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ABSTRACT
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In this study, a simple protocol was developed to test the survival
of a human rbtavims (HRV), rhinovirus type 14 (RV-14), and parain-
fluenzavirus type 3 (HPIV-3) as well as Escherichia coli (E. coli) and Sia-
phylococcus aureus {S. aureus) on human hands. HRV and E. cnli were
suspended in 10% feces in normal saline, whereas RV-14, HPIV-3 and S.
aureus were suspended in bovine mucin (5 mg/ mL) in riormal saline. Ten
uL of the test suspension was placed on each fingerpad. One mL of 20%
tryptose phosphate broth (TPB) in Earle's balanced salt solution (EBSS)
was used as an eluént for HRV, E. coli and S. aureus; EBSS alone was
used for the elution of RV-14 and HPIV-3.

At the end of each experiment with HRV, HPIV-3, E. coli and S.
aureus, hands of the volunteers were decontaminated by thoroughly
rinsing them with 70% ethanol followed by washing with a germicidal
liquid soap: for RV-14, hands were first rinsed in 5% acetic acid and then
washed with the germicidal soap.

The HRV experiments’ were carried out on six adult volunteers.
After 20, 60, and 260 minutes of virus inoculation, approximately 57, 43,
and 7%, respectively, of the input infectious virus could be recovered
from their fingerpads. The survival of RV-14 and HPIV-3 on hands was
compared using the four adult volunteers for both agents. HPIV-3 lost
nearly all of its infectivity within the first 60 minutes on the firgerpads.
In contrast to this, nearly 16% of infectious RV-14 could be recovered
even after 3 hours.

The poor survival of HPIV-3 on human hands prompted us to

investigate its survival on stainless steel disks {1 cm in diam.) under
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ambient conditions. After 20 minutes. nearly 38% of the input infectious
virus could be recovered from the disks. On the other hand, 67% of RV-
14 remained viable on the disks after 20 minutes under the same
conditions of temperature and relative humidity (RH). The ability of the
two respiratory viruses to survive well on non-porous inanimate surfaces
indicates that. once contaminated. these surfaces may act as a potential
virus source.

E. coli and S. aureus survival was tested on the hands of three
volunteers. After 60 minutes on the fingerpads. only 3.5% of the input
viable E. coli remained detectable. S. aureus was found to be more stable
and after 60 minutes r.ma.rly 41% of it remained viable.

To study the patterns of virus transfer, the following three experi-
mental models wereldeveloped and tested: finger-to-finger, finger-to-disk
and disk-to-finger. For virus transfer, the inoculum was allowed to dry
on the donor surface for the desired length of time and virus transfer was
attempted by keeping the donor surface in contact with the target
surface (recipient} for 5 seconds at a pressure of approximately |
kg/cm?2,

HRV transfer was stﬁdied 20 and 60 minutes after contamination
of the donor surface and 16% and 1.8%, respectively, of the residual
infectious virus could be transferred from contaminated fingerpads to
clean disks; conversely, when a clean fingerpad was pressed against a
contaminated disk after 20 and 60 minutes, virus transfer was 17% and
1.6%, respectively. Contact between a contaminated finger and a second

clean finger 20 and 60 minutes after virus inoculation resulted in the



transfer of 7% and 2.8%, respectively, of the residual infectious virus.
These results suggest that human hands and environmental surfaces,
singly or in combinaﬁon. have the potential to spread rotaviral infections,
particularly in institutional settings.

RV-14 and HPIV-3 transfer experiments were conducted after 20
minutes of contamination only. Irrespective of the type of donor or target
surface, only 0.7 to 0.9% of RV-14 was transferred. 'I‘ransfer of HPIV-3
from finger-to-finger or finger-to-disk co.uld not be demonstrated, but
1.5% of the residual infectious HPIV-3 was transferred from disks to
fingers. The comparatively rapid loss of HPIV-3 infectivity on hands may
reduce their potential as vehicles for transmission. These results also
suggest a role for environmental surfaces in the contamination of hands
with respiratory viruses.

Ten hand-washing agents and tap water wers compared for their
ability to eliminate HRV from the fingerpads of an aduit volunteer; three
volunteers were used to test four of these hand-washing agents and tap
water against E. coli and S. aureus. The contaminated site was exposed
to the test product for 10 seconds, rinsed in tap water, and dried on a
paper towel. The residual inoculum was then eluted for assay. Selected
agents were also tested in parallel by a whole-hand method in which the
palms of both hands were contaminated. _

Alcohols (70%) alone or with Savlon reduced HRV titre by >99%,
whereas the reductions by Proviodine, Dettol, and Hibisol ranged from
95-97%. Aqueous solutions of chlcrhexidine gluconate were sighiﬁcantly

less effective for virus elimination than 70% alcohols. Savlon in tap water
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(1:200) was found to be much less effective for eliminating HRV (80.6%)
than for E. coli (98.9%) or S. aureus (96.2%). Tap water alone and liquid
soap reduced HRV by 83.6% and 72.5%, respectively, whereas E. coli was
reduced by 90% and 68.7%, and S. aureus by 99% and 99.4%,
respectively. The results of the whole-hand method agreed well with
those of the fingerpad protocol.

Since washing hands with ordinary liquid soap and water was
found to be relatively ineffective for the elimination of HRV, we tested to
determine if the use of such a hand-washing agent could result in the
spread of localized HRV contamination to a wider areé of the hands
during washing. One hand was contaminated with fecally-suspe_nded
HRV and the inoculum allowed to dry. Both hands were then washed
together using the soap and water and dried. Infectious HRV could be
recovered from the second hand.

We compared the cfficiency of paper-, cloth- and an electric blow
dryer in further reducing the level of infectious rotavirus and E. coli
remaining on fingerpads washed with sither 70% isopropanol, Savlon in
water (1:200), an umnedicated liquid soap, or tap water alone. The
contaminated area on the fingerpads of a volunteer was exposed to the
hand-washing agent for 10 seconds and then rinsed in 40°C tap water.
The washed areas were dried for. 10 seconds using one of the 3 methods.
Irrespective of the hand-washing agent used, warm air drying produced
the greatest and the cloth the smallest reduction in the numbers of both

test organisms. These findings indicate the importance of the proper
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drying of washed hands, particularly when less effective hand-washing
agents are used. |

The results of this study show thzt HRV, RV-14 and S. aureus can
survive on human hands long enough to permit their spread through
hands. In contrast to this, parainfluenzaviruses and E. coli appeared to
be limited in their capacity to survive on hands. The differences found
in the efficacy of commonly used hand-washing agents against HRV and
~ the bacteria tested point to the importance of testing such products by

proper in vivo protocols using represeritative viruses.
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I. THE ROLE OF HUMAN HANDS IN THE SPREAD OF
INFECTIOUS DISEASES

The first step in the spread of an infection is the deposition of the
causative agent at the portal of its entry in an amount sufficient to ini-
tiate the process of infection. The various vehicles involved in the spread
of enteric and respiratory infections are depicted in Figures 1 and 2,
respectively.

Hands are particularly importaht in domestic settings and in
institutions where care-givers have frequent contact with young children
(Adler, 1988; Ekanem et al., 1983; Hendley, 1973; Lemp et al., 1984). In
those daycare centers where the same staff was involved in diaper chan-
ging and cooking, the frequency of outbreaks of infections was signifi-
cantly higher (Hadler et al., 1980; 1982}. Viral antigens (Samadi et al.,
1983) as well as infectious viral particles (Faix, 1985; Hutto et al., 1986:
Keswick et al., 1983a; Pickering et al., 1986) have been recovered from
the hands of care-givers. It should, however, be noted here that properly
controlled studies to generate direct evidence in this regard are
particularly difficult to design and even harder to conduct mainly
because of ethical considerations, numbers of variables involved and
budgetary constraints.

In the following paragraphs a review of outbreaks of infectious
diseases, especially enteric and respiratory infections, in institutional
settings is presented to provide the basis for consideration of the
potential role of hands in the spread of infectious diseases. It may also
reflect the difficulties involved in demonstrating unequivocally that

hands play a direct role in the spread of infectious diseases.



Figure 1. Vehicles involved in the spread of enteric infections.
(broken lines indicate that transmission of pathogens
through these route is possible but evidence
for it is lacking)
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Figure 2. Vehicles involved in the spread of respiratory infections.
(broken line indicates that transmission of respiratory
pathogens through this route is possible but
evidence for it is lacking)
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1. Hospitals:

Outbreaks of nosocomial infections (Allen and Ford-Jones, 1990;
Coovadia et al., 1989; Davies et al.,, 1987; Ford-Jones, 1987; Jones and
Martin, 1987, Sihgh-Naz et al., 1990) continue to be a serious problem.
Such infections not only increase the morbidity rate but because of the
extended hospital stay, add a significant economic burden (Matson and
Estes, 1990). In the United States, approximately two million nosocomial
infections occur annually in acute-care ﬁatients (Haley ét al., 1985). In
Canada, nosocomial infections are estimated to cost the health-care
system 3 hundred million to 1 billion dollars annually (Losos and
Trotman, 1984). The actual figure may be much higher because the
impact of viral infections is often underestimated due to the difficulties
and limitations associated with viral diagnosis (Brandt et al.,, 1986;
Dagan et al., 1985; Jarvis et al., 1984).

Outbreaks of bacterial and viral infeciions in hospital pediatric
wards and nurseries (Boyer et al., 1975; Davies et al., 1987; de Torres et
al., 1978; Eisenbach et al., 1972; Gardner et al.,, 1973; Meissner et al.,
1984; Mufson et al., 1973; Pacini et al.,, 1987; Rabkin et al., 1988;
Valenti and Wehrle, 1986; Vial et al.,, 1988) and in neonatal intensive-
care units (Rotbart et al., 1983; Klein et al., 1984; Tufvesson et al., 1986;
Valenti et al., 1982) are common (Ford- Jones, 1987). There are reports
of nosocomial viral infections in adult patients as wéll (Mathur et al.,
1980; Marrie et al., 1982; Rahman, 1979). Children and adults with
underlying immunosuppressive or debilitating conditions are at
particular risk of contracting nosocomial infections (Donowitz, 1987;
Hughes and Jarvis, 1987). In a prospective study, viruses were fouﬁd to

be responsible for 14.3% of all nosocomial infections in a pediatric



hospital (Welliver and McLaughlin. 1984). The most common infections
were respiratory and gastrointestinal, amounting to 23.9% and 16.8%,
respectively, of all infections. Viruses caused 1/3 of all nosocomial in-
fections in the infant ward, prolonging hospital stay and causing death
due to respiratory and congestive heart failure.

Rotaviruses have been described as a frequent cause of nosocomial
diarrhea among children {Blaufuss, 1983; Chapin et al., 1983: Dennehy
and Peter, 1985; Di Matteio et al.,, 1989; Hjelt et al., 1985: Matson and
Estes, 1990:.Middleton et al., 1977; Noone and Banatvala, 1983: Ryder
et al., 1977). Attack rates of nosocomial rotavirus infectl:on have been
reported to be as high as 17% on infant wards, and the associated
gastroenteritis usually prolonged hospitalization by several days
(Dennehy and Peter, 1983; Flewett, 1982; Noone and Banatvala, 1983).

There are reports of possible involvement of contaminated hands in
nosocomial outbreaks of" rotavirus gastroenteritis. In an earlier study -
(Samadi et al., 1983} in a health clinic, hand-washings were sampled for
the presence of rotaviruses; rotavirus antigen was detected in 78% of the
hand-washings of those attending to infants with rotavii'al diarrhea.
Moreover, rotavirus antigen was also identified in hand-washings of 19%
of the personnel not in direct contact with rotavirus-infected infants. This
indicates that not only the hands of care-givers can be contaminated
with rotaviruses but in fact, virus can be transferred to other personnel
as well. Hospital staff may also be involved in spreading rotaviruses from
one area of the hospital to ancther via cdntaminat'ed hands and
garments (Cubitt et al., 1980: Middleton, 1982).

| Enteric adenoviruses also cause nosocomial infections (Chany et

al.,, 1958; Vihma, 1969; Yolken et al., 1982); persons with congenital



immunodeficiency and immunosuppressed cancer or transplant patients
may be at particular risk of severe, or eveﬁ fatal, adenovirus infections
(Stalder et al., 1977; Yolken, 1983). However, like CMV, some of the
infections in such patients may be due to the reactivation of an indi-
genous virus (Shields et al., 1985). Nevertheless several outbreaks of
adenovirus-associated epidemic keratoconjunctivitis in health-care
settings have been reported to be caused by fomites and hands have
. been implicated as important vehicles in such outbreaks (Harrison et al.,
1979: Hendley, 1973; Levandowski and Rubenis, 1981; Straube et al,,
1983: Tullo and Higgins, 1980).

Members of the family Picornaviridae are also involved in nosoco-
mial infections. So far, there are published reports of at least 18
outbreaks of echovirus infections in neonatal nurseries {Carolane et al.,
1985; Hughes and Jarvis, 1987; Kinney et al., 1986; Modlin, 1986
Rabkin et al., 1988). An echovirus infected adult or a vertically infected
neonate was thought to be the source for subsequent nosocomial spread
of echovirus infection to other infants (Davies et al., 1979; Mertens et al.,
1982; Nagington et al., 1978; 1983). It was suggested that the echovirus
spread among the infants might have occurred vid contaminated hands
of health-care personnel (Modlin, 1988).

In recent years, there has been an increase in the reports on
hepatitis A virus-related outbreaks of disease in hospitals (Goodman et
al., 1982; Noble et al., 1984; Orenstein et al., 1981; Reed et al., 1984).
One outbreak in a neonatal intensiire care unit was believed to have been
spread by contaminated .hands of the nursing staff (Klein et al., 1984),

Nosocomial rhinovirus infections have: regularly been reported

(Kellener et al., 1988; Krilov et al., 1986; Valenti et al., 1982) and there is
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considerable experimental evidence for hands as the vehicles for
rhinovirus colds (Hendley and Gwaltney, 1988; Gwaltney et al., 1978).

Respiratory syncytial virus (RSV), parainfluenzaviruses and res-
piratory adenoviruses are also frequently involved in nosocomial
infections (Meissner et al., 1984; Ford-Jones, 1987; Hall, 1983: Singh-
Naz et al., 1990; Valenti and Wehrle, 1986). RSV appears to be the most
common cause of hospital-acquired respiratory infection in nurseries and
on pediatric wards during community outbreaks (Chanock et al., 1989).
One study has shown that 45% of infants who stayed in a hospital for 1
week or more became infected with RSV. Furthermore, all of the infants
who were hospitalized for 4 weeks or more, contracted RSV-associated
respiratory infections (Hall et al., 1975).

Parainfluenzaviruses are second only to RSV as important causes
of lower respiratory tract disease in young children, and commonly
reinfect older children and adults to produce upper respiratory illnesses
(Bisno et al., 1970; Glezen et al., 1989). They are commonly detected in
cases of nosocomial infections in children on pediatric wards (Gardner et
al., 1973; Mufson et al., 1973; Sims, 1981; Welliver and McLaughlin,
1984) and in neonatal units (Meissner et al., 1984}.

The major mode of transmission of RSV was thought to be through
droplet nuclei or small particle aerosols, but more recent evidence
indicates that the spread is rather by large droplet or fomites, requiring
either close contact with infected infants or contamination of hands and
subsequent self-inoculation (Hall, 1980; Hall and Douglas, 198la;
1981b). |

S. aureus and E, coli ‘are also important nosocomia‘l bacterial

pathogens. In recent years, methicillin-resistant strains of S. aureus
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(MRSA) have become a major cause of nosocomial infections {Farrington
et al., 1990). These organisms are frequently recovered from the hands of
hospital personnel (Eisenbach et al.,, 1972; Rammelkamp et al., 1964;
Sprunt et al., 1973). Boyer et al. (1975) recovered fecal coliforms from the
hands of nursery personnel during an outbreak of gastroenteritis. Direct
contact with contaminated articles was shown to be the cause of hand
contamination; the use of disposable gloves by the nursery staff is
believed to have resulted in the control of the outbreak.

2, Daycare centres:

Outbreaks of a variety of enteric infections frequently occur in
daycare centres for in-fants and children and are caused by a variety of
agents such as Giardia (Black et al., 1977; Pickering et al., 1981; Polis et
al., 1986), Shigella sp. {Pickering et al., 1981; Weisman et al., 1975), E,
coli (Bower et al., 1989; Ekanem et al., 1983; Paulozzi et al., 1986; Spika
et al., 1986; Wenigen et al., 1983), Campylobacter sp. (Blaser and Reller,
1981), rotaviruses (Bartlett et al., 1988; O'Ryan et al., 1996: Pickering et
al., 1981;. Pickering et al., 1986), and hepatitis A virus {Hadler and
McFarland, 1986).

Respiratory pathogens most commonly involved in daycare centres
~ are Hemophilus influenzae type B (Ward et al., 1978), RSV (Hall et al.,
1980), parainfluenzaviruses (Denny and Clyde, 1986} and rhinoviruses
(Gwaltney, 1989). Daycare centres also appear to be conducive to the
transmission of cytomegalovirus (CMV) infections {Adler, 1988; Hutto et
al., 1986; Pass et al., 1984; 1986). CMV was recovered from the hands of
three children and one of seven teachers and from toys during a random
survey in a daycare center (Hutto et al.,, 1986). Survival of CMV was

demonstrated on diapers, toys and hands of daycare personnel (Faix,



1985; Hutto et al., 1986; Schupfer et al., 19886).

Asymptomatic viral infections are also common in daycare centres
(Barron-Romero et al., 1985; Friedman et al., 1988; Pickering et al.,
1988). In some outbreaks of diarrhea in daycare centres, multiple patho-
gens have been isolated from children with diarrhea (Archer. 1989;
Ekanem et al., 1983).

Although enteric viruses and bacteria have beer_l isolated from
environmental surfaces {Ekanem et al...1983: Keswick et al., 1983a;
Pancic et al., 1980; Wenigen et al., 1983), contaminated hands of chil-
dren attending daycare centre as well as their care-givers are probably
the main vehicle for the spread of infections. Some of the respiratory
viruses may also spread via fomites-hand transmission routes (Gwaltney
and Hendley, 1982; Hall et al.,, 1980). Children and staff infected in
daycare centres may infect their close contacts in domestic settings
(Barron-Romero et al.,, 1985; Hadler and McFarland, 1986; Pass and
Hutto, 1986; Vernon et al., 1982).

3. Nursing homes:

Nursing homes provide another suitable environment for infectious
diseases and there are frequent reports of outbreaks of enteric and
respiratory diseases in such institutions (Arroyo et al., 1984; Carter et
al., 1987; Fauvel et al., 1980; Halvorsrud and Orstavik? 1980; Jackson et
al., 1990; Kaplan et al.,, 1982; Lewis et al., 1989; Mathur et al., 1980:
Patriarca et al., 1986; Ryan et al., 1986; Tulloch et al., 1973). In some
nursing institutions, enteric viruses were associated with 34% of the
cases of diarrhea, whereas bacteria accounted for only 14% {Penland and
Penington, 1980).

Carter et al. (1987) reported a severe outbreak of E. coli 0157:H7-
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associated hemorrhagic colitis in a nursing home. The source of the
outbreak was contaminated sandwich meat but the secondary spread
occurred through person-to-person contact and resulted in the deaths of
an overall 19 (35%) of the affected residents.
4. Other institutions:

Outbreaks of infectious diseases also occur in schools (Hara et al.,
1976; Koopman, 1978; Sutmoller et al.,, 1982), military barracks
(Bancroft and Lemon, 1984), jails (McFarlane and Embil, 1982), and
centres for fhe mentally retarded (Lehman et al., 1978; Matthew et al.,
1973; Pavia et al., 1990). To what extent hands are involvéd in outbreaks
of these diseases in such institutional settings is not fully understood.

Koopman (1978) reported that at least 44% of diarrhea cases in
school children in Cali, Colombia, were related to unhygienic toilet condi-
tions. Ekanem et al. (1983) found wide spréad contamination of
classroom objects (espevially toys and classroom floors) with fecal.
bacteria. They isolated fecal coliforms from the hands of children and
teachers with greater frequency during outbreak periods than on routine
sampling; recovery rates of fecal coliforms were higher in teéchers caring
for non-toilet trained infants than those responsible for older age grdups.
A total of 11 outbreaks occurred in the five centres during the study
period. Rotavirus was identified in four of the outbreaks in a total of 19.
children, 13 of whom were ill at the time of specimen collection. They
concluded that contaminated hands of children and staff probably played
an important role in the dissemination of fecal bacteria and viruses in
the school studied. |

| A study conducted during a non-outbreak period detected the

presence of rotaviruses on environmental surfaces and on the hands of a
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teacher (Keswick et al., 1983a). These observations suggest that several
agents, including rotavirus, can remain infectious on environmental
surfaces long enough to be transmitted to susceptible individuals.
Though there are several laboratory studies carried out to investigate the
survival of rotaviruses on various environmental surfaces and in air (ljaz
et al., 1985; Prince et al,, 1986; Sattar et al., 1986), no information is
available as to how long and to what extent rotaviruses can survive on
- human hands and how efficiently these viruses can be transferred from
contaminated to clean surfaces. Black et al. (1981) demonstrated a
significant reduction in diarrhea rates in daycare centres where a
rigorous hand-washing program was instituted.

In view of the information presented above, it is clear that the
outbreaks of certain enteric and respiratory infections are frequent
especially in institutional settings. Isolation of enteric and respiratory
pathogens from surrounding environmental surfaces and hands of
personnel strongly suggests that these surfaces and human hands may
play a vehicular role in the spread of infectious diseases not only within
these centres but also to the household contacts and eventually into the
community.

