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the Nigg virus of mouse pneumonia. Minor
antigenic differences between these 3 elemen-
tary body viruses may, however, exist.
Discussion. It seems apparent that another
potential host, the cat, must be added to the
wide variety of species from which viruses of
the psittacosis-lymphogranuloma group have
been recovered. Certain members of this
group of elementary-body viruses have been
tentatively separated from each other on the
basis of minor antigenic differences,® differ-
ences in host range,® or differences in the route
of inoculation by which they are pathogenic.?
In mice the Baker virus is limited in its
pathogenicity to the respiratory tract and in

8 Eaton, M. D., Beck, M. D., and Pearson, H. £,
J. Exp. Med., 1941, 78, 641.

9 Pinkerton, H., and Moragues, V., J. Exp. Med.,
1942, 75, 575.
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this respect it differs from the viruses of parrot
or pigeon psittacosis, meningopneumonitis,
and lymphogranuloma venereum, but resem-
bles the Nigg virus of mouse pneumonia. The
similarity between these two viruses is of
considerable interest in view of the possibility
that the disease in cats may have originated
as the result of feeding upon infected mice.
The recent observation by Karr!® that normal
mice could become infected following the
ingestion of infected mouse tissue, may support
this view.

Conclusion. The virus of cat pneumonia
described by Baker is antigenically related to
psittacosis virus and to the Nigg virus of
mouse pneumonia. It should, therefore, be
included in the psittacosis-lymphogranuloma

group.

10 Karr, H. V., J. Inf. Dis., 1943, 72, 108.
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Formation of Invisible, Non-perceptible Films on Hands by Cationic
Soaps.*
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Many of the synthetic detergents of the
cationic type are excellent germicides.! They
also clean skin very effectively when employed
in aqueous solutions at about one per cent
concentration. While studying the effective-
ness of the detergents in this concentration
range for rapid degermation! of hands, we
encountered several unexpected phenomena

* The work described in this paper was done
under a contract, rccommended by the Committee
on Medical Research, between the Office of Scien-
tific Research and Development and the University
of Chicago.

t On leave from University of Chicago for active
duty in U. S. Public Health Service, Washington,
D.C.

1 Baker, Z., Harrison, R. W., and Miller, B. F.,
J. Exp. Med., 1941, 74, 611,

} ¢‘Degermation’’ includes both the killing and
the mechanical removal of bacterial flora.

which are described in this report.

The extent of degermation was evaluated
by a modification of the technic devised by
Price.> Each hand is brushed systematically
for 15 seconds over the nails, 15 seconds over
the back of the hand, and similarly over the
palmar surface. During this procedure the
brush and hands are dipped frequently into
2 liters of water in a basin. Soap is added to
the collecting basin to neutralize the cationic
detergent and prevent bacteriostasis. One cc
of this solution is poured with beef-infusion
dextrose agar medium into a petri dish. The
number of bacterial colonies on the plates is
counted after incubation for 2 days, and the
number of organisms removed from the hands
is calculated. By this technic usually 1 to 10
million organisms are removed from both

2 Price, P. B., J. Infect. Dis., 1938, 68, 301.
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hands during the 90 seconds scrub-up. With
either soap or water, about the same number
of organisms are brushed off the hands.
When the hands were scrubbed or dipped for
one to 3 minutes in a one per cent solution of
typical cationic detergent-germicides such as
Zephiran or Phemerol,$ it was observed that
the hands appeared to have been sterilized
completely. However, when ordinary soap
was then added to the hands many organ-
isms were obtained (the soap employed was
invariably sterile). The results of a typical
experiment are shown in Table I.

TABLE 1.
Apparent Sterilization of Skin by Zephiran.

4,300,000

Initial count
Hands then brushed for 3 minutes in
one percent aqueous Zephiran
Count obtained by 1%%-minute brush-up
in water. 0
Count obtained by 1%4-minute brush-up
with soap

2,100,000

On the basis of these results and other evi-
dence, described later, it has seemed to us
that the cationic detergents deposit an invisi-
ble, non-perceptible film on the hands which
retains bacteria under it. When the film is
broken by chemical means, e.g., by the addi-
tion of a negatively-charged detergent such
as soap, then the organisms are released.li

The durability of the film under favorable
circumstances is quite unusual. For example,
it has been found that subjects may use their

§ Most of our experiments have been performed
with Phemerol and Zephiran, but we have per-
formed experiments with the following ecationie
detergents, which give essentially the same results:
Squibb MC-474, Squibb MC-489, Squibb MC-507,
Emulsol 605, Emulsol 607, cetyl pyridinium chlo-
ride, Damol, and Catol.

|l These results on ‘‘apparent sterilization’’ show
the need of using a specific neutralizing agent
such as soap in all bactericidal studies with the
cationic detergents. This precaution was stressed
by Neufeld, Schiemann, and Sehutz (Z. f. Hyg. u.
Infektionskr., 1940, 128, 147). These authors
also recognized that Zephiran was strongly ad-
sorbed on human skin, and could kill pneumococei
placed on a Zephiran-treated hand. However,
they appear to have overlooked the protective
nature of the adsorbed Zephiran film against
release of the underlying miero-organisms.
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hands for as long as 3 hours after the initial
application of the detergent without disrupt-
ing the film. A typical experiment is shown
in Table II.

