistance of the organisms, (2) the pres
ence of organic material such as blood or feces, (3) 
the type and concentration of the disinfectant chemi
cal, (4) the time of exposure to the chemical, (5) the 
temperature during the exposure, and (6) whether or 
not the material is dry. The number of organisms and 
presence of contaminating materials are key vari
ables in the disinfection process; therefore, cleaning 
before final disinfection is critical. 

Viruses can be placed into two groups based on 
the ease with which they are likely to be inactivated 
by disinfectant chemicals, (1) lipid-containing vi
ruses, and (2) nonlipid viruses (Favero, 1985). The 
lipid-containing viruses include all the enveloped vi
ruses plus the nonenveloped hepatitis B virus 
(HBV); the nonlipid viruses include the remaining 
nonenveloped viruses. The lipid-containing viruses 
are the easiest to inactivate, whereas the nonlipid 



TABLE l. Susceptibility of viruses to 
disinfectant chemicals 

Virus susceptibility 

Lipid-containing Nonlipid 
Activity of disinfectant viruses viruses 

High + + 
Intermediate + +/_a 

Low + 

a Some nonenveloped viruses are resistant to intermediate 
level disinfectants such as certain alcohols and phenolic 
compounds. 

viruses are comparatively more resistant to a spec
trum of disinfectants (Table O. Hepatitis B virus is 
inactivated by disinfectants with an intermediate 
level of activity but has not yet been tested with the 
low-level disinfectants which inactivate other lipid
containing viruses (Bond et ai., 1983). Among the 
nonlipid viruses, the smaller ones are more resistant 
than the larger ones. The enteroviruses are the most 
resistant of the viruses tested (Klein and Deforest, 
1983). 

Disinfectants can be placed into three groups 
based on their ability to inactivate microorganisms 
(Table 2). Three commonly available intermediate
level disinfectants, 70% ethyl alcohol, 95% isopropyl 

TABLE 2. Characteristics of disinfectant chemicals 

Method 
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alcohol, or 0.05 to 0.5% sodium hypochlorite (500 to 
5000 mg offree available chlorine per liter or a 1/100 
to 1/ 10 dilution of household bleach) are effective 
against a wide range of organisms and can be ex
pected to inactivate lipid-containing and nonlipid vi
ruses in 10 min under the appropriate conditions 
(Klein and Deforest, 1983). The commercial disinfec
tants classified as tuberculocidal "hospital disinfec
tants" [under the nomenclature system of the Envi
ronmental Protection Agency (Block, 1983)] are also 
intermediate-level disinfectants with broad-spectrum 
virucidal activity, as well as activity against a wide 
range of other microorganisms (Centers for Disease 
Control, 1985a). Some of the most commonly used 
disinfectants (certain phenolics and quaternary am
monium compounds) may fail to inactivate en
teroviruses. If the conditions are not appropriate (for 
example, if a high concentration of organic material 
is present) any disinfectant may be ineffective. 

The major exception to the previous discussion is 
the CJD (or related) agents which are commonly 
called "unconventional viruses." Limited studies to 
date on the physical and chemical inactivation kinet
ics of the CJD (or scrapie) agent have shown incon
sistent results but have suggested that slow viruses 
as a group have rather unusual levels of resistance 
(Asher et ai., 1986; Brown et ai., 1982). These data 
suggest that the CJD agent in tissue samples (not on 
surfaces or instruments) is resistant to 3 to 10% for-

Concentration or level! Activity level 

Glutaraldehyde, aqueous a 

Hydrogen peroxide, stabilized 
Formaldehyde, aqueous b 

Iodophorsc 

2% or variable 
3-6% 

High 
High 

Chlorine compounds d 

Alcohol (ethyl; isopropyiY 
Phenolic compounds, aqueous 
Quaternary ammonium compounds, aqueous 

1-8% 
30-50 mg of free iodine per liter; 70-150 mg of 

available iodine per liter 
500-5,000 mg of free available chlorine per liter 
70% 
0.5-3% 
0.1-0.2% 

High to low 
Intermediate 

Intermediate 
Intermediate 
Intermediate to low 
Low 

a There are several glutaraldehyde-based proprietary formulations on the US market, that is, low-, neutral-, or high-pH 
formulations recommended for use at normal or raised temperatures with or without ultrasonic energy, and also a formula
tion containing 2% glutaraldehyde and 7% phenol. Instructions of the manufacturer regarding use as a sterilant or disinfec
tant or regarding anticipated dilution during use should be closely followed. 
b Because of the ongoing controversy of the role of formaldehyde as a potential occupational carcinogen, the use of 
formaldehyde is recommended only in limited circumstances under carefully controlled conditions, that is, for the disinfec
tion of certain hemodialysis equipment. 
c Only those iodophors registered with the EPA as hard-surface disinfectants should be used, and the instructions of the 
manufacturer regarding proper use dilution and product stability should be closely followed. Antiseptic iodophors are not 
suitable for use as disinfectants. 
d There currently is a formulation registered with the EPA as a sterilant and disinfectant, depending on contact time, whose 
active ingredient is chlorine dioxide. The instructions of the manufacturer regarding use as a sterilant or disinfectant or 
regarding anticipated dilution during use should be closely followed. 
e With volatile products such as alcohols, careful attention should be given to proper contact time during a disinfection 
protocol. 
f For disinfection, exposure times should be 20 to 30 min. 
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malin, 70% ethanol, ethylene oxide, quaternary am
monium compounds, and ultraviolet and ionizing ra
diation but is inactivated by immersion in a sodium 
hypochlorite solution for 2 h or autoclaving at 121 DC 
for 1 h. These controversial data have led to rather 
unconventional recommendations for disinfection 
and sterilization (Committee on Health Care Issues, 
ANA, 1986). These guidelines for terminal process
ing of CJD-contaminated surfaces far exceed the 
level of treatment necessary to kill large numbers of 
bacterial spores. However, until the inactivation 
properties of CJD are studied further, it would be 
prudent for health care workers to follow the pub
lished guidelines (within reason) and handle poten
tially contaminated objects with extreme caution. 
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