In order to establish the role of human hands or environmental
surfaces in the spread of infectious diseases, it is very important to know
how well an infectious agent survives on inanimate surfaces and hands,
and how well it can be transferred from contaminated surfaces including
human hands to clean surfaces or hands. Once the role of hands is
established, the next logical approach would be to investigate the efficacy
of various antiseptics against an infeétious' agent aimed at finding

reliable chemical agents to interrupt the transmission of infectious
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diseases. Finally with this information effective hand-washing guidelines
can be formulated. This study was therefore undertaken to provide
answers to these questions. In this study, two enteric pathogens (human
rotaviruses, and E. coli}, two respiratory pathogens (human rhinovirus
type 14 and human parainfluenzavirus type 3) and S. aureus, a
representative Gram-positive bacterium, were selected. The selection of
the test organisms was based on their biological characteristics as well
as their relative sigmﬁcance in institutional outbreaks. This information
is briefly summarized in the following section.

5. Rotaviruses

On a global basis, rotaviruses are the most important viral patho-
gens in diarrheal disease requiring treatment or hospitalization of young
children (Kapikian and Chanock, 1989). In developing countries, they
account for nearly 6% of all diarrheal episodes and 20% of all diarrhea-
associated deaths in children under 5 years of age (de Zoysa and
Feachem, 1985). In industrialized countries as well, rotaviral gastro-
enteritis is a major cause of hospitalization of infants and young children
(Brandt et al., 1983; Di Matteo et al., 1989; Donelli et al., 1988; Kapikian
and Chanock, 1989:" 'Madeley, 1983: Middleton et al., 1977). In the U.S.
(Ho et al., 1988}, rotaviral infections resuit in 50-90 deaths and about
66,000 hospitalizations each year.

Rotaviruses are members of the family Reoviridae. They are
icosahedral viruses with two capsid layers and a diameter of 65-75 nm.
The viral genome is composed of 11 segments of double-stranded RNA
(Kapikian and Chanock, 1990). Thé majority of human and animal rota-
viruses known share a common group antigen and are termed group A

rotaviruses. This group contains at least 6 serotypes of human rotaviru-
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ses (Kapikian and Chanock, 1990). Non-group A rotaviruses belong to
groups B-F depending on their group specific antigen (Estes and Cohen,
1989). Present lack of information has made it difficult to assess the rela-
tive significance of non-group A rotaviruses in human disease. Rotaviral
infection in the non-immune host generally results in profuse diarrhea
with or without vomiting, fever or respiratory illness (Kapikian and
Chanock, 1989). Virus shedding in the feces occurs and usually lasts for
5-7 days. In severe cases, rapid dehydration can lead to renal
shutdown and death (Carlson et al., 1978: McCormack, 1982}.

Reinfections with rotaviruses frequently occur (Bishop et al., 1983).
A study in Argentina. (Grinstein et al., 1989) showed at least 61% of
rotavirus infections to be reinfections. Neonates and children are often
asymptomatic rotavirus excretors (Barron-Romero et al., 1985:
Champsaur et al., 1984; Vial et al., 1988). In adults, infections due to
group A rotaviruses are generally milder than those by_ non-group A
rotaviruses (Hrdy, 1987; Hung, 1988; Kapikian and Chanock, 1989: Su
et al., 1986; Wang et al., 1985).

Rotaviruses are mainly transmitted from man to man by the fecal-
oral route. In natural settings transmission from animals to man has not
. been demonstrated, although non-group A rotaviruses which caused
epidemic diarrhea in adults in China (Hung et al., 1984) were also found
in contaminated water and in pigs. Experimentally, rotaviruses can cross
species barriers (Bishop, 1986; Mebus et al.,, 1976: Middleton et al.,
1976; Torres and Lin, 1986; Wryatt ef al., 1976). In volunteer studies,
ingestion of viable rotavirus particles can infect humans (Kapikian et al.,
1983; Ward et al., 1986) and challenge studies in both humans (Ward et
al., 1986) and animals (Graham et al., 1987) show the minimal infective
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dose to be as little as one cell culture infective unit.

As has been mentioned above, outbreaks of rotaviral infection are
common in infants and young children in domestic (Champsaur et al.,
1984: Grinstein et al., 1989), and institutional settings (Allen and Ford-
Jones, 1990; Chan et al., 1989; Cone et al., 1988; Di Matteo et al., 1989;
Ford-Jones, 1987: Guerrant et al., 1990; Hjelt et al., 1985; Maderova et
al., 1987: Middleton et al., 1977; Noone and Banatvala, 1983; Raad et
al., 1990; Roggeri et al., 1989; Bartlett et al., 1988; Barron-Romero et
al., 1985; Guerrant et al., 1990; Keswick et al., 1983b; Pickering et al.,
1981; Brown et al., 1989; Chiba et al., 1981; Hara et al., 1976; Linhares
et al., 1983; Matsumoto et al., 1989).

One of the prerequisites for the vehicular spread of any virus is its
ability to survive in or on a given vehicle and, in general terms, the
chances of virus transmission by that vehicle increase in direct
proportion to the length of virus survival. Apart from the nature of the
vehicle itself, there are certain other factors which influence, directly or
indirectly, the capacity of viruses to survive. Figure 1 shows the vehicles
which may play a role in the spread of rotaviral gastroenteritis. It is
almost certain that insects such as house flies mechanically spread rota-
viruses under conditions of poor sanitation and hygiene.

Although it has been suggested that air may play a role in the
spread of rotaviral gastroenteritis in institutional settings (Brandt et al.,
1982: Brandt et al., 1984; Flewett, 1982; Fragosa et al., 1986; Goldwater
et al., 1979; Nigro and Midulta, 1983)., so far, there is no direct evidence
to support this view. There is only one published report where airborne
spread of an outbreak of rotaviral diarrhea in an island population was

documented based on retrospective epidemiological evidence (Foster et
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al., 1980).

Rotavirus spread is believed to have occurred through water in a
number of outbreaks (Hopkins et al., 1984; Hung et al., 1984; Linhares
et al., 1981; Lycke et al., 1978; Morens et al., 1979; Murphy et al., 1982;
Sutmoller et al., 1982; Tulchinsky et al., 1984; Zamotin et al., 1981).

6. Rhinoviruses

Rhinoviruses, also known as "common cold viruses”, account for
about 30% to 50% of all respiratory illness (Couch, 1990). These are
small (20—30 nm in diameter) non-enveloped, single stranded RNA
viruses of the family Picornaviridae (Gwaltney, 1989). Siﬁce their first
recognition, more than 100 serotypes have so far been described in the
literature.

In the temperate regions, rhinoviruses are most prevalent from
spring through early fall. Several rhinovirus serotypes often circulate
simultaneously within a given population. In a Chicago nursery school,
14 different serotypes were isolated during the academic year, but 10 did
not spread beyond the index case; only three types disseminated widely;
infecting more than 40% of the children. Although the pattern of local
prevalence of certain serotypes in a particular time interval seems well
established (Fox et al., 1985), it is not clear whether some serotypes
spread more easily than others. .

Ordinarily, rhinoviruses cause mild upper respiratory illness. How-
ever, these organisms can cause serious respiratory disease, especially
acute exacerbations of asthma. It has been suggested that rhinoviruses
are the most common cause of asthma attacks in children aged 4 and
oldér and that respiratory syncytial virus is most important in children of

younger ages. Another recent report suggests a significant association
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between rhinovirus infection and pulmonaiy disease in hospitalized
infants and children (Krilov et al., 1986). Rhinoviruses also cause lower
respiratory infections among adults. These studies confirm that
rhinoviruses are capable of causing illnesses that are far more serious
than generally realized.

It is well established that thousands of virus particles per mL are
recovered from nasal washings of infected persons (D'Alessio et al., 1976;
Douglas et al., 1966) and that less than one tissue culture infective dose
can infect adults when given via aerosol (Cate et al., 1965), or inoculation
of the nasal passages, or the mucosa of the anterior nares (Couch et al.,
1966; D'Alessio et al., 1976; D'Alessio et al., 1984).

Epidemiological studies have shown that homes, schools, and
other semi-closed institutions provide excellent sources of rhinovirus
colds in the general population (D'Alessioc et al., 1976, 1984; Meschievitz
et al., 1984; Gwaltney, 1989), and that school-age children have higher
rates of rhinovirus infection and are, therefore, considered as important
reservoirs of these viruses (Beem, 1969; Gwaltney, 1989; Pereira et al.,
1967; Fox et al., 1985),

The mechanism(s) of spread of these respiratory viruses are not
clear. Based on the epidemiologic data, transmission of a rhinovirus cold
is believed to occur through the airborne route or by direct person-to-
person contact or indirectly via hands and fomites; but which route is
more efficient for rhinovirus spread is still unresolved. In the last 15
years, data generated in this regard, have created two different schools of
thought: one stresses the role of hand contact followed by self-
inoculation as eminent in rhinovirus trahsmisSion (Gwaltney, 1989) and

the other emphasizes air as the most important vehicle for rhinovirus
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spread (Dick et al., 1987; Jennings et al., 1988).

Rhinoviruses have been recovered from environmental surfaces
(Reed, 1975) and hands (D'Alessio et al., 1976; Hendley et al., 1973), and
they are capable of surviving on surfaces for days {Hendley et al., 1973)
and under conditions of non-use, rhinovirus type 13 (RV-13) dried on the
skin surface of hands survived up to 3 hours (Hendley et al., 1973).
These viruses have been shown to survive for at least 3 hours on
experimentally-contaminated formica, stainless steel, nylon and plastic
surfaces (Hendley et al., 1973: Reagan et al., 1981; Reed, 1975; Sattar et‘
al., 1987).

Studies on the survival of rhinovirus type 14 on stainless steel
disks in our laboratory have shown that RH affects greatly the survival
capacity of these viruses. The half-life of the mucin suspended virus at
high (80+5%), medium (50+5%) and low (20+5%) RH were 1.42, 0.55,
and 0.24 hours, respectively (Sattar et al., 1987).

Spontaneous hand-nose movements are quite common (Hendley et
al., 1973), thereby facilitating self-inoculation with virus on hands or
contamination of hands with virus.

Successful transmission of rhinovirus infections was accomplished
by direct transfer of nasal mucus via the fingers {Gwaltney et al., 1978)
or through fomites (Gwaltney and Hendley, 1982). Transmission by the
air-borne route was more difficult {Gwaltney et al., 1978) and only one of
12 persons was infected by 15 minutes of contact-free exposure to a
rhinovirus infected volunteer seated at the same table.

7. Parainfluenzaviruses |
Parainﬂuenzavirusgs are 150-200 nm in diameter;. they are

enveloped viruses and belong to the genus Paramyxovirus of the family
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Paramyxoviridae (Chanock and McIntosh, 1990}. These viruses possess a
" negative single-stranded RNA genome. Sc far, there are four antigenic
types of human parainfluenzaviruses recognized. Among the respiratory
viruses, parainfluenzaviruses are important etiologic agents causing
upper as well as lower respiratory tract infections of young children.
Among older children and adults, they commonly reinfect to produce
upper respiratory illnesses (Glezen et al., 1984). Types 1, 2, and 3 were
shown to cause croup and type 3 is responsible for severe lower
respiratory illnesses such as pneumonia and bronchiolitis (Chanock and
Parrot, 1965; Chanock. et al., 1963; Glezen and Denny, 1973; Glezen et
al., 1984: Kim et al., 1961; Korppi et al., 1988); infections with type 4
parainfluenzavirus are detected infrequently, and associated ilinesses are
usually mild.

Although mortality due to parainfluenzavirus infections is quite
low, the high morbidity rates associated with them result in significant
economic loss every year (Merigan, 1982). Parainfluenzaviruses are
second only to the respiratory syncytial virus in causing lower respiratory
tract infections in young children {Chanock and McIntosh, 1990). In
Europe and North America parainfluenzavirus type 3 is the most
 common parainfluenzavirus isolated from severely ill infants (Glezen et
al., 1989). The morbidity of parainfluenzaviral infections may be more
prominent in the elderly and chronically ill. Outbreaks of parainfluenza
in nursing homes have been associated with an increased incidence of
pneumonia and hospitalization (CDC, 1'978).

Parajnﬂueniavims types 1 and 2 cause community outbreaks in
the fall, often in alternate years; type 3 used to be endemic throughout
the year, but recently has shown clustering during spring and lasting
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into the fall (Glezen et al., 1984). Several animal species appear to be
natural hosts to parainfluenzaviruses, with the exception of
parainfluenzavirus type 4, which has been found only in humans,
Naturally-acquired antibodies to parainfluenzaviruses are found in cows,
rodents, monkeys, and rabbits.

Apart from the infections observed in the general population
(Denny and Clyde, 1986; Glezen and Denny, 1973; Hendley et al., 1969;
Korppi et al.,, 1988; Monto, 1968), these viruses frequently cause
outbreaks in hospitals (DeFabritus et él.. 1979 Gardner et al., 1973:
Glezen et al., 1971; Meissner et al., 1984; Mufson et al., 1973; Singh-Naz
et al., 1990; Valenti et al., 1982), chronic care facilities (CDC, 1978),
institutions for the mentally retarded (Jackson et al.,, 1990), schools
(Beem, 1969; Pereira et al.,, 1967), daycare centres (Denny and Clyde,
1986; Loda et al., 1972), and other institutional settings (Hamre et al.,
1966).

Infections caused by these viruses cause much sneezing, coughing,
and production of profuse nasal discharge. Nasal discharges from
children with primary parainfluenzavirus infections have been found to
contain approximately 1000 TCIDgq/mL of infectious virus (Hall, 1977).
The secretions disseminated through coughs and sneezes are mostly in
the form of particles greater than 15 um in diameter (Couch et al., 1966).
In order for particles of this size to be inhaled, close person-to-person
contact is required (Couch et al., 1966). The routes of inoculation that
occur naturally have not been studied completely. Adults have been
infected experimentally by intranasal and oropharyngeal inoculation, but
the eye and anterior oral cavity as sites of inoculation have not been

similarly examined (Kapikian et al., 1961; Tyrrell et al,. 1959).
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The actual mode of parainﬂuehza virus transmission, whether by
direct person-to-person contact or via large droplet, or small- particle
aerosol or indirectly via fomites or hands remains unknown. During
parainfluenza outbreaks in Lospitals and in nursing homes, clustering of
cases and occurrence of illness in personnel having close contact with
patients, suggest direct person-to-person transmission of virus (Chanock
and McIntosh, 1990).

Airbormme parainfluenzaviruses, at room temperature, have been
found to sux;vive better at 20% RH than when the RH is at 50 or 80%
(Miller and Artenstein, 1967). Studies carried out in- South Polar
environment by Parkinson et al. (1983) showed that parainﬂuenza\{irus
type 1, with an initial titre of 3.78 log)g TCIDgg/mL, was completely
inactivated after 4 days indoors and after 7 days outdoors.

Parainfluenzavirus types 2 and 3, with initial titres of 5.58 and 5.38

log1p TCIDsg/mL, respectively, were inactivated after 7 and 12 days, .

respectively, at room temperature, and after 17 days of storage outside.
In that study, viruses were applied to the bottom inner surface of plastic
Petri plates with a nebulizer. Hanks balanced salt solution containing
0.5% gelatin was added to the nebulizer chamber together with 1.0 mL of
the stock virus solution. Although no statistical differences between virus
inactivation at room temperature and outside storage were demon-
strated, viruses in the warmer inside environment consistently showed
earlier inactivation.

A recent paper (Brady et al., 1990) on the survi\fai of parainflu-
enzaviruses on environmental surfaces reports that the virus can be
recovered from facial tissue up to 2 hours and from formica and steel

surfaces parainfluenzavirus type 2 was recoverable 2 hours after ino-
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culation when the inoculum was allowed to d.ry. However, when the ino-
cula on these non-porous surfaces were kept moist, parainfluenzavirus
could be recovered as long as 10 hours after contamination. There are no
reports on the survival of parainfluenzaviruses on human hands.

8. Escherichia coli

Esherichia coli (E. coli) is a Gram negative, rod-shaped bacterium
which normally inhabits the gut of humans and warm-blooded animals.
- In this ecologic setting, E. coli is considered to be a part of the normal
microbiological flora, except for a few divergent strains that can cause
severe gastrointesﬁnal tract and urinary tract infections. So far, five
different types of diarrheagenic E. coli have been identified (Levine, 1987).
They are designated as enteropathogenic E. coli (EPEC), enterotoxigenic
E. coli (ETEC), enteroinvasive E. coli (EIEC), enterohemorrhagic E. coli
(EHEC), and enteroadherant E. coli (EAEC). EAEC is still not well
characterized. Serotyping of E. coli is based on the type of somatic (O)
and flagellar (H) antigens they carry. There are currently 164 'O' and 56
'H' serogroups. These diarrheagenic strains differ in their pathogenesis,
clinical features, epidemiology and O:H serotypes {Levine, 1987).

E. coli spreads through the fecal-oral route (Harris et al., 1985;
Kessner et al, 1962; Paulozzi et al., 1986). Animal to human
transmission has also been reported (Smith et al., 1965). E. coli has
frequently been isolated from hands of hospital personnel and hands are
suggested to be a major vehicle of their spread (Eisenbach et al., 1972;
Salzman et al., 1967; Sprunt et al., 1973). In hospitals, EPEC has been
shown to be transmitted by direct contact, by air or dust, and via fomites
(DuPont, 1982). Asymptomatic adult excretors of EPEC strains have been

blamed for the spread of the disease in infants and young children
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(Kessner et al., 1962). Possible spread of E. coli through the respiratory
route has been suggested by some workers (Boris et al., 1964; Kessner et
al., 1962).

Diarrheagenic E. coli strains are important causes of
gastrointestinal fllness throughout the world. EPEC-associated outbreaks
of diarrhea occur mostly in hospitals and daycare centres (Bower et al.,
1989; Paulozzi et al., 1986), bu.t community-based outbreaks (Boris et
al., 1964; Echeverria et al., 1987; Kessner et al., 1962) and sporadic
cases (Ulshen and Rollo, 1980) are also frequently observed. Studies of
diarrhea cases based on hospital surveys have indicated that EPEC
strains are responsible for 10 to 40% of illness (Boris et al., 1964;
Gurwith and Williams, 1977). In developing countries, EPEC is a
common cause of endemic infantile diarrhea (Charaeomorakot et al.,
1987; Echeverria et al., 1987; Moyenuddin and Rahman, 1985). These
strains are also potential etiologic agents of nosocomial diarrhea of
infants in developed countries (DuPont, 1982).

ETEC is most prevalent in North America, contributing up to 86%
of the cases of diarrhea (Echeverria et al., 1975; Gurwith and Williams,
1977; Kapikian et al., 1976; Pickering et al., 1978). ETEC strains may
cause epidemics of diarrhea in hospital nurseries (Guerrant et al., 1976;
Ryder et al., 1976). ETEC is involved in 40-70% cases of diarrhea in
United States travelers to Latin America (DuPont et al., 1976; Gorbach et
al., 1975; Merson et al., 1976). ETEC infection with high morbidity and
mortality is more common in Third World countries .

EHEC have been associated with outbreaks of enteric disease in
schools, daycare centres (Spika et al., 1986), nursing homes (Carter et
al., 1987; Ryan et al., 1986; Stewart et al., 1983), and in the community



(Lopez et al., 1989; Rogers et al.,, 1986; Tarr and Hickman, 1987). Many
of these outbreaks were related to the consumption of beef (Riley et al.,
1983; Ryan et al., 1986; Stewart et al., 1983). Though results from
earlier investigations suggested that EHEC spread via food (Riley et al.,
1983; Ryan et al., 1986), outbreaks in nursing homes in Canada, have
shown both common-food and secondary person-to-person transmission
(Waters, 1985; Carter et al.,, 1987; Hockin et al.,, 1987; Stewart et al.,
1983). Similarly, person-to-person transmission appeared to be the
predominant mode of spread of hemorrhagic colitis in daycare centre
outbreaks in North Carolina (Spika et al., 1986). The patterns of food-
borne transmission of EHEC in the community and institutions and
secondary person-to-person spread are similar to the mode of spread
observed with EPEC (Paulozzi et al., 1986) and EIEC (Marier et al., 1973).

EIEC has been incriminated in traveler's diarrhea (Wanger et al.,
1988). This organism is also a common cause of illness in pediatric
populations in certain developing countries (Taylor et al., 1986). More
recently EIEC has been well documented as a cause of diarrheal disease
in outbreass with contaminated cheese, on a cruise ship, and in a
mental institution {Harris et al., 1985; Snyder et al., 1984; Tulloch et al.,
1973). |

EAEC has also been documented in traveler's diarrhea (DuPont,
1982). There is increasing evidence of diarrhea in infants and young
children due toc EAEC ( Nataro et al., 1987).
9. Staphylococcus aureus

Staphylococcus aureus (S. aureus) is a Gram-positive bacterium. S,
aureus strains can be divided into four major categories: (1) penicillin-

sensitive (2) penicillin-resistant that are susceptible to methicillin,
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oxacillin, naficillin and the cephalosporins; (3) strains with "borderline”
resistance; and (4) MRSA that are resistant to methicillin, oxacillin and
naficillin and should be considered resistant to cephalosporins. This
organism is an important human pathogen throughout the world. Epide-
mics by MRSA strains are frequently involved in outbreaks in hospitals
(Farrington et al., 1990), especially in new-born nurseries {Coovadia et
al., 1989), and in tertiary-care facilities (Ribner et al., 1989)). MRSA is
also a problem in nursing homes (Stdrch et al., 1987). Food-poisoning by
enterotoxin of coagulase-positive strains of S. aureus is another problem
in many countries.

Rammelkainp et al. {1964) have»described elegantly how the spread
of S. aureus occurs in neonatal nurseries. They found that staphylococci
do not frequently spread from a colonized baby to other infants in a nur-
sery unless the babies are cared for by the same personnel. Only 3 of 91
infants acquired staphylococci from a colonized baby. However, when two
nurses who had picked up staphylococci on their hands were allowed to
handle non-colonized babies using routine techniques, 20% acquired
their care-taker's strain. Hands of hospital perscnnel have been
incriminated as the major vehicle in the transmission of MRSA from one
patient to another within hospitals (Crossley et al., 1979; Peacock et al.,
1980: Rammelkamp et al., 1964). In these studies, MRSA was found on
the hands of employees who had contact with infected patients.