TABLE II.
Durability of Film.

Initial count
Hands brushed for 3 minutes in 1:100
aqueous Zephiran. Subject then went
about his business for 214 hours, work-
ing with hands and fingers as usual.

Count at 215 hours (brush-up in water

4,270,000

for 1% minutes) 0
Count repeated immediately as above...... 0
) i) ) »o» 10,000
’ T ) (I L 80,000

Final count (brush-up in soap for 114
minutes immediately after above)........ 2,200,000

Another unusual property of the film is the
bactericidal power of the outer surface as
contrasted to the inner surface. It was ob-
served that many of the individuals who had
been studied in experiments such as the one
reported in Table II, did not contaminate
their hands at their work during the several
hours of the experimental period. Experi-
ments designed to test the suspected bacteri-
cidal property of the outer surface have re-
vealed a rapid, effective germicidal action
when bacteria are placed on hands which have
been covered previously with the detergent
film. A typical experiment with Staphylo-
coccus albus is shown in Table ITI.

TABLE III.
Bactericidal Properties of Outside of Film.

Count after scrubbing hands for 3 min-

utes with 70% aleohol (by weight)......
Left hand dipped in 1:100 aqueous
Zephiran for 114 minutes, rinsed, and
dried.
To each hand equal amounts of a sus-
pension of Staphylococcus albus were
added, and allowed to dry for 10 min-
utes.

Count on right hand (control)................. 6,520,000

Count on left hand (treated)...........cceo.. 20,000

20,000

Similar results have been obtained with
other microdrganisms, e.g., Proteus vulgaris,
Streptococcus viridans, N. catarrhalis

It is known that the usual preoperative sur-
gical brush-up, e.g., 10 minutes with soap,
followed by a brief dip in alcohol, falls far
short of completely degerming the hands. We
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have obtained the same results, but have
found that an additional dip for a few minutes
in one percent Phemerol or Zephiran protects
the hands under surgical gloves during opera-
tions lasting several hours. That is, a 90-
second scrub in water at the end of the opera-
tion fails to release organisms from the hand
previously protected by the detergent film,
whereas numerous organisms are removed
from the control untreated hand. It has been
found, also, that there is no significant multi-
plication of organisms under the detergent film
during the course of prolonged surgical opera-
tions,

The film resists ordinary mechanical
trauma, as well as brief dips in water or blood,
and also exposure to animal tissues, but it is
disintegrated by continuous exposure to
running tap water for 15 to 30 seconds. Con-
tinuous dips in water or physiological saline
also disintegrate it. ‘Chemical substances like
soap and strong alcohol break the film.

Further evidence for the presence of a film
of cationic detergent on the skin may be ob-
tained by dipping one hand in a one per cent
solution of the detergent, and the other hand
in water, and drying both. If both hands are
then dipped in a saturated solution of an
anionic dyestuff such as Guinea Green B or
Rosindulin 2B for a few seconds and then
rinsed in water, it will be found that only
the hand which had been dipped in the deter-
gent will be stained by the dyestuff. The
influence of wetting action pcr se has been
eliminated; it was found that thoroughly
cleansed hands which can be wetted by the
dyes are not stained by them unless a cationic
detergent has been applied previously.

We have done some experiments on indi-
viduals performing abdominal operations on
animals. The operators worked without
gloves, and had one hand covered with the
detergent film, whereas the other served as
the untreated control. In almost every
instance, despite the fact that the operators’
hands became quite bloody in the course of
several hours manipulation, there was a strik-
ing reduction in the number of organisms
obtained from the treated hand upon a 90-
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second brush-up in water as compared with
the control hand. However, it should be men-
tioned that in those instances when the opera-
tors were forced to dip their hands frequently
in saline solutions, or to use many wet sponges,
the detergent film showed signs of consider-
able disintegration.

Most of the cationic detergent germicides
have been applied heretofore to human skin in
concentrations of 0.1 per cent. We have not
observed any signs of local or systemic effects
from the use of one per cent solutions of
Phemerol or Zephiran in single experiments on
over 100 individuals. We have also studied
the effects of one per cent Phemerol solution
when applied frequently to the hands and
have found that it can be tolerated without
local or systemic toxicity when applied as a
brush-up or rinse for 5 to 15 minutes each
day over a period of six weeks.1

There are hundreds of cationic detergents
which have been synthesized, and many of
these are available commercially. One of
the reasons we wish to present this paper is to
encourage others to search for suitable deter-
gents of low toxicity, and also for a detergent
which will deposit a film with greater re-
sistance to solution in water.

It is believed that these results point the
way for improved methods of hand hygiene,
e.g., for surgeons, medical personnel dealing
with contagious cases, food-handlers, etc. In
instances when surgical gloves are not avail-
able, it might be feasible to perform a reason-
ably sterile operation by protecting the hands
with frequent dips in a solution of one percent
cationic soap.

Summary. Certain cationic soaps deposit
an invisible, non-perceptible film on the
hands. This film retains bacteria underneath
it, and is very resistant to mechanical trauma.
The inner surface of the film has a low bac-
tericidal power, whereas the outer surface
exerts a strong germicidal action.

Y Ten medical students participated in this
study. Nine of them tolerated the use of the solu-
tion perfectly well; one developed a small area of
hyperkeratosis which may have been partiy due
to mechanical trauma.