Airborne transmission of MRSA can occur; MRSA have been
recovered from air samples taken near patients colonized or infected with
MRSA (Crossley et al., 1979; Peacock et al., 1980). How frequently sucﬁ
transmission occurs is not clear. Possible airborne transmission of MRSA

has been reported in burn units where care of burn-patients with MRSA
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may lead to aerosolization of of these organisms leading to contamination
of environmental surfaces (Crossley et al., 1979; Rutala et al., 1983).
Approximately 1 to 6% of hospital personnel involved in caring for’
patients with MRSA appeared to carry the organism in their anterior
nares for varying periods of time (Locksley et al., 1982; Peacock et al.,
1980). However, the mechanisms involved in the acquisition of these
strains has not been fully documented. These individuals can be poten-
tial sources for MRSA transmission to other patients.

S. aureus has been isolated from various environmental surfaces
within hospitals during several MRSA epidemics (Bartzokas et al., 1984:
Crossley et al.,, 1979; Farrington et al., 1990). The major reservoir for
MRSA within hospitals is MRSA-colonized and infected patients:
especially MRSA outbreaks in intensive care units (ICU) and burn units
often serve as important sources for nosocomial transmission of the
organism (Boyce, 1989; Crossley et al., 1979; Locksley et al., 1982,
Peacock et al., 1980).

How efficiently S. aureus survives on hands is not known. In a
comprehensive study, Lowbury and Fox (1953) demonstrated the survival
of S. aureus on glass slides. They suspended it in horse serum, normal
saline, water or oleic acid and 100 minutes after contamination of the
slides, the mean percentage survival of S. aureus were 81.9%, 47.9%,
35.7% and 17.4%, respectively. They also demonstrated that the Gram-
positives survive better than Gram-negatives {Pseudomonas pyocyanea).
However, they did not study the survival of this organism on hands.
Several studies tested hand antiseptics against S. aureus (Ayliffe et al.,

1988; Casewell et al., 1988; Ojajarvi, 1980).
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II. HYGIENIC HAND-WASHING

The information summarized above clearly indicates that hands
are potential vehicles for the spread of many infectious agents. They also
focus on the importance of hygienic hand-washing in preventing out-
breaks of infectious diseases, particularly in institutional settings. The
importance of hand-washing in infection control has been recognized
since the mid-nineteenth century. Semmelweis (1861) was the first to
peint to the role of contaminated hands in the transmission of purpural
fever and he implemented strict hand-washing with chlorine water; this
resulted in a rapid and remarkable reduction in the mortality rates in
women.

The term 'hygienic hand-washing' is used to describe the washing
of hands, particularly by health-care personnel, in order to eliminate
transient microorganisrﬁs. Implementation of proper hygienic hand-
washing has, in fact, been known to result in the control and prevention
of outbreaks of institutionally-acquired infections (Black et al., 1981;
Knittle et al., 1975; Koopman, 1978; Massanari and Hierholzer, 1984;
Onesko and Wienke, 1987; Pacini et al.,, 1987; Raad et al., 1990;
Salzman et al.,, 1967, Steere and Mallison, 1975). At the same time, a
number qf community-based prospective studies have also shown signifi-
cant reductions in the numbers of cases of enteric diseases upon
introduction of proper hygienic hand-washing (Feachem, 1984; Han and
Hlaing, 1989; Khan, 1982; Taylor and Greenough, 1989). Hygienic hand-
washing is therefore regarded as the single most important method of

controlling and preventing disease spread in the community in general
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and in hospitals, day-care centers, and nursing homes in particular.

The effectiveness of a hand-washing agent can be measured by
determining the extent of reduction in disease outbreaks in a particular
setting before and after the introduction of the test agent (Onesko and
Wienke, 1987). Such field trials are expensive and complicated because
many variables need to be taken into consideration and they do not
permit the testing of more than 01;1e agent at a time.

The other approach is to first determine the germicidal efficacy of a
product through proper laboratory-based in vivo tests using rep-
resentative organisms. Such studies can readily assess the relative
efficacy of several products in simultaneous tests. Products found to be
effective can then be incorporated in subsequent field studies. Good
correlation has been observed in resulis of laboratory-based and field
studies (Ojajarvi, 1980).

Much has been published on the chemical disinfection of
_ inanimate surfaces contaminated with viruses or bacteria. However, it is
generally not possible to predict with any degree of confidence if an agent
shown to be effective on such surfaces will also work well on human
hands (Schurmann and Eggers, 1983). Therefore, it is important to test
hand-washing agents for their germicidal efficacy in properly designed in
vivo studies.

Hygienic hand-washing is primarily aimed at removing transient
microflora, whereas a surgical scrub or a pre-operative skin antiseptic is
expected to inactivate/remove resident microflora as well. Therefore,

methods used to assess hygienic hand-wash agents are quite different
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from those for tesﬁng surgical scrubs and pre-operative skin preps. Since
this discussion relates specifically to agents used for hygienic hand-
washing, protocols for testing other types of agents will not be considered
here.

The efficacy of a hygienic hand-wash agent can be measured by
the reduction in the numbers of naturally present or experimentally
placed transient microorganisms on the skin. The post-treatment
reduction in microbial load on hands is a direct measure of the efficacy of
the treatment.

The first study for testing hand-wash agents was that of Price
(1938). Since then, many others have addressed this issue, but using
bacteria mainiy alone as test organisms. In the methods reported, either
one whole hand or a large area of the surface of one hand was
contaminated with the test organism. This step in the protocol intro-
duces considerable variability in the testing procedure because of the
difficulties in the propef recovery of the test organism from the relatively
large surface area contaminated and its uneven exposure to the test
product. Recovery of the test organism before and after treatment of
hands was either by rinsing of the entire contaminated area in an eluent
(Price, 1938) or through the use of glass ringé (Story, 1952). The ring was
placed on one part of the contaniinated surface and held in place by the
subject and a known amount of eluent placed inside the ring. Another
person would rub the confined area of the skin under the eluent with a
glass spreader and 1.0 mL of the eluate would then be withdrawn for

bacterial counts.



Studies published in the past 16 years (Ali and Maibach, 1980:
Ayliffe et al., 1975; Lilly et al., 1979; Lilly and Lowbury, 1974: Michaud
et al.,, 1976; Ojajarvi, 1976; Nicoletti et al., 1990; Peterson, 1973: Rotter
et al., 1974; Rotter et al., 1986) are based mainly on the experimental
contamination of fingers only; recovery of the test bacteria was carried
out either by swabbing the skin (Peterson, 1973), rubbing the fingers
together in an eluent (Ayliffe et al., 1978; Ojajarvi, 1976: Rotter et al.,
1974} or by pressing the fingers direéﬂy on the surface of an agar plate
(Ojajarvi, 1980).

Among the presently available protocols for testing hand-washing
agents against bacteria, the 'Vienna Test Model' of Rotter (1986) and the
'Birmingham Test Model' of Ayliffe et-al. (1978) are widely used in Europe
and the UK, respectively. In the Vienna Model, fingers are immersed to
the mid-carpal joint in a culture of E. coli and then the contaminated
fingers are sampled by putting them in ar s!: znt. For the test proper, the
fingers are first contaminated as described above, the hand-washing
agent is rubbed over the whole hand for 1 minute and the fingers then
immersed in the eluent. In this test protocol, 60% isopropanol (v/v) is
.used as the standard to compare the germicidal efficacy of other agents.

In the Birmingham Model (Ayliffe et al.,, 1990), the procedure is
simiiar to that in the Vienna Model, except that after drying the inoculum
for 2 minutes, the fingertips are moistened in running tap water and the
hand-washing agent is ther applied for 30 seconds. Finally, residual
bacteria are sampled after washing in running tap water for 30 seconds

and drying with two paper towels for a total of 15 seconds. Ethanol and
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ordinary soap and water are used as the standard here.

The protocols referred to above invariably ignore the use of an
organic load in the medium used tc suspend the test organism before
contamination of hands. In the Vienna Model, both the hands are rubbed
together with the test agent for 1 minute, but after the treatment residual
bacteria are eluted from the fingertips only; this does not account for the
bacteria which are spread over those areas of the hands that are not
eluted.

In these protocols, the exposure time of the test organism to the
hand-wash agent is also longer than in field situations. In one study, the
mean contact time with the hand-wash agent recorded. in normal hand-
washing by health-care personnel was 8 seconds (Quraishi et al., 1984).
Other studies (Daschner, 1988; Sprunt et al, 1973} have reported
similarly short periods of contact with the hand-wash agent. The
guidelines from the U.S. Center for Disease Control (Garner and Favero,
1985) recommend a 10 second exposure to the hand-wash agent.

The use of E. coli as the sole test organism in in vivo protocols to
test hand-wash agents may not be justified. Whereas it may serve well as
a representative of Gram negative bacterial species, at least S. aureus
should also be included to assess the bacteria killing/removing potential
of the formulations under test. Further in vivo testing with a suitable
virus is considered necessary to establish a formulation's broad-
spectrum efficacy and suitability for field application.

In vivo testing of hand-washing agents against viruses has been

conducted to a limited degree (Cliver and Kostenbader 1984; Eggers,
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1990; Schurmann and Eggers, 1983: 1985) and studies with rhino-
viruses (Dick et al.,, 1986: Hayden et al., 1984: 1985: Hendley et al.,
1978) have shown that the use of effective chemicals can prevent the
spread of rhinovirus colds.
III. HAND-DRYING METHODS

The use of an effective hand-washing agent and proper compliance
with the hand-washing guidelines are generally the only factors consi-
dered crucial in controlling and preventing the spread of infections by
hands. The importance of the role of hand-drying in hygienic hand-
washing has largely been overlooked and there are rare reports where the
efficacy of various drying methods has been tested and discussed
(Blackmore, 1987; Davis et al,. 1969; Matthews and Newsom, 1987),
Furthermore, these studies deal with bacteria only and virtually nothing
is known on the eﬁ‘lcacy of various hand-drying methods in eliminating

viruses from hands.
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OBJECTIVES

Viruses continue to cause outbreaks of gastrointestinal and res-
piratory diseases in institutional settings such as hospitals and daycare
centres. Indirect evidence suggests that hands play an important role as
vehicles in such outbreaks. However, there has been a general lack of
information with regards to the following basic questions:

1) How well do viruses, known to cause outbreaks of disease in
institutional settings, survive on human hands?

2) How does their capacity to survive on hands compare with that
of bacteria frequently incriminated as nosocomial pathogens?

3) Does the extent of virus survival on hands vary from person to
person?

4) Does transfer of infectious virus occur between hands and
inanimate surfaces?

5) How effective are commonly used hygienic hand-washing agents
in the elimination of viral contamination from hands?

6) Is the in vitro testing of hygienic hand-washing agents using
viruses predictive of their efficacy on the skin?

7) Is the in vivo testing of hygienic hand-washing agents using
bacteria predictive of their efficacy against viruses on skin?

8) What role does the drying of washed hands play in the reduction
of viral and bacterial contamination of the skin?

At the very out-set, it was noted that appropriate protocols for
experiments to address these important issues were unavailable. Conse-
quently, it was first necessary to develop the required methods. The main
objectives of this investigation were, therefore, to develop the needed

protocols and then apply them to answering the above questions.
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I. MATERIALS
1. BIOHAZARD CONTAINMENT

All experimental work with cell cultures, viruses and bacteria was
cartied out according to the Laboratory Safety Guidelines of the Medical
Research Council of Canada (1990).

2. CELLS

a) MA-104: A seed culture of this cell line, derived from embryonic
rhesus monkey (Macaca mulatta) kidneys, was originally provided to us
by Dr. H. Malherbe of Gull Laboratories, Salt Lake City, UT, U.S.A.

The MA-104 line was routinely cultivated in 75 cm?2 plastic flasks
(Costar, Cambridge, MA, U.S.A) using Eagle's (AutoPow) minimal
essential medium (EMEM; Flow Laboratories, Rockville, MD, U.S.A).
EMEM was prepared in deionized distilled water according to the manu-
facturer's instructions and autoclave sterilized in 460 mlL quantities in
500 mL Pyrex bottles and stored at 4°C. For cell culture, complete EMEM
was prepared by supplementing 460 mL of EMEM with 13.4 mL of é :
7.5% (w/v) solution of sodium bicarbonate (Gibco Laboratories, Grand
Island, NY, U.S.A.), 5 mL of a 200 mM solution of L-glutamine (Gibco)
and 25 mL (5%) of fetal bovine serum (FBS; Gibco): gentamicin (Cidomy-
cin, Roussel Canada Ltd., Montreal, Québec) was then added to a final
concentration of 50 ug/mL. For cell passage, MA-104 monolayers were
washed twice with sterile Ca*+*- and Mg**-free phosphate buffered saline
(pH 7.2). Each monolayer then received 1.5 mL of a commercial (Gibco)
solution of 0.25% trypsin and 1 mM EDTA (ethylenediaminetetraacetic
acid) and reincubated for 5 min. After thorough pipetting, the cell
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suspension was generally divided equally into three 75 cm? cell culture
flasks (Costar). 1wenty five mL of the constituted EMEM was then added
to each flask. Complete monolayers were formed usually within 72 hours
at 37°C.

b) HeLa: A seed culture of the A-5 strain of these cells, designated
A-5 HeLa was kindly provided to us by Dr. B. Korant of E.I. du Pont de
Nemours & Co., Wilmington, DE, U.S.A. They were also routinely grown
in 75 cm2 plastic flasks (Costar) in EMEM of the same compoé,ition as
used for the MA-104 line. However, the FBS used was first heat treated
at 56°C for 30 min in a water bath. Cell monolayers were trypsinized and
passaged at a split ratio of 1:3 once every 72 hours as described above.
3. VIRUSES

a) Rotavirus: A cell culture-adapted (Wyatt et al., 1980) human
rotavirus (Wa strain, subgroup II, serotype 1), designated HRV, was
kindly provided to us by Dr. R. G. Wyatt (National Institutes of Health,
Bethesda, MD., U.S.A.). The virus was plaque purified in MA-104 cells
once in our laboratory. For preparing virus pools, semi- confluent
monolayers of MA-104 cells in 75 cm? flasks were washed three times
with Earle's balanced salt solution {EBSS) and then infected with the
virus at a multiplicity of infection (m.d.i.) of about 0.01. The inoculated
monolayers were then reincubated at 37°C on a rotating platform
(Heidolph, Germany) for one hour to allow for virus adsorption. Each
flask then received 15 mL of complete EMEM, without FBS but with 5.0
ug/mL of trypsin (1:250; ICN Nutritional Biochemicals Co., Cleveland,
OH, U.S.A)) and was reincubated at 37°C. More than 75% of each mono-
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layer showed cytopathic effects (CPE) within 72 hours of virus
inoculation. The infected cultures were then frozen (-20°C) and thawed
(22°C) t_hreé times before centrifugation of the cell culture harvest at
1000 xg for 15 min. The supernatant was aliquoted (0.5 mL} in 1 mL
vials (Sarstedt Canada Inc., St. Laurent, Quebec H4S 1B2) and stored at
-80°C. '

b) Rhinovirus: Strain 1059 of human rhinovirus type 14 (RV-14)
was obtained through the courtesy of Dr. J. Gwaltney, Jr. (University of
Virginia, Charlottesville, VA, U.S.A.). The virus was plaque puritied once
in A-5 HeLa cells. The identity of the virus was further confirmed by us
through virus neutralization using a typing serum (NIH Research
Reference Reagents Catalog No. V1303-501-563) obtained from the
National Institute of Allergy and Infectious Diseases, NIH, Bethesda, MD.
U.S.A.

For the preparation of virus pools, each monolayer of A-5 Hela
cells in 75 cm? flasks was inoculated with 0.2 mL of the virus to give a
m.o.i. of about 0.01. The inoculated flasks were held at 33°C for 1 hour
to allow for virus adsorption. At the end of this period, 15 mL of the
complete EMEM containing 2% heat-inactivated FBS was added to each
flask. After 48 hours at 33°C, nearly all the cells in the monolayer
showed virus-induced degeneration; the infected cultures were then
frozen and thawed three times to help in virus release. The cell culture
harvest was centrifuged at 1,000 xg for 15 min to remove cellular debris.

The supernatant was aliquoted in 0.1 mL quantities and stored at -80°C.



4]

c) Parainfluenzavirus: Strain 47885 of human parainfluenzavirus
type 3 (HPIV-3) waé obtained from the National Institute of Allergy and
Infectious Diseases, NIH. The MA-104 cell line was used for its
cultivation and assay. To prepare virus pools in cell monolayers grown in
75-cm2 plastic flasks (Costar), the growth medium was discarded and
the cells were infected with 0.2 mL of the virus to give a m.o.i. of about
0.01. The inoculated flasks were then incubated at 37°C for an hour for
virus adsorption. Fifteen mL of the complete EMEM with only 2% FBS
was added to each virus-infected culture and the bottles were reincu-
bated at 37°C. After 48 hours, the virus-containing culture medium was
removed, aliquoted and stored at -80°C. Due to the relatively fragile
nature of HPIV-3, the infected cultures were not subjected to the usual
freeze-thaw cycles.

4. BACTERIA

a)} Escherichia coli: The strain of Escherichia coli {E. coli) selected
for this study was isolated from the fecal sample used for suspending the
rotavirus (see below). For initial isolation, 0.5 mL of the clarified fecal
sample was streaked over the surface of an mFC (modified fecal coliform) .
agar (Difco Laboratories, Detroit, MI, U.S.A.) plate and incubated at 37°C
for 18 hours. Colonies were then transferred to tryptose phosphate broth
(Difco) tubes and incubated at 37°C for over night culture. The test
suspension of the bacterium was prepared by mixing an 18-hour broth
culture with the fecal sample at a 1:10 ratio. Stock cuitures of the
bacterium were prepared on tryptose soy agar slants (Difco) and kept at
4°C,
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b) Staphylococcus aureus: A methicillin/penicillin-sensitive
strain (ATCC # 6538} of Staphylococcus aureus (S, aureus), obtained from
‘Dr. Tim Cusack of Lehn and Fink Co., Montvale, NJ, U.S.A., was used
throughout this study. Its antibiotic sensitivity pattern was further
confirmed by Mr. Frank Chan of the Bacteriology Lab., Children's
Hosﬁital of Eastern Ontario, Ottawa, Ontario, The test suspension of the
bacterium was prepared by mixing a 20-hour culture, grown in tryptic
soy broth (Difco) with the suspending medium at a 1:10 ratio. Stock

cultures of S. aureus were prepared on tryptose soy agar slants (Difco)

and kept at 4°C.
5. ORGANIC LOADS

a) Feces: The fecal sample used to suspend the rotavirus and E.

coli was obtained from a healthy 1-year-old female child. A 10% (w/v)
suspension of the feces was prepared in normal saline. The suspension
was centrifuged at 1,000 x g for 15 min to remove coarse particulate
matter and the supernatant was collected and stored at -20°C.

b) Mucin; Lyophilized bovine mucin (Sigrna Chemicals; Product No.
M-4503) was used as the organic load (Diem and Lentner, 1970) for S.
aureus, HPIV-3 and RV-14. A solution of 5 mg/mL of mucin was pre-
pared in normal saline and filtered through a 0.2 vm pore diameter
membrane filter (Nalge Co., Rochester, NY, U.S.A.} and the filtrate stored
frozen at - 20°C. For each experiment, the test virus was diluted 1:10 in
the sterile mucin solution.

6. ELUENTS
a) Tryptose phosphate broth: In preliminary experiments to test
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rotavirus survival on hands, 1X tryptose phosphate broth (TPB), EBSS,
and 20 and 50% TPB in EBSS, all adjusted to a pH of 7.2, were tested as
eluents of virus from fingerpads: 20% TPB in EBSS was found to give a-
consistently high recovery of rdtavirus. It was therefore used as the
eluent in all subsequent survival and antisepsis experiments with the
rotavirus, E. coli and S. aureus. |

b) EBSS: In the- experiments with RV-14 and HPIV-3, EBSS alone
was used as the eluent throughout.
7. STAINLESS STEEL DISKS

Clean and sterile stainless disks (1 cm diameter] were used in the
virus transfer experiments as representatives of nonporous inanimate
surfaces. These disks were punched out of polished stainless Steel sheets
purchased locally. Prior to experimental contamination with the virus
suspension, the disks were cleaned by sonication for 10 min in a 7X
cleaning solution (Linbro, Flow Laboratories) followed by thorough
rinsing in running distilled water. They were then soaked in 95% ethano.l -
for an hour and air dried and autoclave sterilized in a screw-capped glass
bottle.
8. VOLUNTEERS

The approval of our university's Human Research Ethics
Committee was obtained before the start of this study (see Appendix D).
All volunteers were briefed on the possible hazards of dealing with infec-
tious agents prior to their signing a consent form (see Appendix II). After
each experiment, the hands of the volunteers were decontaminated

thoroughly using effective antiviral or antibacterial agents.
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In rotavirus survival studies, six adult (three male and three
female) members of the departmental staff participated. Three males and
one female participated in RV-14 and HPIV-3 survival experiments: the
same four volunteers were used in RV-14 transfer experiments. In viral

and bacterial antisepsis studies, one male and two female volunteers

participated.
9. HAND-WASHING AGENTS

Several antiseptic formulations, an unmedicated liquid soap, and
tap water were tested for their efficacy in removing the rotavirus from
experimentally contaminated fingerpads. Details of the hand- washing
agents tested are given in Table 1. Isopropanol (70%), Savlon in 70%
ethanol (1:30), Savlon in tap water (1:200), liquid soap and tap water
alone were also tested against E. coli and S. aureus. These five agents
were also used in whole-hand washing experiments.
10. HAND-DRYING AGENTS

The following three hand-drying agents were tested. Rolls of ordi-
nary unbleached paper towels (Boudreault, Inc., Hull, Quebec) and regu-
lar looped cotton towels were purchased locally. A no-touch electric hand
blow dryer (Model # NTC-126) was kindly loaned to us by its
manufacturer World Dryer Limited, Mississauga, Ontario; its blower
motor operated at 3450 revolutions per minute to deliver 5200 linear feet

of warm air per minute over the hands being dried.



TABLE 1.
Hand-washing agents tested

45

Active Concentration Dilution Product name
Ingredient (s) (Manufacturer)
Isopropanol | 70.0%.v/v none not applicable
Ethanol 70.0% v/v none not applicable
Chlorhexidine 1.5% w/v 1:30 in Savlon
gluconate 70% isopropanol {Ayerst, Montreal
and Cetrimide 15.0% w/v Quebec, Canada)
"o " "o 1:30 in oo
70% ethanol
D " v 1:200 in oo
tap water
Chlorhexidine 0.5% w/v none Hibisol
gluconate {Ayerst}
and Isopropaiol 70.0% w/w
Chlorhexidine 2.0% w/v none Cida-Stat
gluconate (Huntington,
and isopropanol 4.0% w/v Brarnalea
Ontario, Canada)
Povidone-iodine 10.0% w/v none Proviodine
(1% free Ig) (Rougier,
Montreal
Quebec, Canada)
p-chloro-m- 4.8% w/v none Dettol
xylenol (Reckitt & Colman
and isopropanol 9.4% v/v Lachine, Quebec,
Canada)
Liquid soap 100% 1:i0in Ivory
water {Procter &

Tap water

Gamble, Toronto
Ontario, Canada)
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II. METHODS
1. PLAQUE ASSAYS

a) Rotavirus: The rotavirus was plaque assayed using the tech-
nique of Ramia and Sattar (1980). Monolayers of MA-104 cells were
prepared in 12-well plastic plates (Costar) by seeding each well with
approximately 5.0X10% cells in 2.0 mL of the complete EMEM; the plates
were then sealed individually in plastic freezer bags (Philips Electronics
Ltd., Toronto, Ontario, Canada) using an electric bag-sealer (Philips) and
incubated at 3?°C in a walk-in incubator. Confluent monolayers were
generally ready for use within 48 hours.

Prior to virus inoculation, the monolayers were washed with three
changes of EBSS (pH 7.2) to remove the serum present in the growth
medium. The last EBSS wash was left on the cells and the plates held at
37°C for at least two hours. The EBSS was then removed and each well
received 0.1 mL of the appropriate virus dilution; EBSS was used as the
diluent. At least three wells were inoculated with each dilution to be
tested and the cell control wells received 0.1 mL of EBSS. The inoculated
plates were held for 1 hour at 37°C in an atmosphere of 5% COg to
facilitate virus adsorption. At the end of this period, each monolayer
received 2 mL of an overlay containing EMEM (without serum), 0.6%
agarose type I (Sigma) and trypsin (Nutritional Biochemical Co.) at a
concentration of 5.0 ug/mkL. The plates were left in the laminar flow hood
for about 15 min to allow the overlay medium to solidify. Finally, the
plates were resealed in plastic bags and held upright in a wall-in

incubator (37 °C) for 72 hours.
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About 3.0 mL of a 10% (v/v) solution of Formalin (BDH Chemicals,
Toronto, Ontario) in normal saline was added fo each well and the plates
were kept for 2 hours at room temperature to fix the monolayers and
inactivate the virus. The agar overlay was then removed, the fixed mono-
layers were stained with a 0.1% aqueous solution of crystal violet and
washed in running tap water. Virus plaques were counted and the titre
expressed as plaque forming unit (PFU}/mL.

b) Rhinovirus: The method described by Fiala (1968) was used for
the plaque assay of RV-14. Monolayers of A-5 HeLa cells were prepared
in 12-well plastic cell culture plales (Costar) by seeding each well with
approximately 5X%104 cells in 2.0 mL of complete EMEM. The seeded
plates were incubated at 37°C in an atmosphere of 5% COg and they
were generally ready for use within 48 hours. Ten-fold dilutions of the
samples were prepared in EBSS for virus titration. For plaque assay, the
growth medium was removed from the wells and each one of them
received 0.1 mL of an appropriate dilution of the test sample; at least 3
wells were used for each dilution. The inoculated plates were then
‘incubated at 33°C for an hour for virus adsorption. At the end of this
period, each well received 2.0 mL of an overlay containing M-199 (Flow
Labs.) 0.22% NaHCO3, 100 wug/mL of 5-bromodeoxyuridine
(Calbiochem, San Diego, CA, U.S.A)), 50 ug/mL DEAE-dextran (Sigma).
30 mM MgCl2 (Fisher Scientific) and 0.9% Oxoid agar No. 1 (Oxoid
Limited, Basingstoke, Hampshire, England). After the solidification of the
overlay, the plates were sealed in plastic bags (Philips Electronics) and

reincubated in upright position for 72 hours at 33°C. The monolayers
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were then fixed and stained as described above for the rotuvirus plaque
assay.

¢) Parainfluenzavirus: Monolavers of MA-104 cells, prepared in
12-well plastic plates, were used for HPIV-3 plaque assay. The samples to
be assajred were diluted in EBSS. The growth medium was removed and
each well received 0.1 mL of the appropriate dilution, using at least three
wells for each dilution tested. The inoculated plates were then incubated
at 37°C in a 5% COg atmosphere for one hour to allow for virus
adsorption. At the end of this period, each well received 2.0 mL of an
overlay containing EMEM, 2% FBS and 0.6% agarose. The plates were
sealed in plastic bags (Philips) and incubated at 370C for 4 days. The
monolayers were fixed and stained as described above for rotavirus
plaque assay.

2. PROTOCOL T STUDY SURVIVAL OF VIRUSES AND BACTERIA ON
HANDS

a) Rotavirus: The pads of the index, middle, ring, and little ﬁngeré
on the left hand of the volunteers were desighated as F1, F2, F3, and F4,
respectively. Before the fingerpads were contaminated with the virus, vol-
unteers were asked to wash their hands in running tap water, rinse them
with 70% ethanol and allow them to air dry.

The fingerpads were pressed over the mouth (8 mm inside
diameter) of an empty plastic vial (Sarstedt; No. 72.694.006) to
demarcate the area wiiere the virus inoculum was to be deposited. Virus
suspended in feces (10 uL) was than placed in the center of the marked

area on each fingerpad. The inocula were allowed to dry by keeping the
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contaminated hand in a laminar flow hood. Figure 3 shows the
fingerpads with the dried inocula. Once the inocula were dry, the
volunteers were permitted to move about and perform any tasks as long
as contact with the contaminated fingerpads could be avoided.

For virus elution, the contaminated area was placed over the
mouth of a plastic vial containing 1.0 mL of the eluent, and the vial was
inverted (Fig. 4) to soak the dried virus inoculum for 5 sec. This was
followed by 20 repeated inversions of the vial while it was still in place,
another 5 sec of soaking, and a further 20 inversions. Finally, the vial
with contaminated finger still over it, was turned upright, and the
fingerpad was scraped against the inside rim of the vial to recover as
much as possible of the liquid. The eluates were then plaque assayed.
The fingers were then decontaminated by thorough rinsing in 70%
ethanol before they were washed with antiseptic soap and water. This
step in the procedure was strictly followed for the safety of volunteers.

HRV survival on hands was tested by placing 10 uL (1x103 to
1x10f4 PFU) of fecally-suspended virus on each fingerpad and eluting the
inocula from at least two fingerpads at each sampling period. The flow
chart for the rotavirus survival experiments is given in Figure 5.

In the rotavirus survival experim‘ents, four fingers of one hand of
each individual were inoculated with the virus suspension. Virus was
eluted from two fingers at 20 min after deposition and from the other two
fingers at 260 min after deposition of the virus suspension. Rotavirus
survival at 60 min after deposition was determined in a subsequent trial

with three fingers of each volunteer.



Figure 3. Demarcated area with dried inocula (10 ul) on the
fingerpads were made by pressing vials against finger.

) Figure 4. Positioning of the vial (with 1 mL of eluent) on the
fingerpad for virus recovery.
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Figure 5. Flow diagram of procedure for testing human rotavirus
survival on fingerpads.
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1:10 dilution of the virus in 10% feces

10 uL on each of 10 uL in 990 uL of eluent
4 fingerpads (input virus control)

20 min drying in a laminar flow hood

! !

virus eluted in 1 mL virus eluted in 1 mL of

of eluent from 2 fingers eluent from the other fingers
(drying control) either 60 or 260 min after

* inoculation

!

eluates and virus control plaque assayed
in monolayers of MA-104 cells




b) Rhinovirus: Fingerpad contamination and virus elution in RV-
14 survival studies was the same as described above for rotavirus.
However, RV-14 survival was tested for 180 min instead of the 260 min
used for rotavirus. Each of the five fingers of the left hand was
contaminated with 10 uL of the RV-14-mucin suspension. At the end of
each experiment, hands were decontaminated by thorough rinsing with
5% acetic acid followed by washing with an antiseptic soap and running
tap water. The flow chart for RV-14 survival experiments is given in
Figure 6. At least three experiments were conducted on each volunteer.

c) Parainfluenzavirus: Virus survival was tested at 5 different
time points (0, 10, 20, 30, and 60 min). The flow chart is given in Figure
7. Ten microlitre of the virus-mucin suspension {6.0x104 to 5.4x105
PFU) was placed on the index finger of the right hand and immediately
eluted in 1.0 mL of EBSS for the zero min baseline count. The middle
finger of the right hand was then inoculated and virus was eluted after
10 min. The selected three fingers of the left hand were then
contaminated with 10 uL of the virus suspension and virus eluted after
20, 30, and 60 min. Samples were kept on ice until plaque assayed.
Experiments were carried out at least three times on each volunteer.

In another set of experiments, HPIV-S survival testing was confined
to a shorter time frame and virus was eluted 0, 1, 3, 7 and 10 min after
the contamination of fingerpads. These experiments were carried out on
one volunteer. After elution of the virus, hands were decontaminated
with 70% ethanol and then washed with antiseptic soap and water. This

experiment was repeated at least three times.
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Figure 6. Flow diagram of procedure for testing RV-14 survival on
fingerpads (drying step omitted).
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1:10 dilution of the virus in mucin (5 mg/mL)

| |

10 uL on each of 10 uL in 990 ul of eluent
five fingers (left hand) (input virus control)

!

Virus elution after 0, 30,

60, 120, and 180 min from
thumb,index, middle, ring
and small fingers (randomly)

|

Eluates and virus control plaque assayed in monolayers
of A-5 Hela cells




Figure 7. Flow diagram of procedure for testing HPIV-3 survival on
fingerpads (illustrating time differences).
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1:10 dilution of the virus in mucin (5 mg/mlL)

10 uL on index and 10 uL on index, 10 uL in 990 uL of
middle fingers middle and ring eluent
(right hand) fingers (left hand)  (input virus control)
elution after 0 and elution after

10 min 20, 30, and 60 min

|

Eluates and virus control plaque assayed in monolayers
of MA-104 cells
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d) E. coli; E. coli survival on fingerpads was tested for up to 1 hour
with 20 min and 60 min sampling times; the procedure was the same ~s
for rotavirus survival testing (Fig. 5). Ter uL of E. coli suspension in feces
was placed on the thumb and each fingerpad of the left hand. The
inoculum was eluted with 1.0 mL of 20% TPB from the thumb
immediately (base titre}). From F1 and F2 E. coli waz eluted 20 min after
depositicn and from F3 and F4, 60 min after contamination. At the end
of each experiment, eluates were titrated on mFC agar plates.

e) S, aureus: For survival study on hards, S. aureus was suspen-
ded in diluted bovine mucin. After contamination of fingerpads, the
inoculum was eluted with 1.0 mL of EBSS and titrated on mannitol salt
agar plates. The rest of the procedure was the same as stated above for
E. coli.

3. PROCEDURE FOR TESTING VIRUS SURVIVAL ON INANIMATE
SURFACES

The survival capacity of RV-14 and HPIV-3 was tested on stainless
steel disks, RV-14 survival was tested only for a 26 min duration. HPIV-3
survival was tested for upto 60 min with sampling at O, 1. 4, 7, 10, 20,
30, and 60 min after deposition of the virus on cleaned and sterilized
stainless -steel disks. The protocol invblved the inoculation of the test
virus suspension on several disks placed inside an operating laminar
flow hood. At designated time points, virus was eluted by placing each
disk in a glass vial containing 1.0 mL EBSS. The vial was then sonicated
for 10 min in a sonication bath (Branson, 1200; 50\60 HZ; Branson
Ultrasonic Corp., CT. U.S.A).



4, PROCEDURE FOR TESTING VIRUS TRANSFER

Three models of virus transfer were tested: a) from a contaminated
fingerpad to a clean disk, b) from a contaminated disk to a clean
ﬁngerpad- and ¢) from a contaminated fingerpad to a clean fingerpad.

Ten uL of HRV (2X104 to 8X104 PFU), RV-14 (6X104 to 1.0X105
PFU) or HPIV-3 (2.85X104 to 7.0X104 PFU) was used to contaminate
each clean fingerpad or stainless steel disk. After letting the inoculum
dry for the required length of time under ambient conditions, contact was
made between the donor and target surface for 5 seconds using a pre-
ssure of approximately 1 kg/cm2. The extent of virus transfer was then
determined by virus recovery from the recipient surface. The virus
remaining on the donor surface after transfer was also determined in a
separate set of experiments with RvV-14 ‘only. To recover the virus from
disk, each disk was placed separately in vials containing 1.0 mL of 20%
TPB or EBSS then the vials were sonicated for 10 min in a sonicator bath
- {(Branson). The flow chart for the three types of transfer experiments is
given in Figure 8.

4. HYGIENIC HAND-WASHING
a) Fingerpad protocol: This is a modification of the method

developed by us to study rotavirus survival on hur:an hands. The details
of this procedure are given in Figure 9. The sam:: basic procedure was
also used for working with E. coli and S. aureus. After the washing
treatment, residual test organisms were eluted with 1.0 mL of 20% /v)
of TPB in EBSS, and quantitation of the organisms was performed

immediately after elution to minimize loss due to storage. At the end of



Figure 8. Flow diagram of procedure to study transfer of viruses

from experimentally contaminated to clean surfaces.
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1:10 dilution of the virus in a suitable organic load

!

iO uLona 10uLoneach 10ul oneach 10 ul in 990 uL
fingerpad fingerpad stainless steel disk of eluent
or disk (input virus control)

(O min control)

drying under ambient condition for 20 or 60 min

!

finger to finger/disk to finger/ finger to disk

5 sec contact with the target surface
at a pressure of abcur 1 kg/cm2

virus eluted from target and donor surface

eluates and virus controls plaque assayed




Figure 9.

In vivo protocol for testing the hand-washing agents against viruses.
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PROCEDURE FOR IN VIVO TESTING OF HANDWASHING AGENTS

hands washed with tap waler only (10 sec),
rinsed with ethancl and air dried

tingerpads marked with vial rim

@;/57‘%

' 5 tingerpads of one hand were each inoculated with

thumb

10ul virus suspension and allowed 1o dry for 20 min

other fingers

5

inoculaled fingerpads exposed la
1 mL of handwash agent {i1n wial )
for 10 seconds with 10 full inversions

J

fingerpad scraped on insida rim ol vial

rinse with 15 mL tap water
for 5 seconds with 3 full inversions

.
dried with lowel
Ipaper or cloth!

not dried

virus eduted with 1 mL eluent
for 40 seconds with 40 full inversions

eluates titrated by plaque assay ‘

}

)
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Figure 10. Flow diagram of procedure for testing hand-washing agents by whole-
hand method.
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1:10 dilution of the test organism in 10% feces

|

0.5 mL on the palm surface of one hand ahd inoculum spread over the
palms of both hands and dried for 20 minutes under ambient conditions

1 l

test organism eluted test agent (0.5 mL) applied
with 20 mL of eluent on to one palm surface and
(base titre) both hands rubbed together
for 10 sec

|

hands washed with 500 mL of
tap water (40°C) and dried
with a paper towel

|

residual organisms eluted
with 20 mL eluent

|

samples passed through a Sephadex column then centrifuged and
plaque assayed
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each experiment, the contaminated fingerpads of the volunteers were
thoroughly rinsed with 70% ethanol and then washed with an antiseptic
soap and water. .

b) Whole-hand protocol: The following whole-hand washing
protocol (Fig. 10) was used to ascertain that the results obtained with
our fingerpad protocol were representative of the normal hand-washing
situation. The volunteers did not wash or decontaminate their hands
before the start of the expén‘ment and 0.5 mL of the fecal suspension of
the rotavirus or E. coli was placed on the palm surface of one hand. The
volunteer was then required to spread the inoculum over the entire palm
surface of both hands by gently rubbing them together, and the
inoculum was allowed to dry for 20 min under ambient conditions. To
obtain the base titre of the test organism present at the end of this
drying period, 20 mL of the eluent (20% TPB in EBSS) was poured on the
hands while they were being rubbed together over the mouth (27 em in
dia.) of a plastic funnel in order to bring the eluent in contact with the
entire contaminated surface. Generally, more than 18 mL of the eluate
could be collected by this procedure. To test the efficacy of a hand-
washing agent, the hands were contaminated with the test organism and
dried as described above. Then, 0.5 mL of the test agent was placed on
the palm surface of one hand and the volunteer required to rub his or
her hands for 10 sec covering the entire contaminated surface. The
hands were then washed, by pouring 500 mL of tap water at 40°C over
them, and then dried with a paper towel. The residual test organism was

eluted from the washed and dried hands as described above.
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¢) Removal of cytotoxicity: Some antiseptic formulations and
hand-washing agents proved to be toxic for MA-104 cells. The gel fil-
tration technique of Blackwell and Chen (1970) was used to remove toxic
components from the eluates. The gel filter bed was prepared in the
following manner: Twenty grams of Sephadex LH-20 (Pharmacia) was
soaked in 50 mL of phosphate buffered saline overnight at 4°C. Five mL
of the liquid swollen beads were transferred into a 7.0 mL Centriflo
plastic cone (Amicon, Lexington, MA, U.S.A.). The cone was then held in
a sterile 50.0 mL centrifuge tube (Product No. 25331; Corning Glass
Works, Corning, NY, U.S.A)) and centrifuged at 1000 xg for 10 min at 4°C
to pack the beads. For detoxification, the cone containing the prepared
gel was transferred to a new sterile 50.0 mL tube, the sample layered on
the surface of the gel and the cone re-centrifuged as described above.
The filtrate collected in the centrifuge tube was then transferred to
smaller tubes. '

d) Removal of bacterial and fungal contaminants: In order to
remove any fungal or bacterial contamination, the filtrates from the LH-
20 columns were centrifuged at 14,000 xg for 10 min and the
supernatant was used to inoculate the MA-104 cell monolayers.

6. HAND-DRYING

A protocol developed earlier in our laboratory to test the in vivo
efficacy of hand-washing agents against virﬁses and bacteria was used.
The details of this procedure are given in Figure 11. |

A uniform method was followed for each experimenf. For cloth- and

paper-towels, right after the wéshing and rinsing steps, each fingerpad
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was pressed onto the towel for 10 sec. In the case of electric blow drying,
the fingerpad was held for 10 sec against the blowing warm air-current.
Residual rotavirus or E. coli was eluted with 1.0 mL of EBSS. At the end
of each experiment, the contaminated fingerpads were thoroughly rinsed
with 70% ethanol and then washed with soap and water.
7. STATISTICAL ANALYSES

a) Survival experiments: A computerized statistical program,
Statistical Analysis System (SAS), was used to analyze the data. In
survival experiments, nested analyses'of variance were conducted on the
data in order to ascertain the amount of variation attributable to
sampling times, volunteers and fingers in these experiments.

b) Hyglenic hand-washing: For the fingerpad protocol, the testing

of each hand-washing agent and each one of the two microorganisms
was conducted at least three times using two fingerpads for treatment
with the test agent in each trial. Therefore, the results presented in Table
16 are the mean of 6 observations for each hand-washing agent using
one volunteer, and those given in Table 17 and Table 20 are based on the
mean of 6 observations using 3 volunteers. For the whole-hand protocol
(Table 18), each experiment was repeated 3 times and the volunteer used
was the same as in experiments summarized in Table 16.

Results were statistically analyzed using the two-way analysis of
variance based on th.e.arcsin transformation (Cohen, 1977) of the raw
data i.e. the percent of the organisms removed. The arcsin
transformation was utilized in order to stabilize the variance.

Comparisons of the means obtained with the different hand-washing
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agents were made by Tukey's w-procedure (Steel and Torrie, 1960). This
procedure allows for multiple comparisons among the means, while
controlling for the error rate at the desired level permitting grouping of
the data (Appendix III).

c) Hand-drying study: Experiments were repeated at least threc
times with each virus and bacterium and with each of the four hand-
washing agents. These experiments were conducted on one adult male
volunteer's hands. Results were statistically analyzed by using two-way

analysis of variance based on the arcsin transformation of the raw data

as stated above.
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Figure 11. Illustration of the procedure used to compare the efficacy

of hand-washing agents and drying methods against viruses.
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hands weshed with tap water only (10 sec),
rinsed with ethanol and alr dried

fingerpads marked with vial rim

@:4?

5 tingerpads of one hand were each inoculated with
10uL virus suspension and allowed to dry for 20 min

thumb

other fingars
A

R

Inoculated fingerpads exposed to
1 mL of handwash agent {in vial }
for 10 seconds with 10 full inverslona
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fingerpad scraped on inside rim of vial rinse with 15 mL tap water
for 5 saconds with 3 fyll Inversions

drled with towel
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i
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for 40 seconda with 40 tull inversions
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RESULTS
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1. DEVELOPMENT OF METHCDS

Although virus survival on hurnah hands has been tesied
(Gwaltney et al., 1978; Hall et al., 1980; Hendley et al. 1973; Reed,
1975), the findings of such investigations warrant caution in interpre-
tation because the experimental design and certain materials used iﬁ
these studies were unrealistic. Moreover, it was not known how long
rotaviruses could survive on human hands arid how readily transfer of
_ infectious rotavirus could occur between hands and environmental
surfaces. Therefore, the initial objective of this phase of the study was to
develop a simple, reliable and reproducible system to assess
quantitatively the survival of viruses on hands. Additional experiments
were conducted to compare virus survival with that of two important
bacterial pathogens.

Fingerpads were chosen as the site for experimental contamination
because it permitted i) the use of microlitre quantities of the infectious
agent being tested, ii) the inclusion of proper controls and sufficient
numbers of replicates in the same test, iii) the elution of the test virus or
bacteriurmn with only 1.0 mL of eluent, iv) the exposure of the entire
experimentally contaminated area on each fingerpad to the eluent for
efficient and reproducible elution of the test agent, and v} ready
decontamination of the skin after the test for the safety of the volunteers.

1. Virus elution from fingerpads: For these developmental
studies, rotavirus was used as the test agent and the eluents tested for
its recovery from fingerpads were i) 100% TPB, ii) 50% TPB in EBSS, iii)
20% TPB in EBSS and.iv) EBSS alone. The results of these tests are
presented in Table 2. Virus recovery with 20% TPB, at O min and 20 min
after fingerpad contamination, was found to -be significantly better



EFFICIENCY OF VARIOUS ELUENTS IN ROTAVIRUS
RECOVERY FROM EXPERIMENTALLY CONTAMINATED
FINGERPADS

Table 2.
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Virus recovery (SD)

Input

Eluent at 0 min at 20 min
PFU PFU % PFU % grouping
x105 x109 x105

TPB 8.97 6.97 77.70 3.05 34.00

100% (1.49) (1.47) (0.23)

TPB 6.73 5.64 83.80 2.57 38.19

50% (0.83) (0.56) (0.07)

TPB 6.79 5.81 85.57 3.55 52.28

20% (0.62) (0.56) (0.07)

EBSS 6.23 5.14 82.50 2.54 40.77
(1.41) (1.11) (0.09)

* Eluents with the same Tukey groupings do not have significantly
different percentages of recovery (o = 0.05)

Ten pL of fecally-suspended rotavirus was placed on the thumb
and all the fingers of the left hand. From the thumb, virus was eluted
immediately after its deposition (0 minute}. The inoculum was allowed to
remain for 20 minutes on the fingerpads and then eluted. For readings

after O minutes, n= 3; after 20 minutes, n=12.
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(@=0.05) than with the other three eluents. Therefore, in subsequent
rotavirus experiments 20% TPB in EBSS was used as the eluent. TPB
has been shown to be harmless to rotavirus infectivity (Ramia and
Sattar, 1980).

2. Efficiency of virus recovery: For survival experiments, volun-

teers were asked to wash their hands in running tap water and then
rinse them with 70% ethanol and allow them to air dry. The washing and
ethanol rinsing of hands before the deposition of the virus on fingerpads
were considered necessary to minimize the influence of accumulated
materials, such as emollients, on virus survival and to reduce the pos-
sibility of any background levels of naturally present virus or bacteria on
the hands and to prox;ide a fairly uniform condition between volunteers.
Because of the possible effect of this pretreatment of the skin on the
virus survival study, it was felt necessary to compare virus survival |
under both conditions.

The results summarized in Table 3 show that 20 minutes after
drying, 48.74+4.65% of the inoculated rotavirus could be fecovered from
unwashed hands, whereas 50.95+5.05% of the deposited virus could be
recovered from hands which were washed before the start of the
experiment. Statistical analysis using the t-test showed no significant
~ difference in percent survival of rotaviruses on washed or unwashed
hands (p <0.8579). All subsequent survival experiments were carried out
after washing hands with water and then rinsing them with 70% ethanol.

1. Rotavirus: These experimenté were conducted on the hands of
three male and three female volunteers. The survival of HRV on
fingerpads was determined 20, 60 and 260 min after deposition of the

virus suspension on fingerpads. Each experiment was repeated at least



Table 3.

EFFICIENCY OF VIRUS RECOVERY FROM WASHED AND

UNWASHED FINGERPADS

" % virus recovered 20 min after drying

Virus
Expt. PFU unwashed finger = washed finger
No. at O min
x104 1 2 3 4
1 3.58 43.12 49.72 56.15 48.88
2 2.01 52.74 47.76 57.21 46.27
3 2.15 44.19 54.38 45.12 52.09
Overall mean: 46.68 50.79 52.83 49.08

(SD)

(5.27) (3.68)

(6.70) (2.92)

Before inoculation, finger 3 and 4 and the thumb were washed with
water and rinsed with 70% ethanol and finger 1 and 2 kept unwashed.
Ten ul of fecally-suspended rotavirus was placed on the thumb and each
of the four fingers of left hand. From the thumb virus eluted immediately
after its deposition (0 minute). After 20 min, virus eluted from each

fingerpads separately and plaque assayed.
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three times with each individual on different days. The results of these
experiments are summarised in Table 4. At 20, 60 and 260 minutes after
virus inoculation, 57.0%, 42.6% and 7.1% respectively of the input
infectious virus could be recovered from the contaminated fingers.

There are a number of variables involved in interpreting these
results such as volunteers, sampling time, and fingers. Analysis of the
variance components in each trial showed that 90%, 95.4% and 65.8% of
the total variation at 20, 60 and 260 min, respectively, was attributable
to random error and variation between volunteers was responsible for
10%, 4.6% and 33.9%, respectively, of the total. ’I‘hese'analyses also
showed that there was little or no finger-to-finger variation.

2. Rhinovirus survival

a) RV-14 survival on fingerpads: RV-14 survival was tested for a

duration of 3 hours on the fingerpads of four volunteers. Ten uL of the
virus suspension in mucin (2.1X104 to 1.1X105 PFU) was inoculated on -
the marked areas of the middle finger of the right hand and thumb and
four fingers of the left hand and eluted at 0, 20, 30, 60, 120, and 180
minutes after contamination (see Fig. 5). Each experiment .was repeated
at least three times on each volunteer.

~ The data summarized in Table 5 indicate that RV-14 could survive
for several hours on hands; after 3 hours, 10.5%-22.7% of the O minute
virus titre remained infectious on the fingerpads. This represents 2,000-
25,000 PFU, which is an amount considerably highér than the minimal
infective dose of rhinoviruses (1 TCIDgg) by the nasal-or conjunctival
route (Couch et al., 1990; Cate et al., 1965). Twenty minutes after virus
deﬁositjon. when the inoculum became visibly dry, about 65.0% of the O

min virus t.itre could be recovered. The overall loss in virus



Table 4.

ROTAVIRUS SURVIVAL ON EXPERIMENTALLY-
CONTAMINATED FINGERPADS
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20 min 60 min 260 min
Volunteer e
n* Mean% n' Mean % n* Mean %
survival (SD) survival (SD) survival (SD)
1 6 85.3 (47.33) 3 50.7 (18.98) 6 8.5 (5.16)
2 6 62.7(14.89) 3 37.2(12.50) 6 1.8 (2.02)
3 6 588 (51.57) 3 41.3(5.04) 6 4.4 (3.13)
4 6 529 (34.33) 2 30.3(10.33) 6 14.3 (7.35
5 12 51.1(2332) 3 40.3 (5.42) 12 10.2 (9.72)
64 6 373(R1.062) 3 51.9(1496) 6 0.02 (0.04)
Overallmean 57.0 (36.61) 42.6 (12.68) 7.1 (7.98)

@ One volunteer was different for the 60-mintues sampling time.

* number of observations

Ten ul of fecally-suspended rotavirus was placed on four fingers of
the left hand of each volunteer. Virus was eluted from two fingerpads at
20 minutes after deposition and from the two other fingerpads at 260
minutes after depositioh of the virus suspension. Virus survival at 60

minutes was determined in a subsequent trial with three fingers of each

volunteer.



SURVIVAL OF RV-14 ON FINGERPADS

Table 5.
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Volunteer

9% virus recovered after

20 min 30 min 60 min

120 min 180min

1 73.1 67.9 32.0 17.2 14.0
2 53.4 40.8 28.4 16.3 10.5.
3 65.3 56.6 39.5 20.7 15.1
4 66.3 65.6 51.1 37.9 22.7.
Mean: 64.5 . 57.7 37.8 23.0 15.6
(SD) (8.2) (12.3) (10.00 (10.1) (5.1)

Ten uL of mucin-suspended RV-14 was inoculated on the thumb
and each fingerpad of the left hand. Twenty, 30, 60, 120, and 180
minutes after deposition, thé inoculum was eluted and titrated. Percent

virus recovered at each time point is the average of at least three

observations on each volunteer.
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infectivity was gradual and after 30, 60, 120, and 180 minutes infectious
virus recoveries were 57.7+12.3%, 37.8£10.0%, 22.0+10.6% and
15.6+5.1%, respectively.

b) Rhinovirus survival on disks: The ability of RV-14 to survive
on inanimate surfaces was tested using stainless steel disks.
Experiments were conducted under ambient temperature and RH
conditions on different days. The results summarized in Table 6 show
that 20 minutes after deposition, 66.6=13.2% of the initial input
infectious virus was recoverable from the disks. These results compare
favorably with rhinovirus survival on fingerpads.

3. Parainfluenzavirus survival

a) Parainfluenzavirus survival on fingerpads: The amount of
input HPIV-3 on each fingerpad ranged from 1.3X105 to 5.5X105 PFU
and initially, survival of this virus cn fingers was tested over a period of 3
hours. Repeated trials showed that infectious virus was virtually un-
detectable 1 hour after its deposition on the fingerpads. In view of this,
the duration of HPIV-3 survival on the hands of the four volunteers was
examined during 60 minutes (Table 7). Virus infectivity dropped very
rapidly within the first 10 minutes when only 5.3% of the input

infectious virus was detectable. After 1 hour the virus infectivity was
barely detectable. In Figure 12 the survival of HPIV-3 is compared with
that of RV-14; the differences in the survival of these two viruses on
fingerpads were found to be statistically highly significant (p = 0.0001).

Since the virus inoculum was visibly wet after 10 minutes on the
fingerpad, the relatively rapid loss of HPIV-3 infectivity on the skin was
unlikely to be due to the drying of the inoculum alone. To further explore
this rapid inactivation of HPIV-3 on fingers, additional experiments on



Table 6.

SURVIVAL OF RV-14 ON STAINLESS STEEL DISKS

% PFU recovered (SD) at

%
0 min 20 min survival
n x104 x104
15 2.52 1.69 66.61
(0.53) (0.51) (13.18)

Ten ul of mucin-suspended RV-14 was placed on
four clean and sterilized stainless steel disks. Virus eluted
with 1.0 mL of EBSS from one disk immediately (input
PFU) and from the remaining three disks 20 minutes after
virus deposition. Experiments were conducted on five
separate days.



Table 7.

SURVIVAL OF HPIV-3 ON FINGERPADS

% recovery after
Volunteer

10 min 20 min 30 min 60 min

1 9.6 4.9 3.9 1.9
2 . 2.4 0.9 0.7 0.3
3 5.6 1.7 0.9 0.6
4 - 3.4 2.6 0.4 0.3
Mean: 5.3 2.5 1.5 0.8

(SD) (3.1) (1.7) (1.6) (0.8)

Ten ul of mucin-suspended HPIV-3 was
inoculated on the thumb and all fingerpads of the left
hand. From the thumb, virus was eluted immediately
after deposition (0 minute). From fingers 1, 2, 3, and
4, virus was eluted 10, 20, 30, and 60 minutes after
inoculation, respectively, and titrated.



Figure 12. Comparison of the survival of HP1V-3 and RV-14 on the
fingerpads of adult volunteers.

(Procedures for testing RV-14 and HPIV-3 survival on
fingerpads are outlined in the footnotes for Tables 5 and 7.
respectively)
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one volunteer were performed to examine virus survival during the first
10 minutes after deposition. These resulis are shown in Table 8

It is interesting to note that the loss in virus infectivity during first
10 min exposure to fingerpads was rapid and showed a typical linear
decay in HPIV-3 infectivity.

b) HPIV-3 survival on disks: The rapid loss of HPIV-3 infectivity
on hands prompted us to investigate its survival on disks under different
ambient conditions (55+5% RH and 22+2°C). Results presented in Table
9 show that 1 hour after deposition, 12.2 £2,73% infectious virus was
still detectable on steel disks, When these results were compared with
the fingerpad survival-. there was a marked difference (Figure 13). This
difference was significant (¢=0.05) and demonstrates a clearly different
behavior to that seen with rhinoviruses.

4. E. coli survival on fingerpads: The 3 volunteers in E. coli
survival study had previously participated in the rotavirus survival
experiments. The results summarized in Tabis 10 show that 20 minutes
after deposition, only 8.5 £3.2% of the input CFU could be recovered and
60 minutes after drying on hands this was reduced to only 3.5 £0.6% of
the inoculated viable bacteria. These findings clearly show that E. coli
_ survives poorly on human hands when compared to HRV.

5. S. aureus survival on fingerpads: The survival of S. aureus
was tested by the same protocol on the hands of the same three
volunteers used in the experiments with E. coli Howev.ei'. instead of
feces, mucin was used to suspend the bacteria before experimental
contamination of ﬁngerpads since this was felt to more accurately reflect

the in vivo situation.



Table 8.

SURVIVAL OF HPIV-3 ON FINGERPADS WITHIN
10 MINUTES OF DEPOSITION
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Expt. PFU at

0 min % recovery after
no. X109 N
lmin 4 min 7 min 10 min
1 1.7 82.65 57.80 29.48 7.54
2 1.3 84.12 25.09 16.32 11.17
3 1.8 65.93 24.72 23.54 10.00
4 0.6 94.90 63.20 20.50 2.00
5 1.2 86.21 45.34 40.43 10.40
Mean 82.76 43.23 26.05 8.22
(SD) (10.54) (2.7.94) (9.36) (3.73)

Ten uL of mucin-suspended HPIV-3 was placed on the
thumb and eluted immediately with 1.0 mL of EBSS (0 minute).
On fingers 1, 2, 3 and 4, virus suspension was deposited for 1,
4, 7 and 10 min duration‘respectively and titrated. For each
time point, virus depositon and elution was made separately on
separate fingers.



88

Table 9.

SURVIVAL OF HPIV-3 ON STAINLESS STEEL DISKS

Expt.

no.

PFU at
0 minute % PFU recovered at time (min)
X105

1 4 7 10 20 30 60

0.20 88.33 71.00 61.00 43.66 37.11 32.05 16.21
0.63 81.56 60.17 54.31 45.00 29.05 14.31 9.13
0.47 80.83 64.67 63.97 53.11 39.95 17.67 10.32
0.53 84.33 66.00 59.66 51.63 42.67 20.17 12.33

3.00 86.16 68.00 57.20 49.13 40.33 18.56 13.00

Overall mean: 84.24 65.97 59.23 48.51 37.82 20.5512.20

(SD)

(3.13) (4.02) (3.68) (4.10) (5.29) (6.77)(2.73)

Ten ul, of mucin-suspended HPIV-3 was placed on disks. After
specified time intervals, virus was eluted by transferring the disk into a
plastic test tube containing 1.0 mL of EBSS and then sonicated for 10

minutes,



Figure 13. Comparison of the survival of HPIV-3 on fingerpads and
stainless steel disks.

(Procedures for testing HPIV-3 survival on fingerpads and stainless steel
disks are outlined in the footnotes for Tables 7 and 9, respectively)
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Table 10.

SURVIVAL OF E. coli ON EXPERIMENTALLY-
CONTAMINATED FINGERPADS

% CFU recovered (SD) after

Volunteer
n 20 min n 60 min

1 10 8.44 6 3.32
(2.75) (0.51)

2 10 8.35 6 3.96
(3.37) (0.76)

3 10 8.59 6 3.28
(3.32) (0.52)

Overall mean; 8.46 3.52
(SD) (3.15) (0.60)

Ten-uL of fecally-suspended E. coli was inoculated on the thumb
and all fingerpads of the left hand. From the thumb, the inoculum was
eluted immediately (base titre). After 20 min, the inoculum was eluted
from fingers 1 and 2, after 60 min from fingers 3 and 4 separately and
titrated on mFC agar plates. Colonies were counted 18 hours after
incubation at 37°C.
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The findings of these experiments are summarized in Table 11. S.
aureus was found to survive on human hands much better than E. coli.
Twenty and 60 minutes after deposition, 58.4 £12.2% and 41.3 +5.9%,
respectively, of the recoverable CFU at O minute were still detectable.
Statistical analysis of the data show significant difference between S.

aureus angd E. coli survival on hands at a = 0.05 level.

1. STUDY OF VIRUE TRANSFER BETWEEN CONTAMINATED AND
CLEAN SURFACES

1. Rotavirus transfer: The ﬁndihgs of the foregoing experiments
clearly established the fact that HRV could retain its infectivity on
human hands for several hours. It has also been shown that HRV can
survive on non-porous inanimate surfaces for several days (Sattar et al.,
1986). In the following set of experiments we tested the extent to which
transfer of infectious virus could occur through contact between a clean
and a rotavirus-contaminated surface. The experiments were designed to
demonstrate virus transfer from finger to finger, disk to finger and finger
to disk. '

The efficiency of rotavirus transfer in each model was tested 20
and 60 minutes after deposition on fingerpads or on stainless steel disks.
Five volunteers participated in the 20-minute transfer experiments and
six volunteers for the 60-minute transfer. Table 12 summarizes the
results of these experiments.

The quantities of infectious virus transferred from contaminated
fingerpads to clean disks and from contaminated disks to clean finger-
pads were quite similar. Twenty minutes after virus inoculation 16.1% to
16.8% of the recoverable virus at 20 min could be transferred to and

from finger and inanimate surface (disk) and 60 minutes post inoculation



Table 11.

SURVIVAL OF S. aureus ON EXPERIMENTALLY-
CONTAMINATED FINGERPADS

% CFU recovered (SD) after

Volunteer
n 20 min n - 60 min
1 15 55.97 10 43,94
(10.56) (7.25)
2 15 64.71 10 40.90
(15.42) ( 6.66)
3 15 54.47 10 39.04
(10.52) ( 3.86)
overall mean: 58.38 41.29
(SD}) (12.17) (5.92)

Ten-ul mucin-suspended S. aureus was placed on the thumb and
all fingerpads of the left hand. The inoculum was eluted from the thumb
immediately (0 minute). From fingers 1 and 2, the inoculum was eluted
20 min after deposition and from fingers 3 and 4 after 60 min. Mannitol
salt agar plates were inoculated and bacterial colonies counted after
incubation for 24 hours at 370C.
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Table 12.

TRANSFER OF INFECTIOUS ROTAVIRUS FROM
CONTAMINATED TO CLEAN SURFACES IN THREE
SEPARATE MODELS

% infectious virus transferred (SD)
Time (min)
between virus Number of
contamination volunteers Fingerto Diskto  Finger to

and transfer disk finger finger
20 5 16.1 16.8 6.6
(5.43) (5.17) (2.61)
60 6 1.8 1.6 2.8
(1.50) (1.18) (2.11)

Three fingerpads of each volunteer were tested in each experiment.
Ten ulL of fecally-suspended rotavirus (2X104 to 8X104 PFU) was used to
contaminate each donor surface. A 5-second contact with pressure (1
Kg/cm2) was made between the donor and target surface either 20 min
or 60 min after virus contamination. The extent of virus transfer was
determined by recovery of infectious virus from the target surface.
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such transfer amounted to 1.6% to 1.8%. At 20 and 60 minutes after
inoculation, 6.6% and 2.8%, respectively, of the input infectious virus
could be transferred from a contaminated to a clean finger. In all three
models of virus transmission tested, HRV transfer 20 minutes after
deposition was higher when compared with that at 60 minutes. At 20
minutes the least amount of virus transferred was observed in the fin-
ger-to-finger model. This amount of infectious virus, however, was at
least 300 PFU, which is considerably higher than the estimated minimal
infective dose (1 tissue culture infective dose) for rotaviruses (Graham et
al., 1987; Ward et al., 1986). Virus transfer was not tested when the
inoculurmn was still visibly wet because, it was expected. based on
previous reports (Reed, 1975), that the transfer of virus from a wet
surface will be better as compared to that from a dry surface.

2. Rhinovirus transfer: The transfer of RV-14 between surfaces
was also determined according to the procedure described above. The
results summarized in Table 13 show that, irrespective of the nature of
the contaminated surfaces tested, the amount of virus transferred from
finger to finger, disk to finger or finger to disk was surprisingly similar in
contrast to the HRV results.

Since less than 1.0% of the recoverable virus at 20 minutes after
drying could be transferred from the donor to target surface, it was
considered important to account for the infectious virus still remaining
on the donor surface. ’I‘hlerefore. in a series of experiments using one
volunteer, virus was eluted from the target as well as the donor surface
after virus transfer was carried out. Data presented in Table 14 show
that, after the contact, as much as 72-92% of the virus which survived

20 minutes drying could Be aécounted for.
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Table 13.

TRANSFER OF RV-14 FROM CONTAMINATED TO CLEAN
SURFACES 20 MINUTES AFTER VIRUS DEPOSITION

% virus transferred

Volunteer Finger Disk to Finger to
to disk finger finger
1 1.4 0.6 0.9
2 0.7 0.5 0.6
3 0.8 0.7 0.7
4 0.7 0.8 0.7
Mean 0.9 0.7 0.7
(SD) (0.3) (0.1) (0.1)

Ten uL mucin-suspended rhinovirus (6.0X104 to 1.0X10° PFU)
. was deposited on the thumb, all fingers of left hand and on cleaned steel
disks. After 20 minutes, virus was eluted from the thumb and a disk
(base titre). For virus transfer, contact was made between donor and
recipient surfaces for 5 seconds with a pressure of approximately 1
kg/cm2. Virus eluted from the target surface and plaque assayed.
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Table 14.

TOTAL RV-14 DETECTABLE IN TRANSFER EXPERIMENTS

Mode PFU on doner % virus % virus recovered Total
of at 20 min transferred from donor after virus

transfer X104 to target transfer  recovered®

Finger-

to-disk 2.86 0.89 70.95 71.85
(0.33) (0.17) (15.21) (15.07)

Disk-to-

finger 2.33 16.39 74.12 90.51
(0.77) (4.84) (4.80) (0.64)

Finger-to-

finger  2.55 0.67 81.44 82.10
(0.66) (0.04) (4.89) (4.95)

Procedure for virus transfer is the same as that outlined in the
footnote for Table 13. After contact, virus was eluted from both the donor
and target surfaces and plaque assayed.

* Target + donor % recovery.
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It should be noted here that the disk-to-finger transfer results
shown in these experiments were much higher than those obtained for
the same transfer mode in the previous experiments (Table 13). This may
have been due to the influence of the ambient RH; the earlier
experiments with a low recovery took place in a low RH {35%) in contrast
to the latter at high RH (65%).

3. Parainfluenzavirus transfer: In spite of its poor survival on
hands, we attempted to determine if any infectious HPIV-3 could be
transferred from contaminated hands to clcan hands or disks 20
minutes after drying. Repeated experiments did not show any detectable
virus transfer from finger to finger or finger to disk. However, nearly
1.5+0.98% of infectious virus was transferred from contaminated disks
to clean hands (Table 15). This represents a minimum of 204 PFU which
is nearly 2.5 times the minimal infective dose for parainfluenzaviruses
(Smith et al., 1966).

IV. HYGIENIC HAND-WASHING

So far, in vivo testing of hygienic hand-wash agents has been
conducted mainly with bacteria (Ayliffe et al., 1988; Casewell et al., 1988;
Ojajarvi, 1980). Limited testing of such products against viruses on ex-
perimentally-contaminated human hands has been carried out (Cliver
and Kostenbader, 1984; Hayden et al, 1984; Hendley et al, 1978;
Schurmann and Eggers, 1983) using wide variations in the test protocols
in the absence of a standardized and universally acceptable method. Our
study was, therefore, aimed at designing a simple in vivo protocol, using
fingerpads, to assess the virus eliminating emciencsr of hand-washing
agents. The new protocol (Fig. 9; page 63) was then used to undertake a
comparative study of the efficiency of the hand-washing
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Table 15.

TRANSFER OF HPIV-3 FROM CONTAMINATED DISKS TO
CLEAN FINGERS 20 MINUTES AFTER VIRUS DEPOSITION

Expt. PFUat PFU remaining PFU transferred % virus

1o. Omin = after 20 min to finger transferred
on disk '
X104 X104 X102
1 2.85 0.79 2.31 2.61
2 6.66 2.25 2.04 0.91
3 7.00 3.02 2.82 0.93
Mean 5.50 2.02 2.39 1.48
(SD) (2.30) (1.13) (0.40) (0.98)

Ten uL of mucin-suspended HPIV-3 was placed on five cleaned and
sterilized stainless steel disks. Virus was eluted from one disk
immediately (0 min) and from another 20 min after deposition (base
titre). Clean fingerpads were pressed over the contaminated disks
separately for 5 sec with a pressure of approximately 1 kg/cm2, for virus
transfer to occur. Virus eluted from the recipient fingerpads and plaque
assayed.
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agents to remove or inactivate the rotavirus, E. coli and S. aureus.
Finally, the results obtained with the fingerpad protocol were compared
with those obtained using the conventional 'whole-hand' procedure (Fig.
10; page 65).

1. In vivo testing of hand-waching agents against HRV:

Initially, HRV was used in the fingerpad protocol to test 11
different hand-wash agents; 9 antiseptic formulations, an unmedicated
liquid soap and tap water alone. In these experiments, four contaminated
fingers of one volunteer were used; after a 10-second contact with the
test agent, fingerpads were rinsed with tap water and the residual virus
eluted with or without paper towel-drying. Results of rotavirus reduction
after hand-washing treatment and with drying or without drying are
shown in Tables 16 and 17, respectively.

Seventy percent isopropanol and 70% ethancl alone, as well as
Savlon containing 70% of either one of the alcohols, were able to reduce
the infectivity titre of the virus by 99.0% or more. Hibisol, which contains
chlorhexidine gluconate and 70% isopropanol, eliminated 95.3% of the
virus. Dettol and Proviodine produced a 96.2% and 96.5% reduction in
the virus titre, respectively. Cida-Stat and Savlon in water (1:200) gave
the lowest levels of virus removal of all the antiseptics tested, as they
were able to reduce the virus titre by only 80.3% and 78.3%, respectively.
Surprisingly, and in terms of mean percent virus removal, the liquid soap
(86.9%) and tap water alone (83.6%) were as good as, if not better than,
Cida-Stat and Savlon in water.

More virus was recovered wﬁen fingerpads were sampled without
drying them with paper towel. As shown in Table 17, 70% alcohols were

the most effective in eliminating rotaviruses from fingerpads whereas



IN VIVO EFFICACY OF HANDWASHING AGENTS

Table 16.

AGAINST HUMAN ROTAVIRUS USING THE FINGERPAD
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PROTOCOL
Handwashing % reduction Tukey grouping@
agent Mean (SD)

Isopropanol (70%) 99.8 (0.18) A

Ethanol (70%) 99.8 (0.19) A

Savlon (1:30) in

70% isopropanol 99.4 (0.84) A

Savlon (1:30) in

70% ethanol 99.1 (0.50) A

Proviodine 96.5 (2.65) A B

Hibisol 95.3 (2.15) A B

Dettol 96.2 (3.62} A B

Liquia soap 86.9 (2.42) B D

Cida~Stat' 80.3 (3.51) D

Savlon (1:200)

in water 78.3 (5.55) D
~ Tap water (control) 83.6 (3.49) D

4 Agents with the same Tukey groupings do not have significantly
different percentages of reduction (o = 0.05). '

Ten uL of fecally-suspended virus was added on the thumb and all

fingers of the left hand. After 20 minutes, virus was eluted from the

thumb without washing (base titre); from two fingers after washing and

drying.
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Table 17,

IN VIVO EFFICACY OF HANDWASHING AGENTS
AGAINST HUMAN ROTAVIRUS USING THE FINGERPAD
PROTOCOL WITHOUT THE DRYING STEP

Handwashing % reduction Tukey groupmga
agent Mean (SD).

Isopropanol (70%) 99.0 (0.81) A

Ethanol (70%) 99.0 (0.70)

Savlon (1:30) in

70% isopropanol 98.0 (1.24) A

Savlon (1:30) in

70% ethanol 92.5 (4.46) A B

Proviodine 86.0 (8.55) B C

Dettol 83.7 (6.25) B C

Liquid soap 75.8 (4.07) C

Tap water (control) 73.3 (9.67) C

Cida-Stat 70.6 (1.86) C

Savlon (1:200)

in water 45.2 (13.79) _ E

a Agents with the same Tukey groupings do not have significantly
different percentages of reduction (« = 0.05).

Ten uL of fecally-suspended virus was added on the thumb and all
fingers of the left hand. After 20 minutes, virus was eluted from the
thumb without washing (base titre) and from two fingers after washing
but without drying.
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formulations containing water were the least effective in reducing the
HRV contamination from fingerpads. For example, washing with Savlon
in water (1:200) removed only 45.2% of the challenge titre, whereas
removal of HRV by liquid soap (75.8%) and tap water alone (73.3%) are
comparable. These results suggest the importance of paper towel drying
especially when virus contaminated hands are washed with an ineffective
hand-washing agent.
The percentages of virus removal by various hand-washing agents
were compai'ed statistically using Tukey's procedure (Table 16 and 17).
Those means designated by the same letter under the ’I"ukey grouping
were considered not significantly different from each other at the a =
0.05 level. No differences were seen among the hand-washing agents
represented by the letter A. Likewise, no differences could be
demonstrated among those with the letter D. Group A, primarily the
alcohol-containing formulations and those solutions with high concen-
trations of iodine or p-chloro-m-xylenol (PCMX), were significantly
different from group D, which included the aqueous chlorhexidine salts,
soap and water and water alone. However, multiple coxﬁparisons also
showed the existence of intermediate groups B and C, which showed
some overlap with the means obtained with hand-washing agents in
groups A and D. Despite these overlaps, the alcohols or alcohol-
containing formulations were clearly superior to water and the aqueous
solutions of chlorhexidine salts in reducing the levels of HRV. In Table
17, Savlon in water (1:200) appeared to be the least effective {group E).
2. In vivo testing of hand-washing agents against HRV and E, coli
| In a separate set of experiments, using three volunteers and the

fingerpad protocol, five hand-wash agents (three antiseptics, the soap,
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and the tap water alone} were compared for their ability to eliminate
rotavirus and E. coli (Table 18). The purpoée for including three volun-
teers in this part of the study was to test for possible person-to-person
variation in the results.

Twenty minutes after inoculation of the test organism on the
fingerpads, 57% and 7% of the original inoculum for HRV and E. coli,
respectively, were detectable. Therefore, the challenge titres of the test
organisms for the hand-washing agents were 1.5£0.4X104 PFU and
9.9+1.6X104 CFU for HRV and E. coli, respectively.

The results of these experiments are shown in Table 18. Surpri-
singly, tap water appeared to be more effective in removing E. coli from
fingerpads than liquid soap. The differences in the mean percent
removals between HRV and E. coli were not statistically significant for the
alcohols, the alcoholic solution of Savlon, the soap or tap water alone.
However, there was a statistically significant difference (p = <0.0001)
between the mean percent removals of E, coli {98.9%) and the rotavirus
(80.6%) by Savlon in water (1:200).

Statistical analyses of the data summarized in Table 18 also
showed that the person-to-person variations in mean percent reductions
by a hand-washing agent against a given organism were not significant

{p= 0.14).

e e e s, re—— Wers——

protocol:

In order to determine if the fingerpad protocol was representative
of the normal hand-washing practice, selected hand-washing agents were
tested by the whole-hand protocol for their ability to eliminate HRV and
E. coli. In these experiments, on an average, -1.820.9X104 PFU and
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Table 18.

COMPARISON OF IN VIVO EFFICACY OF HAND-WASHING
AGENTS AGAINST ROTAVIRUS (HRV) and E. coli (EC)
USING
THE FINGERPAD PROTOCOL

Mean % reduction in titer with:

Isopropanol . Savlonin Savlonin
70% ethanol tap water Liquid Tap
Volun- 70% (1:30) (1:200) soap water
teer
HRV EC HRV EC HRV EC HRV EC HRV EC
1 998 99.0 99.1 98.7 77.5 99.6 97.1 60.8 83.6 90.0
2 996 997 988 99.1 773 975 914 80.0 822 88.1
3 995 992 994 99.0 87.0 99.6 68.1 647 849 91.8
Mean: 9.6 99.3 99.1 989 80.6 989 72.5 687 83.6 90.0
(SD) (0.2) (0.4) (0.3) (0.2) (5.5) (1.2) (5.1) (105 (1.4 (1.9

Ten ul of fecally-suspended HRV or E. coli was placed on the
thumb and all the fingers of the left hand. The test procedure was the
same as outlined in the footnote of Table 16.
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5.7+3.2X10% CFU of HRV and E. coli, respectively, were used as the chal-
lenge titres. The results of these experiments are summarized in Table
19,

In both the protocols, 70% isopropanol and the alcoholic solution
of Savlon reduced the titres of the two test organisms by at least 98.0%.
Even though the overall removal of the virus and E. coli by the other
hand-washing agents and tap water alone was not as high as that seen
with the alcohols and alcoholic Savlon, there was no significant diffe-
rence between the results obtained with the whole-hand and the
fingerpad protocols.

The wide variat.jons observed between the fingerpad and whole-
hand experiments with liquid soap and E. coli were not found to be
significant at the a = 0.05 level. With Savlon in water (1:200), of interest |
because it is commonly used, the results of the whole-hand experiments
were similar to those of the fingerpad protocol. Furthermore, Savlon in
water (1:200) was found to be significantly less effective fo1; the elimina-
tion of the virus (84.8%) when compared to E. coli (96.6%).

4. Spread of localized contamination from one hand to another:;

In the previous experiments, as much as 7% of infectious HRV
~ remained viable on the hands after washing with soap. This raised the
possibility that use of soap might serve to spread localized virus
contamination over a wider area of the hands being washed. To investi-
gate this further, experiments were carried out not only with soap but
also with isopropanol and tap water as controls.

One hand was contaminated with HRV and after 20 minutes
drying, the hands were washed together using the agent under test. The

initially uncontaminated hand was eluted to recover any infectious virus.
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Table 19.

COMPARISON OF THE WHOLE-HAND (WH) AND
FINGERPAD (FP) PROTOCOLS

% reduction Statistically
Handwashing mean (SD) significant
agent Organism difference
FP WH

70% isopropanol E. coli 99.0 (1.5) >99.9 (0.1) no
Rotavirus 98.8 (0.2) 99.9 (0.1) no

Savlon (1:30) in
70% ethanol E. coli 98.7 (0.3) >99.9 (0.1) Nno
Rotavirus 99.1 (0.5) 98.9 (0.6) no

Savlon in tap
water (1:200) E. coli 99.6 (0.1) 96.6 (2.2) no
Rotavirus 78.3 (5.6) 84.8 (6.8) no

Liquid Soap |
(1:10) E. coli 60.8 (36.8)94.5 (3.2) no
Rotavirus 86.8 (2.4) 93.8 (3.9) no

In the whole handwashing protocol, 0.5 mL of the fecally-
suspended virus or bacterium was placed on the palm of one hand and
then spread over the entire palm surface of both hands by gently rubbing
them together. After 20 min, virus or bacterium was eluted with 20 mL of
20% TPB either without any treatment (control) or after washing with the
test agent and paper-towel drying. Before plaque assay, samples were
passed through a column of Sephadex LH-20 to remove cytotoxicity, and
centrifuged at 14,000 xg for 10 min to remove bacteria and fungi.

For the details of the fingerpad protocol, please refer to the footnote
for Table 16.
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The results summarized in Table 20 show that washing with 70%
isopropanol did not result in spread of the virus to the clean hand,
whereas 24 and 43 PFU of HRV were transferred to the clean hand dur-
ing washing with liquid soap or tap water alone, respectively.

5. In pivo testing of hand-washing agents against S. aureus:

Five hand-washing agents were tested for their capacity to
eliminate S. aureus from experimentally-contaminated fingerpads. The
data presented in Table 20 show that 70% isopropanol and Savlon in
70% et_hanof were as efficient for S. aureus elimination as they were for E.
coli. Tukey's procedure was used to group agents accdrding to their
observed differences; the percent reductions by isopropanol, Savlo_n in
70% ethanol, liquid soap and tap water alone were not significantly
different at o = 0.05 level {Table 21). It was clear that Savlon in water did
not belong in this grouping. Results of these experiments comparing the
efficacy of hand-washing' agents against the two different bacteria, are
presented in Table 22. It can be seen that removal of E. coli by liquid
soap and tap water alone was less efficient compared to S. aureus
reduction by these agents. Reduction of the S. aureus titre ‘by liquid soap
(p= 0.0006) and by tap water alone (p= 0.0001) was significantly higher
than that for E. coll.

V. THE EFFICACY OF HAND-DRYING METHODS

We showed earlier that HRV could remain infectious on human
hands for at least 4 hours and that a number of commonly used hand-
washing agents were relatively ineffective in getting rid of this virus. We
also noted that drying of hands with a paper towel produced a substan-
tial- reduction in the number of rotavirus PFU remaining on washed
hands. In view of these early observations, the following experiments
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Table 20.

ROTAVIRUS SPREAD FROM CONTAMINATED LEFT HAND
TO CLEAN RIGHT HAND DURING HAND-WASHING

Hand-wash Input Virus PFU PFU recovered (%)
agents virus  recovered
tested (PFU)  after20min  fromleft  from right
hand hand

(primary})  (secondary)

Isopropanol 30,300 6,950 12 (0.2) 0
(70%)

Liquid socap 27,300 5,460 129 (2.4) 24 (0.4)

Tap water 21,100 4,640 240 (5.3) 43 (0.9)

0.5 mL fecally-suspended rotavirus was spread on the left hand.
After 20 min, both hands were rubbed together with 0.5 mL of the test
agent for 10 sec and then rinsed with 500 mL of 40°C tap water. After
drying with paper towel for 10 sec, residual virus was eluted separately
from each hand with 20 mL of 20% TPB. Eluates were passed through a
Sephadex LH-20 column to remove cytotoxicity and then centrifuged at
14,000 x g for 10 min to remove bacteria and fungi before plaque assay.
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Table 21.

IN VIVO EFFICACY OF HAND-WASHING AGENTS AGAINST
S. aureus IN THE FINGERPAD PROTOCOL

Hand-washing
n % reduction Tukey
agent - | (SD) grouping”
Isopropanol 70% 9 >99.99 A
(0.00)
Savlon in 70%
ethanol (1:30) 9 99.97 A
(0.01)
Liquid soap 9 99.38 A
' (0.54)
Tap water 9 99.02 A
(0.47)
Savlon in
tap water 9 96.16 B
(1:200) (4.94) '

*Means with the same letter are not significantly different.

Ten uL of mucin-suspended S. aureus was placed on the thumb
and all fingerpads of the left hand. After 20 min drying, the inoculum
was eluted from the thumb without washing (base titre); from the fingers,
residual bacteria were eluted after washing and drying with paper-towel.



Table 22.

COMPARISON OF IN VIVO EFFICACY OF HAND-WASHING
AGENTS AGAINST S. aureus (SA) and E. coli (EC) USING
THE FINGERPAD PROTOCOL

Mean % reduction in titre with;:

Isopropanol Savlonin Savlon in
70% ethanol tap water Liquid Tap
Volun- 70% (1:30) (1:200) soap water

teer

SA EC SA EC SA EC SA EC SA EC

1 99.9998.95 99.9798.66 90.5599.59 98.76 60.80 99.01 90.00
2 99.9999.69 99.9899.13 98.0597.58 99.74 80.60 99.5088.06

3 99.9999.15 99.9699.02 99.8799.46 99.6464.69 98.5691.79

Mean 99.9999.26 99.9798.94 96.1698.88 99.3868.70 99.02 89.95

(SD) 0.01 0.38 0.01 0.25 4.94 1.12 0.5410.49 0.47 1.87

Procedures for E. coli and S. aureus experiments are the same as
outlined in the footnotes for Tables 17 and 21. respectively.



were undertaken to compare the rotavirus-eliminating efficiency of cloth
towels and electric warm air with that of paper towels. Similar experi-
ments were also conducted with E. coli.

The rotavirus survived much better than E. coli during the initial
20-minute drying of the inoculum. As can be seen from Table 4, 57% of
rotavirus PFU as compared to 8.5% E. coli CFU (Table 10} remained
detectable after 20 minutes. To compensate for the greater reduction in
its viability during the drying of the inocuium. a larger number of E. coli
CFU was placed on the fingerpad. '

Table 23 shows the relative efficiency of the hand-washing agents
in the elimination of the rotavirus and E. coli without any additional
drying of the washed fingerpads. All hand-washing agents tested proved
to be more effective against E. coli than against rotavirus. Except for 70%
isopropanol, these differences were found to be statistically significant (o
= 0.05). The difference was particularly pronounced in the case of Savlon,
where the reduction in E. coli CFU was 94.68+1.91% as compared to
72.12+6.13% for rotavirus PFU. Tap water alone was found to be nearly
as effective as liquid soap for the removal of both test organisms, and
comparable to Savlon for the elimination of the rotavirus. These findings
reinforce the earlier results presented for rotavirus and E. coli in the
previous section (Table 18). _

Drying of washed fingerpads always resulted in a further reduction
of both test organisms. Figure 14 summarizes the results of these experi-
ments. Iirespective of the hand-washing agent used, electric warm air-
drying produced the highest, and cloth-drying the lowest, reduction in
the numbers of both test organisms. For example, after washing with the
soap and water and no drying, the reduction in rotavirus was
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Table 23.

RELATIVE EFFICACY OF THE HAND-WASHING AGENTS IN
ELIMINATING ROTAVIRUS AND E. coli FROM FINGERPADS
WITHOUT THE DRYING STEP

% reduction (SD)

Hand-washing
agent
rotavirus PFU E. coli CFU
70% isopropanol . 98.90 (0.06) 99.43 (0.25)
Savlon (1:200) in 72.12 (6.13) 94.68 (1.91)
tap water
Unmedicated 77.11 (3.77) 81.86 (3.55)
liquid soap
Tap water alone 73.80 (5.52) 78.99 (3.52)

For procedure see footnote for Table 17. After washing with these
agents, residual organisms were eluted without drying the washed area.
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Figure 14. Recovery of Escherichia coli (a) and rotavirus (b) from
fingerpads after washing and drying.
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approximately 77%; when the washed hands were warm air- dried, the
reduction (91.74+0.81%)} was greater when compared to the paper
(86.90+2.42%} or cloth (80.40+0.14%). The reduction in the levels of resi-
dual contamination by warm air-drying was significantly different
(p=0.0001) when compared to the two other methods with all the agents

tested, except for 70% isopropanol.
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DISCUSSION
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Many infectious diseases can‘now be prevented through the proper
use of safe and effective vaccines {Melnick, 1989). Improvements in the
treatment and supply of potable water and in the collection, treatment
and disposal of sewage have also resulted in a drastic reduction in the
number of cases of enteric diseases such as hepatitis A, However, in
spite of these and other developments in public health and general
improvements in standards of hygiene, many viral enteric and
respiratory infections continue to spread, particularly in institutional
settings Allen and Ford-Jones, 1990; Gwaltney and Hendley, 1982; Hall,
1983: Pentland and Penington, 1980). Whereas air may play a role in the
spread of these infections (Hall, 1983; Dick et al., 1987; Gwalteny et al.,
1978), it is generally believed that hands are the primary vehicles in such
settings (Black et al., 1981; Ekanem et al., 1983; Samadi et al., 1983).
There is also increasing evidence to suggest that environmental surfaces
and fomites may also be involved as vehicles in institutional settings '
either directly or in conjunction with hands and possibly air (Dick et al.,
1987; Jennings et al., 1988; Keswick et al., 1983a, 1983b; Pancic et al..
1980; Sattar et al., 1986).

Studies to determine the precise role and relative significance of
hands, environmental surfaces and fomites in the transmission of
pathogenic microorganisms are Jdifficult to design and even harder to
conduct mainly because of ethical considefations, number of variables
involved and budgetary constraints. The unpredictébility of infectious
disease outbreaks in institutional settings also makes.it'd‘ifﬁcult to plan

and allocate necessary resources for such investigations. Attempts that
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have been made so far have been confined mainly to certain types of
bacterial diseases (Knittle et al., 1975; Onesko and Wienke, 1987: White
et al., 1989). Therefore, with some notable exceptions, such as
rhinoviruses (Hendley et al., 1973: Reed, 1975), virtually nothing has
been reported, in precise quantitative terms, about how well human
pathogenic viruses survive on hands, how they are transferred to and
from hands and the efficacy of commonly used hygienic hand-washing
agents in their elimination. Such information would be essential to
elucidate the role of hands as vehicles for viral infections. One of the
principal objectives of this study was therefore, to investigate how well
rota-, parainfluenza- and rhinoviruses could survive on human hands.
Their survival was then compared with that of E. coli and S. aureus.

1. The fingerpad protocol

Fingers may be the most important part of the hand in the spread
of pathogenic microorganisms. They frequently come in contact with
infectious fluids or surfaces and fomites contaminated directly or by
large particle aerosols. Such acquisition and carriage of pathogens by the
fingers may result in inoculation of self or others, particularly when
caring for the sick, the young and the elderly.

The fingerpad protocol used here was developed in our laboratory
as a simple, reproducible and quantitative method in order to study the
role of hands in the transmission of pathogenic viruses and bacteria. The
results of this study show that this protocol could be readily used for the

study of enteric viruses and respiratory viruses as well as bacteria.
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The nature of the medium used for suspending the test organism
can influence its survival (England, 1982) on hands and environmental
surfaces. The most appropriate suspending medium for laboratory-based
studies is the body fluid in which the organism is normally discharged.
However, such body fluids from naturally-infected individuals may not be
available in sufficient quantities and with high enough infectious titres
for experimental contamination. In the absence of such naturally-
discharged pathogen-containing body fluids, organisms to be studied are
experimentally added to a vax;iety of suspending media. The choice of the.
suspending medium is governed by its ready availability, harmlessness
to the test organism's infectivity and the assay system as well as its
similarity to the body fluid(s) in which the test organism is normally
discharged. In this study, we used either feces or bovine mucin in normal
saline instead of suspending the test orgainsms in cell culture media or
buffered salt solutions {Brady et al., 1990; Reed, 1975).

EBSS, with or without TPB. was used as an eluent because it was
not only harmless to microbial infectivity but also highly efficient in the
recovery of the viruses and bacteria tested here. These eluents are readily
available, safe for contact with the skin and harmless to the cell cultures
used. Elution of the virus inoculum immediately from the experimental-
ly-contaminated finger or disk generally resulted in a recovery of 80-95%
of the input infectious virus. Although it is recognized that the efficiency
of elution may vary inversely with the length of time the virus or the
bacterium is on the contaminated surface, this would be confounded

with the inherent loss of infectivity and would not be possible to



determine without the help of a suitable microorganism-incorporated
radio-active tracer. Whereas this would be feasible in experiments on
inanimate surfaces, the use of such labelled microorganisms on human
hands would be restricted. In an earlier study in this laboratory (Sattar
et al., 1986), 90-100% of radioactively-labelled rotavirus could be eluted
from metal disks using TPB.

The washing and ethanol rinsing of hands before the deposition of
the virus on fingerpads were considered necessary to minimize the
influence of accumulated materials, such as natural oils or emollients,
on virus and bacterial.survival. It also served to eliminate the possibility
of any background levels of virus or bacteria on the hands of the
volunteers.

In general terms, the potential of a vehicle to spread a given infec-
tious agent is directly related to the capacity of the agent to survive in or
on that vehicle. Hands have long been implicated in the spread of infec-
tious diseases, and are often suggested as the most important vehicle
(Hendley and Gwaltney, 1988; Adler, 1986; Hutto et al., 1986; Black et
al., 1981; Modlin, 1988). In spite of this, their role in the spread of
. enteric and respiratory viral diseases remains unclear, and there is
relatively little information on the capacity of enteric and respiratory
viruses to survive on hands. Most of the evidence in this regard comes
from work with rhinoviruses (Hendley et al., 1973; Gwa.ltne.y'et al., 1978;
Reed, 1975) and respiratory syncytial virus (Hall et al., 1980; 1981: Hall
and Douglas; 1981b).



a) Rotavirus: Before the present study, no information was avail-
able on rotavirus survival on human hands. The results of this study
show that these viruses can retain their infectivity on human skin for
several hours. For the survival experiments, the first sampling time of 20
minutes was selected because this was the minimum period required for
the inocula to become visibly dry. The choice of the last sampling time, 4
hours post-drying of inocula, was based on the expected maximum
period between hand-washing for institutional staff and those in their
care. During this period care-givers wbﬁld most likely make direct con-
tact with several susceptible individuals in institutional settings. There
were also scheduling difficulties for the volunteers if the experiments
were to be conducted for periods longer than 4.5 hours.

Although the experiments to study rotavirus survival on hands
were conducted under ambient conditions (approximately 22+2°0C and
45+5% RH), the exact temperature and moisture level of the skin could
not be determined. In view of this, it is difficult to make a direct
comparison between human rotavirus inactivation on the skin surface
and that previously observed under defined conditions of temperature
and RH for the same virus dried onto inanimate surfaces (Sattar et al.,
1986).

A 10% suspension of feces was used to suspend.the virus in these
experiments because the large amounts of particulate matter and the
thicker consistency made more concentrated stool samples harder to
work with. The 10-uL inoculum used here was large enough to be mea-

sured with reasonable accuracy, and yet it was considered small enough
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to represent a realistic amount of éontamination that could be acquired
during contact from fecally-contaminated material.

Cases of rotaviral diarrhea have been found to excrete up to 1011
virus particles per gram of feces (Flewett and Woode, 1978), and it has
been demonstrated that at least 1 of every 4X104 of these particles is
infectious for cell culture (Ward et al., 1984). In this study, the level of
infectious rotavirus in the 10-uL inoculum was, therefore, within the
range one might encounter in field situations. It has also been shown
that the minimum infective dose for animal (Graham et al., 1987) as well
as human (Ward et al., 1986) rotaviruses may be as low as 1 cell culture
infective unit. Even though less than 10% of the input infectious virus
remained detectable on hands after 260 min, this remaining fraction still
represented between 130 and 1700 PFU.

The survival of HRV was consistently poorer on the hands of cer-
tain volunteers. This may be due to differences in the biochemistry,
physiology, and topography of the skin from one individual to another.
Whereas this requires further investigation, we noted that, one volunteer
who tended to perspire excessively gave more variable results for virus
survival,

b) Rhinovirus and Parainfluenzavirus: Rhinoviruses are
ubiquitous agents and are among the most common viral respiratory
pathogens of man. They are capable of caﬁsing upper respiratory tract
infections at all ages. The exact mechanisms of transmission of these
viruses still remain controversial. Although survival of i'hinoviruses on

human hands has been studied'previously. we regard certain aspects of
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the experimental design to be flawed. For exafnple, in one study (Hendley
et al.,, 1973), rhinovirus type 39 was suspended in either Hanks'
balanced salt solution or normal saline and placed on the palm or the
back surface of the hand; the deposited virus was recovered by simple
washing of the contaminated area with a broth and no attempt was made
to quantitate the infectious virus recovered 1 and 3 hours after
deposition. In testing the survival capacity of respiratory viruses, use of
balanced salt solution or normal saline as a virus suspending medium
may be inappropriate due to the absence of an organic load.

The minimai infective dose for rhinoviruses through the nasal
route has been found to be less than 1 TCIDgqg (Couch, 1990); humans
can also be readily infected by rhinoviruses through the conjunctival
route (Bynoe et al., 1961: Winther et al., 1986). The findings of this study
show that on average 13,500 PFU of RV-14 could be recovered from
human hands after 3 hours. This suggests that RV-14 contaminated
hands may have the potential to spread infectious virus particles for
several hours. |

The capacity of parainfluenzaviruses to survive on human hands
was unknown before this study. The results of our quantitative tests
using the fingerpad protocol clearly show that HPIV-3 could not persist
on human skin as well as RV-14 did (Fig. 15) under ambient conditions
on the hands of the same set of volunteers. The reduction in the
infectivity titre of HPIV-S was apparent well before the inoculum became
dry on the contaminated fingerpads; within 10 minutes of deposition on
fingerpads, >90% of HPIV-3 infectivity was lost. This suggests that if



spread of parainfluenzaviruses by hands is to occur, it may only be
within the first few minutes after their contamination with the infectious
material. Limited testing with parainfluenzaviruses shows their minimal
infective dose for humans by the intranasal route to be about 80 TCIDsq
(Smith et al., 1966). In view of this, hands would appear to play a limited
role as vehicles for parainfluenzaviruses. The reasons for the rapid loss of
HPIV-3 on fingerpads are not known. As an enveloped virus, it may be
subject to rapid inactivation by fatty acids and lipases on the skin.

In contrast to survival ﬁn hands, HPIV-3 was found to survive bet-
ter on non-porous environmental surfaces (Table 9). One hour after
deposition on the disks >12% infectious HPIV-3 was detectable as com-
pared to 0.8% on human hands. It is, therefore, possible that environ-
mental surfaces, after their contamination with respiratory secreﬁons
may serve as potential sources for HPIV-3 spread.

¢) E. coli and S. aureus: E. coli was used as a representative of
Gram-negative fecal bacten‘é. It is also an important nosocomial
pathogen (Paulozzi et al., 1986; Salzman et al.,, 1967). S. aureus was
chosen because it is not only an important nosocomial pathogen, but it
is a Gram-positive bacterium normally found on human skin.

S. aureus survived better than E. coli on the hands of the volun-
teers. Only 8.46x3.15% and 3.52+0.60% of the input E. coli CFU remai-
ned viable after 20 and 60 min, respectively. Whereas, for the same time
periods, the recovery of S. aureus CFU was 58.4+2.2% and 41.3+5.9%,
respectively. S. aureus survival on hands was found to be remarkably

similar to that of the rotavirus (Fig. 15).
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Figure 15. Survival of viruses and bacteria on fingerpads.
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There are only a few publisﬁed reports where survival of various
Gram-positive and Gram-negative bacteria was studied on hands (Ayliffe
et al., 1978: 1988; Casewell and Desai, 1983; Gontijo Filho et al., 1985;
Paulo et al., 1985; Pether and Gilbert, 1971). Whereas these studies also
indicate poor survival of E. coli and better survival of S. aureus, we
consider the suspending media (distilled water or broth) and the methods
of skin sampling used in these earlier studies to be inappropriate. To our
knowledge, our study is the first one where fecally-suspended E. coli was
used to determine its survival on hands. Poor survival of E. coli on hands
and its high minimal infective dose (DuPont et al., 1971) suggest that the
spread of these organisms through hands may be infrequent.

In this study, S. aureus was suspended in bovine mucin because
this organism is frequently found in the anterior nares (Williams, 1963).
It is important to note that in most of the previous studies S. aures was
suspended in saline or in distilled water (Lilly and Lowbury, 1978) or in
culture broth (Ayliffe et al., 1978; 1990).

The average numbers of bacteria used to contaminate each finger-
pad were 6.5X106 and 4.6Xx106 CFU for E. coli and S. aureus, respec-
tively. These figures are considered quite realistic because up to 107
viable cells of S. aureus and Gram-negative bacilli have been recovered
from the hands of nurses (Ayliffe et al., 1978). Findings of this study
provide strong evidence that S. aureus is rnbre stable on hands than E.
coli and reinforce the potential role of hands at least for the transmission

of S. aureus.
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3. Virus survival on inanimate surfaces

a) Rhinovirus and Parainfluenzavirus: There are conflicting
reports on the survival of parainfluenzaviruses on inanimate surfaces
(Brady et al., 1990; Parkinson et al., 1983). Our finding that HPIV-3
survives poorly on hands stimulated the performance of a series of
experiments to test the survival of this virus on stainless steel disks. The

results (Table 9) indicate that HPIV-3 survives relatively longer on these

- disks than on hands.

A recent study (Brady et al., 1990) has shown that infectious
parainfluenzaviruses can be recovered for up to 2 hours from stainless
steel and plastic surfaces. A significantly longer survival of parain-
fluenzaviruses was reported by Parkinson et al. (1983). They sprayed
suspensions of parainfluenzaviruses on plastic Petri plates, and these
plates were then kept indoors (21.4°C and %%. RH) or outdoors (-22.4 to -
33.2°C at 100% RH). Parainfluenzaviruses tvoe 1, 2, and 3 survived for
4, 7. and 12 days indoors and 7, 12, and 17 days in the outside
environment. A direct comparison of these results with our findings
cannot be made because of the disparity in experimental design. But
Parkinson's study indicates better survival of pérainﬂuenzaviruses at
lower temperature and high RH. During our study, the indoor RH was in
the range of 50-60%. and the room temperature was fairly constant at
22°C. The study condﬁcted by Brady et al. (1990) was under ambient
temperature, but the RH level was not reported.

Brady et al. {(1990) consider drying as the cause for the reduction

in parainfluenzavirus infectivity. Findings of our 10-minute survival
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experiments suggest that drying may not be a critical factor since, within
4 minutes of deposition on fingerpads, when the deposited drop of virus
suspension was still wet, >55% of the inoculated virus infectivity became
undetectable. We may speculate that the virus is more sensitive to the
atrnospheric temperature, which might explain why in the South Polar
environment at -22.4 to -33.2°C, HPIV-3 survived for 17 days {(Parkinson
et al., 1983). A relatively faster reduction on hands can be explained by
the fact that the temperature of human hands is higher than the
temperature of objects in indéor settings and secondly, the skin of hands
secretes factors which may accelerate the inactivation process of these
viruses.

A large proportion of the particles generated during sneezing and
coughing is greater than 15 um in diameter. Such particles tend to settle
out of air rapidly and thus for direct virus transmission to occur,
impaction of these particles on the nasopharynx of persons in the
immediate vicinity of an acutély infected case may be necessary (Couch
et al., 1966). Droplet nuclei containing viruses may remain suspended in
air for extended periods. However, the capacity of human
parainfluenzaviruses to survive in air is largely unknown. Miller and
Artenstein, (1967) have shown that the biological decay rate of HPIV-3
in artificially-generated aerosols at 50% and 80% RH was 3.8% and 3.1%
per minute, respectively, whereas at 20% RH, the decay rate was
reduced to 0.53% per minute.

In the light of our present findings and previous published reports

it can be speculated that the transmission of human parainfluen-
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zaviruses occurs mainly by direct exposure to large airborne particles.
Limited spread of these viruses through hands may be possible within
few minutes of contamination; inanimate environmental surfaces appear

to have better potential to spread parainfluenzaviruses.

el e A L L AL g A S LA 11 )

a) Rotavirus: The capacity of rotaviruses to survive well on hands
prompted us tfo investigate their transfer from experimentally-
contaminated to clean surfaces through contact. Results of these ex-
periments clearly indicate that transfer of infectious rotavirus can occur
readily between hands as well as between hands and nonporous
inanimate surfaces. ’

Many types of porous and nonporous inanimate surfaces can act
as rotavirus donors or target surfaces in institutional settings. However,
earlier studies have shown that rotaviruses are more readily recovered
from experimentally-contaminated nonporous inanimate surfaces and
that the extent of virus survival is virtually the same on plastic, glass,
and stainless steel (Sattar et al., 1986). In view of this, stainless steel
disks were chosen here to represent nonporous inanimate surfaces.

In the transfer experiments, only one level of pressure was tested.
~ and the contact between the surfaces was made without any friction or
rubbing motion. We estimate that the pressure used here is generally
what is applied in many routine functions such as turning doorknobs
and shaking hands. Further testing would be required to ‘determine if
and how different levels of pressure and friction might influence virus

transfer.
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In all three models, rotavirus transfer after 20 minutes was higher
than that at 60 minutes. This suggests that, although the inocula were |
visibly dry after 20 min, drying was incomplete. This is in agreement with
previous observations with rhinoviruses {(Reed, 1975) where virus
transfer was greatest when the inoculum was still damp. Af 20 min, the
lowest percentage of transfer was observed in finger-to- finger contact. If
chemicals on the skin are detrimental to rotavirus survival, then the
virus transferred from finger-to-finger may be exposed to a second
chemical challenge which would reduéé the infectious virus recovered.
The amount of infectious virus that could be transferred from a
contaminated to clean surface even after 60 min drying was at least
3.0X102 PFU, which is considerably higher than the estimated minimal
infective dose for human rotaviruses (Ward et al., 1986).

The results of this study strongly suggest that hands may play a
vehicular role in rotavirus transmission. Since rotaviruses may remain
infectious on inanimate surfaces for prolonged periods (Sattar et al.,
1986), the roles of fomites and hands in their transmission may be com-
plementary or synergistic. In institutions housing infants and young
children the numbers of hand-to-hand, hand-to-cbject and object- to-
hand contacts are inevitably high. Children frequently suck their fingers
and put toys and other objects into their mouths; in. one study, these
activities were noted as often as every 2 to 3 minutes (Black et al., 1981),
Such frequency of contacts may help to explain the high incidence of
rotavirus infection and disease in susceptible populations of infants and

young children.
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b) Rhinovirus and Parainfluenzavirus: Repeated experiments

failed to detect any HPIV-3 transfer from finger-to-disk or finger-to- finger
20 minutes after contamination. Transfer of HPIV-3 from disk- to-finger
was demonstrated, indicating that the virus survived better on inanimate
surfaces and such contaminated surfaces may play a role in
dissemination of parainfluenzaviruses in institutional settings.

The transfer of HPIV-3 and RV-14 from disks to clean fingers
supports a role for fomites in the contamination of hands with both
viruses. The numbers of PFU transferred for HPIV-3 and RV-14, respec-
tively, were about 200 and 170. This represents just over 3 minimal
infective doses for HPIV-3 (Smith et al., 1966) and several doses for RV-
14 (Couch, 1990). With a rapid loss of HPIV-3 infectivity on the skin, the
chances of directly infecting susceptible hosts through hands are limited.
Since no finger-to-finger or finger-to-disk transfer of the virus could be
demonstrated when the inoculum was allowed to dry for 20 minutes,
indirect passage of the virus from hands is even less likely to result in
disease spread. In contrast to this, the small minimal infective dose for
rhinoviruses, and their ability to remain viable on human skin for longer
periods suggest that hands may play an important role in their spread.

In the experiments by Reed (1975), either phosphate buffered
saline or tissue culture fluid was used for suspending the test rhinovirus
and the contaminated surfaces were sarnplled for infectious virus 2-10
min after their inoculation. We believe that the differences in sampling
time may have been responsible for the wide variations in the resulting

rhinovirus survival and recovery from environmental surfaces and
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fomites. We tested the transfer of rhinpﬁrus from experimentally-
contaminated to clean surfaces only after 20 min of drying, and in each
experiment a uniform pressure was applied for 5 sec.

The issue of the principal route of rhinovirus transmission is still
unresolved. Are rhinoviruses transmitted mainly through direct contact
or through air? One view is that these viruses spread mainly through
direct hand-to-hand or fomes-to-hand contact followed by self-
inoculation {Hendley and Gwaltney, 1988); the other view is that
rhinovirus transmission occurs chiefly by the aeroscl route (Dick et al.,
1987; Jennings ét al.,, 1988). Earlier, Pancic et al. (1980) have
demonstrated the recovery of 3 to 1,800 rhinoviruses PFU from recipient
fingertips following contact with contaminated doorknobs or faucets
touched earlier by a donor.

The results of the present study further confirm the fact that
rhinoviruses not only survive for several hours on non-porous inanimate
surfaces and on human hands but that transfer of virus can occur on
contact with a contaminated surface. This suggests that hands and
environmental surfaces have the potential to act as vehicles for
rhinoviruses. To establish the role of air in rhinovirus transmission,
isolation of the virus from the surrounding air is imperative, and this can
be attempted with available technology (Park, 1980). Karim et al. (1985)
have shown that in the air-borne state, RV-14 can survive for several
hours only at RH levéls higher than 80%; when the RH was low, virus
became undetectable within 15 minutes of aerosolization. This indicates

that, under conditions of high RH, rhinoviruses may remain viable in air
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long enough to be inhaled in sufficient quantities by susceptible indi-
viduals.

Proper and regular hand-washing as well as disinfection of hard
environmental surfaces may be crucial in minimizing the spread of
rhinoviruses, particularly in institutional settings. Our earlier studies
(Sattar et al., 1989) have shown that HPIV-3-contaminated hard non-
porous surfaces are relatively easy to disinfect with a variety of comm-
ercial and non-commercial formulations. However, no information is
available on the in vivo efficacy of antiseptics in dealing with HPIV- 3-
contaminated hands. Rhinoviruses have also been found to be fairly
susceptible to chemical disinfectants in studies on inanimate surfaces
and on hands (Carter et al., 1980; Dick et al., 1986; Hayden et al., 1984:
1983). We have also shown (Sattar et al., unpublished data) that a
medicated liquid soap could reduce the infectivity of RV-14 by more than
99.0% on experimentally-contaminated fingerpads after a contact time of
10 sec. |
5. Antisepsis

Hand-washing is regarded as the single most important procedure
for preventing the transmission of infections (Black et al., 1981:
Reybrouck, 1986; Steer and Malison, 1975}. However, the desired impact
of hand-washing depends not only on the regularity and thoroughness of
the procedures used but also on the type of hand-washing agent
selected. The continued occurrence of disease outbreaks, such as
rotaviral gastroenteritis (Allen and Ford-Jones, 1990; Di Matteo et al.,
1989; Guerrant et al., 1990; Hjelt et al., 1985; Maderova et al., 1987;
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Pacini et al., 1987; Raad et al., 1990; }, is believed to be due the poor
compliance with hand-washing guidelines (Albert and Condie, 1981;
Donowitz, 1987; Quraishi et al., 1984). But, a high degree of compliance
alone may not be sufficient for proper infection control if the hand-
washing agent is not effective in the removal or inactivation of important
nosocomial pathogens. The findings of this study indicate that some
commonly used hand-washing agents may be inadequate to deal
effectively with viruses which are known to cause disease outbreaks in
institutions.

In a field situation, antiseptics should be suitable for the
inactivation of both viral and bacterial pathogens on contaminated skin.
This may be particularly true when the minimal infective dose for some
viral agents is extremely low. Furthermore, some viruses may also |
survive on human skin more readily than many types of bacteria.

Use of the whole hand for regular testing of antiseptics against
viruses is not considered feasible. Apart from the relatively large volumes
of a high-titered virus pool required for each experiment, determination
of the recoverable titre of the organism at the end of 20 min after
contamination and treatment of hands with the test product must be
. conducted at different times. For viruses, a detoxification (disinfectant
removal) step is also required to protect the cell monolayer from cytotoxic
effects of the residual disinfectant. Moreover, recovery of inoculated
organisms from the whole hand is generally lower and more variable
than from fingerpads. These factors‘ make the whole-hand protocol
inherently difﬁculf to control.
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On the other hand, the fingerpad method used in our studies
represents a simpler and better way of testing antiseptics against viruses
as well as bacteria. It not only permits the use of microlitre quantities of
the infectious agent, but also allows the inclusion of appropriate controls
and sufficient numbers of replicates in the same test.r The results
obtained with this protocol were reproducible and did not show any
significant person-to-person variation: they were also in agreement with
the findings based on the whole-hand technique. The suitability of using
fingers as compared to whole hands iﬁ -antisepsis experiments has also
been reported by others (Schurmann and Eggers, 1983).

The results of this study are based on a relatively small number of
volunteers. Similar experiments with a minimum of 10 volunteers may be
necessary to test for person-to-person variation and also to convinecingly
demonstrate the potential of this technique as a standard in vivo protocol
for testing the germicidal efficacy of hygienic hand-washing agents.

So far, much of the in vivo evaluation of handwashing agents has
been conducted with bacteria; there are few published reports where they
have been tested against viruses on either naturally- or experimentally-
contaminated hands (Cliver and Kostenbader, 1984: Eggers, 1990;
Hayden et al., 1984; Hendley et al., 1978; Schurmann and Eggers, 1983;
Schurmann and Eggers, 1985). Furthermore, there is no standard in vivo
protocol to test the virus- or bacteria-eliminating properties of hand-
washing agents.

In commonly used suspension and carrier testing of germicides, a

disinfectant is required to reduce the infectious titer of the test organism
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by at least 99.9% to be considered effective. There is no such generally
recognized criterion of efficacy for the in vivo testing of antiseptics for
viruses. In order to establish a universally acceptable criterion of efficacy
for antiseptics tested by in vivo protucols, it will be necessary to test a
wide variety of formmulations and several representative viruses. Carter et
al., (1980) and Schurmann and Eggers (1983) reported tl.at in vitro
testing of antiseptics showed them to be more effective than they were in
in vivo tests. These findings further reinforce the need for in vivo testing
of antiseptics. .

In reviewing critically the available published information on
testing hand-washing agents, we found either no mention of the suspen-
ding medium or inappropriate media were used for suspending the test
organism. In testing the efficacy of handwashing agents, the nature of
the suspending medium is as crucial as noted earlier for survival studies.
For example, rotavirus particles in feces are often found either as large
aggregates or as clumps embedded in tissue fragments (Holmes, 1979).
This may provide the virus considerable protection against the action of
chemical disinfectants. It has also been suggested that the accumulation
of organic matter on the skin surface during the course of a work-day
may decrease the effectiveness of hand-washing agents (Lilly and Low-
bury, 1978; Lowbury and Lilly, 1974).

Although surveys on health-care persbnnel have shown that the
mean duration for total handwashing was about 8 seconds (Quraishi et
al., 1984), we used the 10 second exposure of the contahﬁnated area to

the agent under test as recommended in the handwashing guidelines
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from the U.S. Centers for Disease Control (Garner and Favero, 1985).
This relatively short exposure time is also considered to be more suitable
for testing antiseptics used for hygienic hand disinfection (Ayliffe et al.,
1988; Quraishi et al., 1984; Reybrouck, 1986).

Rinsing of hands may be an important step in hand antisepsis; tap
water is normally used in the field and we followed this practice in the
testing protocol. Although it is acknowledged that the composition of tap
water may vary geographically and temporally, neither distilled nor a
standard hard water is believed to be more predictive than tap water of
the results which would be obtained under natural conditions. Moreover,
the organic or inorganic content of tap water could affect the elution of
the test organism from the fingers.

It can be argued that the chlorine residual in tap water could play
a role in the inactivation of pathogens on contaminated hands. We do not
believe this to have been an important factor in this study as the chlorine
residue in our tap water was low (0.05-0.2 ppm). Previous work in our
laboratory has shown that rotaviruses are relatively resistant to chlorine
in tap water (Raphael et al., 1987). Furthermore, the feces used for
suspending the test organisms may have interfered with the action of
such small amounts of chlorine by neutralization of the chlorine or
protection of the test organisms, or both. However, inactivation by tap
water could occur for _sbme other viruses (Cliver and Kostenbader, 1984:
Raphael et al., 1987) and bacteria. Therefore, we suggest that dechlorina-
ted tap water could be a suitable rinse water for routine in vivo testing of

antiseptics, but this needs further investigation.
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The selection of a human rotavirus for this part of the study was
based on several reasons. These viruses are not only among the major
causes of acute gastroenteritis, but they are frequently implicated in
outbreaks of the disease, even where chemical disinfection and anti-
sepsis are regularly used for infection control (Pacini et al., 1987). They
are also among the very few human pathogenic viruses whose minimal
infective dose, based on human volunteer studies (Ward et al., 1986), has
been shown to be one cell culture infective unit. They are capa_ble of
surviving on human hands for several hours and on non-porous:
inanimate surfaces for several days (Sattar et al.,, 1986). Infectious
rotaviruses can be transferred readily between hands and inanimate
objects, and both viable viruses (Keswick et al., 1983a) and their
antigens (Samadi et al., 1983) have been demonstrated on the hands of
care-givers. Considerable evidence is already available on the relative
resistance of rotaviruses to chemical disinfectants (Lloyd-Evans et al.,
1986; Springthorpe et al., 1986).

E. coli was chosen as representative of Gram-negative bacteria and
some previous studies on antisepsis have used strains of this organism
as a model (Ayliffe et al., 1988; Rotter, 1988).

The selection of S. aureus was based on the fact that it is the single
most common agent invovled in nosocomial infection and also regarded
as the representative Gram-positive organism for testing of antiseptics
and hard surface disinfectants (Ayliffe et al., 1988; Onesko and Weinke,
1987).
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In this study, we used more than 100,000 CFU of S. aureus to
contaminate the hand which is a realistic amount. Ayliffe et al, (1978)
reported the recovery of 106 to 107 S. aureus and Gram-negative bacilli
from the hands of nurses and Casewell et al. (1988) report contamination
levels of 103 per finger from nurses in an intensive care unit.

The S. aureus used here was a methicillin- and trimethoprim-sen-
sitive strain because of the possible hazards associated in handling
methicillin-resistant S. aureus (MRSA). But, can the strain used be
considered representative of S. aureus commonly involved in nosocomial
outbreaks? Studies published in the past five years indicate that MRSA
may be more resistant to certain types of antiseptics (Russell et al.,
1986). Townsend et al. (1984) and Tennent et al. (1985) have also
reported that the most common gentamicin-resistant plasmid of S.
aureus.codes for resistance to propamidine, quaternary ammonium
compounds and ethidium bromide as well and suggested that the
emergence of antibiotic-resistant strains was perhaps due to the
extensive use of cationic disinfectants in the hospital environment.

Brumfitt et al. (1985) reported that MRSA strains were approxi-
mately four times as resistant to chlorhexidine, nine times as resistant to
- propamidine and three times as resistant to cetrimide as methicillin-
sensitive strains. Topical treatment with chlorhexidine (body wash plus
nasal cream) was unsuccessful in eliminating MRSA from persistent
carriers. This aspect needs further investigation. B

The sensitivity of the two test bacteria to most of the agents tested

was more or less the same, except for tap water. Initially, when tap water
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washing efficiency was tested on three volunteers hands, the overall per-
cent reduction of S. aureus was significanlty higher (p = 0.0001) com- |
pared to that for E. coli. Further work is needed to elucidate the reasons
for these observed differences.

Alcohols, and formulations containing 70% alcohol, v&ere the most
effective in reducing rotaviral and bacterial contamination of hands. This
is in agreement with findings of other investigators (Ayliffe et al., 1988;
Rotter, 1988), and in Germany 60% isopropanol is used as an index for
comparing the in vivo bactericidal efficacy of antiseptics (Rotter, 1988).
Much of the loss in the infectivity of the virus and the bacterium on the
skin surface, due to these antiseptics, may be the result of in situ inacti-
vation. In the case of the other agents tested, it may have been predomi-
nantly due to wash-off, as discussed below. Furthermore, addition of
emollients to alcohols or alcoholic solutions of chlorhexidine salts makes
them less astringent and more widely acceptable (Larson, 1988).
Although both Hibisol and Savlon contain 70% alcohol, at the recom-
mended use dilution, Hibisol contains a higher concentration of
chlorhexidine gluconate. In spite of this, Savlon performed better under
the test conditions used. This may have been due to the presence of
cetrimide as an additional active ingredient.

Dettol was chosen as a product containing p-chloro-m-xylenol
(PCMX). The concentration of PCMX in the undiluted product tested was
higher than is usually found in PCMX-based handwashing agents
(Larson, 1988). Like Dettol, Proviodine is an antiseptic not routinely used

for hygienic hand disinfection. However, it was selected because previoﬁs
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studies of rotavirus disinfection (Springthorpe et al., 1986} showed it to
be the most effective of the iodine-based formulations tested. Even
though these products were found to be more effective than soap and
aqueous chlorhexidine salts, the level of rotavirus removal by the more
dilute solutions of PCMX or iodine-based products, formulated for
hygienic handwashing, may not be as high.

Aqueous solutions of chlorhexidine gluconate (Savlon and Cida-
Stat) are commonly used for handwashing; the results of this study
clearly demonstrate that they may not be reliable antiseptics for
pathogens such as rotaviruses. In fact, the virus removal by tap water
alone was comparable to that achieved by Savlon in water. This suggests
that the reduction in titre by this product may be due primarily to wash-
off. Similar results for the action of aqueous chlorhexidine salts have
been obtained in in vitro studies of rotavirus disinfection ( Lloyd-Evans et
al., 1986; Springthorpe et al., 1986).

Besides alcohols, the chlorhexidine formulations were significantly
better than soap in removing S. aureus and E. coli. This result confirms
other studies on the efficacy of this agent against S. aureus ( Ayliffe et al.,
1978; Ojajarvi, 1976; 1980; Lilly and Lowbury, 1978). However. removal
of E. coli by soap in our protocol was not as effective as reported by
others (Ayliffe et al., 1978; Ojajarvi, 1980; Nicoletti et al., 1990). This
discrepency in results may be due to diffefences in the test protocols.
Chlorhexidine preparations were found to be superior to soap and water

in reducing Klebsiella aerogenes from contaminated hands (Casewell et

al.. 1988).
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The routine use of plain soap and water is considered by many to
be quite adequate for the decontamination of hands in infection control.
This is not borne out by the results repoirted here. Washing
contarninated hands with almost any agent is clearly desirable, but it
should be noted that use of a less effective product could actually lead to
the spread of localized contamination over the entire surface of both
hands (Schurmann and Eggers, 1985). Qur finding that washing the
rotavirus-contaminated left hand with liquid soap spread the virus onto
the right hand during washing (Table 20), suggests that washing of
rotavirus-contaminated hands with soap may be useless and gives a
false sense of protection.

Regular and proper washing of hands by health-care personnel
may be inadequate if ineffective products are relied upon. Therefore,
selection of an antiseptic with demonstrated broad-spectrum efficacy is
considered essential in conjunction with efforts to increase compliance
with good handwashing practice. Proper testing of handwashing agents,
against both viruses and bacteria, by an in vivo protocol is clearly
desirable, and the fingerpad protocol presented here may be a suitable
model for such standard tests.

6. Drying of washed hands

As has been mentioned earlier, there is a serious lack of published
information on the in vivo efficacy of commonly used hand-washing
agents. Even less is known about the role and relative efficiency of

various methods of hand drying in the elimination of contamination. The
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few reports that have been published relate exclusively to bacteria ( Davis
et al.,1969, Matthews and Newsom, 1987; Walker, 1953).

Blackmore (1987) reviewed the merits and weaknesses of drying
washed hands with paper towels, cloth towels and electric air dryers and
concluded that electric hand dryers could not be recommended for use in
clinical areas because such dryers were relatively slow and noisy and
their hygienic efficiency questionable. However, the results of this study
clearly show that electric air blow dryers are superior to the other two
drying methods for the elimination of bacteria as well as viruses after
hygienic hand-washing, Walker (1953) also found electric air drying of
hands to be better, and more cost-effective, than use of sterile cloth
towels following preoperative scrubbing.

The main focus of this part of the study was to compare the effi-
cacy of the three methods of hand drying in eliminating bacterial and
viral contamination after hygienic hand-washing.

The use of 70% isopropanol could reduce the transient microflora
to undetectable levels. In such cases, any one of the three methods of
hand drying could be used. In contrast to this, the extent of reduction of
residual contamination on washed hands during drying is more critical
when less effective hand-washing agents are used. This is exemplified by
the data on the unmedicated liquid soap (Fig. 14).

In these experiments, washed finger-pads were dried for 10
seconds. In the field, however, proper drying of both hands requires 20 to
30 seconds because of the much greater surface area. In the field, hands

are normally rubbed against each other during warm air drying and
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friction is often applied when they are dried with paper or cloth towel. We
did ne* incorporate any friction in the hand drying step of our protocol
because of the difficulties in standardizing and accurately representing
field conditions. Whether friction contributes to a further reduction in
the level of contamination during drying remains to be determined.

The exact reason(s) for the higher efficiency of the warm air dryer
in reducing the bacterial and viral contamination are not understood at
this stage. The blowing of warm air may lead to an accelerated
dehydration of the skin surface, thereby irreversibly affecting the viability
of the organisms tested. Furthermore, warm air may penetrate all the
crevices inherent to the skin whereas absorbent towels may not reach
such areas even though the skin appears dry.

'No-touch' dryers are desirable over the ones that require. the
pushing of a button or bar to initiate the drying cycle. This is particularly
important in health-care institutions and food establishments where
contact with such surfaces can recontaminate properly washed hands.
Different brands of paper or cloth towels may have very different
absorption characteristics, which could influence their capacity to
remove contamlnaﬂng microorganisms from washed hands. Such
inherent differences in the paper and cloth towels used by us and other
investigators (Davis et al., 1969; Blackmore, 1987) may account for the
variations in the results obtained. |

Surrounding air is recirculated by electric air dryers and it has
been suggested that this may result in the dispersion of infective aerosols

already present in the atmosphere, as well as those generated by hands
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being rubbed together for drying (Walker, 1953). Matthews and Newsom
(1987) compared bacterial aerosol generation during hand drying by
paper towels and electric air dryers and concluded that electric air-drying
was safe from a bacteriological point of view. Since viruses and bacteria
behave very differently in the airborne state (Sattar and ljaz, 1987),
further studies may be necessary to determine if the use of electric air
dryers increases the generation and dispersal of infectious viral aerosols.

The increasing popularity of alcohol-based waterless hand washing
agents (Larson et al., 1986) or alcohols containing emollients (Nystrom,
1987) may simplify the handwashing process, and avoid the need to dry
"washed" hands. However, handwashing agents requiring a water rinse
and drying will continue to be used widely. The results reported here
suggest that the method used for drying of washed hands may also play
an important role in the overall reduction of transient microflora and
should be considered in conjunction with both compliance with

handwashing and the choice of the washing agent.
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CONCLUDING REMARKS
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This study was aimed at elucidating the role of hands in the spread
of infectious diseases and was able to achieve its initial objectives. The
protocols developed during this investigations were successfully applied
to determine how well selected human pathogenic viruses and bacteria
could survive on the hands of human volunteers and to compare the
efficacy of hand-washing and hand-drying agents in the elimination of
representative viruses and bacteria from experimentally-contaminated
hands. The major conclusions from this study are as follows:

1) The ability of HRV and RV-14 to survive on human hands was
similar and both of these viruses remained viable for at least three hours.
In contrast to this, the infectivity of HPIV-3 became virtually
undetectable within a few minutes of its deposition on the hands. This
suggests that rotaviruses and rhinoviruses have a greater potential than
parainfluenzaviruses for spread by means of contaminated hands.

2) The capacity of S. aureus to survive on human hands was
similar to that of HRV and RV-14, whereas E. coli behaved much like
HPIV-3 in this regard.

" 8) The extent of survival of a given virus or bacterium on hands did
not differ noticeably from volunteer to volunteer. Even though the
number of volunteers included in this study was small, the results
indicate that individual differences in the physiology, biochemistry and
topography of the skin do not have any apparent influence on the infecti-
vity of the microorganisms tested. .

4) RV-14 survived on stainless steel disks as well as it did on
human hands. HPIV-3 survived somewhat better on the disks when

compared to its survival on hands.
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5) Contact between contaminated and clean fingers could result in
the transfer of infectious HRV or RV-14: transfer of these viruses could
also occur between fingers and metal disks. This suggests that hands
and environmental surfaces may play a complementary or synergistic
role in the spread of rota- and rhinoviruses.

6) The results of tests on hygienic hand-wash agents against HRV
and E. coli using the fingerpad protocol developed in this study were
predictive of those obtained using the conventional whole-hand method.

7) Several commonly used hygienic hand-wash agents were found
to be relatively ineffective in the elimination of HRV from experimentally-
contaminated fingerpads. Some of these agents proved to be much more
effective against E. coli and S. aureus. This clearly points to the need for
in vivo testing of hygienic hand-wash agents using representative viruses.

8) Washing hands with ordinary liquid soap and water was found
to spread infectious HRV, placed on one hand, over a wider area of both
hands. Therefore, the use of ineffective hand-wash agents, especially in
health-care settings and daycare centres, may increase the risk of
spreading pathogens, such as rotaviruses, through hands.

9) Drying of washed fingerpads by paper towel always resulted in a
further reduction in the residual viral and bacterial contamination. This
attested to the importance of the drying step in hygienic hand- washing.
Further work in this regard showed electric warm air-drying to be
superior to paper and cloth towels in the reduction of the residual
contamination.

The findings summarized above raise many new questions and
suggest several possible directions for future research. At the same time,

the protocols developed and applied in this study show considerable
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promise for use in many areas of basic and applied research as well as in
the routine testing of hygienic hand-wash agents against viruses and
bacteria.

Is the poor survival of HPIV-3 on human hands typical of enve-
loped viruses? Similarly, can the behavior of E. coli be considered
representative of Gram-negative bacteria? Further testing with repre-
sentative bacteria and viruses, which are safe for inoculation of the
human skin, will be necessary to answer these questions.

The strain of S. aureus selected for this study was not antibiotic-
resistant in view of its safety for the volunteers. Will the sensitivity of
known antibiotic-resistant strains of this bacterium be the same to
hygienic hand-wash agents as that seen with the strain used here? Do
antibiotic-resistant strains of S. aureus survive better on human skin?

The survival of viruses on nonporous inanimate surfaces is influ-
enced by RH and air temperature. Do these factors affect virus survival
on human skin as well? Investigations of this nature would be very
helpful in clarifying the reasons for the seasonality of outbreaks of viral
infections.

What is the basis for the loss of viral and bacterial infectivity on
human skin? Is the loss reversible? The dangers associated with the
placement of radio-labelled microorganisms on human skin make such
investigations difficult to conduct.

Hands are recognized as an important vehicle in the spread of
hepatitis A virus. It would, therefore, be very useful to apply the
protocols developed here to study the survival of this virus.on human

hands and assess the efficacy of hand-washing agents against it.
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APPENDIX Il

When testing the equality of several means, the usual ANOVA test tells if the
means are significantly different from each other but does not say which means differ
from which other means. Muliiple comparison methods provide ‘more detailed
information about the differences among the means. A variety of multiple comparison
methods are available with Statistical Analysis System (SAS), General Linear Model
(GLM) or Analysis of Variance (ANOVA) procedures.

Tukey (1952; 1953) proposed a test, designed specifically for peairwise
comparisons based on studentized range when sample sizes are equal. Tukey (i953) and
Kramer (1956) independently proposed modifications for unequal sample sizes. The
Tukey option in procedure GLM or ANOVA provides the required test statistics. Two

means are considered significantly different by the Tukey-Kramer criterion if

[Y-i-Y-j] >/ q(ask,v) s{(Uni + Yn)@)1/2...iras D

where q(a;K,v) is the a level critical value of a studentized range distribution of k
independently distributed normal random variables with v degrees of freedom. For equal
sample sizes, Tukey's method rejects the null hypothesis of equal population means if

[Y i-Y75] 57 QQaIKY) S/ crcincnnnenccisnssniinnns ($1))

s in both the expressions (I & II) is the mean square error and obtained from the

iull Analysis of Variance table. As an example Table 2 of the result section is given

below as generated by the GLM Procedure:
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General Linear Models Procedure
Tukey's Studentized Range (HSD) Test for variable: recovery
Alpha=0.05 df=44 MSE= 20.63492
Critical value of Studentized Range= 3.776

Minimum significant difference=4.4287

Tukey Grouping Mean N Eluent
A 58.935 15 20% TPB
B 49.135 15 " EBSS
B 47.505 15 50% TPB
C 42911 15 - IXTPB

Means with the same letter are not significantly different.
For alpha= .05, k= 4 and v= 44, the Minimum Significant Difference (MSD) is obtained
as follows:
q(a;K,v)= 3.776 (from Table in Tukey)
MSE= 52 = 20.63492 (from Analysis of Variance tzhle)
n=15
MSD= (3.776 sq. root of 20.63492)/ sq. root of 15 = 4.4287

If the absolute difference between any pairs of means is greater than or equal to
4.4287 then those two means are significantly different from each other at alpha= .05
level of significance.

In the above Table we can see that 20% TPB is significantly different from the
other three means (as marked by different letters); no difference be;wéeh EBSS and 50%
TPB (same letter), but these iwo are different from 1x TPB (marked by C). The Tukey
optibn clearly provides all the above information and no additional computations are

necessary.





