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and titres appear to be as well maintained as with the measles
vaccines. But it is clear that vaccine strains can be over-
attenuated to the extent that some persons may fail to develop
antibody. The third factor requiring further study is
pharyngeal excretion of virus, for in accordance with the
vaccine used 50-70% may excrete virus in the throat. Does
this matter ? Clearly there is a potential risk of infecting
a pregnant woman, but so far in practice there has been no
evidence of transmission of virus with any of the vaccines
tested. A possible reason for this is that the amount of virus
excreted after vaccination is about 100 times less than during
natural infections. Meanwhile clinical trials are in progress
in many countries, including Great Britain, and the sum total
of their experience should help us to decide on the most suit-
able form of prophylaxis against rubella as well as the
optimum age at which to carry it out.

Bacteria in the Hospital
Environment

The dust and dirt which inevitably pollute hospitals contain
large numbers of airborne micro-organisms. Most are harm-
less, but there is a smaller population of pathogenic bacteria
whose presence is undesirable because of the part they may
play in causing cross-infection.

Pathogens whose presence in dust has been reported
include Mycobacterium tuberculosis,1 2 Salmonella typhi-
murium,3 and Staphylococcus pyogenes.4 5 It is not clear
whether the presence of Myco. tuberculosis in dust constitutes
an infection hazard once the disperser of the germ has been
removed.6 Gram-negative germs are not so resistant to
drying as Gram-positive, and the experience of J. G. Bate
and U. James' was unusual. They isolated viable strains of
Salmonella typhimurium from the dust-bag of a suction floor
polisher -en months after the outbreak of gastroenteritis
which the germ had caused.
The predominant micro-organisms of dust are Gram-

positive. Streptococcus pyogenes can be isolated from dust,
but the ability of dried streptococci to cause infection is
doubtful. On the other hand, Staphylococcus pyogenes is
carried in the anterior nares of 30 to 50% of healthy adults,8
and is also normally resident on the skin of some healthy
people.9 Staphylococci are not commonly shed to any great
degree from the nose alone, and it is likely that they are
usually disseminated into the environment by initial con-
tamination of the skin, from which germ-bearing scales are
desquamated and dispersed into the air by bodily movement
or by the friction of clothing.'0 Patients with disorders of

the skin, which need not necessarily be infected with staphylo-
cocci,'1 and those with pyogenic infections," are profuse
dispersers of the germ.
The primacy of Staphylococcus pyogenes as a cause of wound

infection and cross-infection in hospitals needs no emphasis,
and the presence in the inanimate environment of contaminated
reservoirs of dirt and dust is as unwholesome in civilized
amenity as it is unsound in good hygienic practice. G. A. J.
Ayliffe and his colleagues,'2 as a result of their studies of the
role of the inanimate environment in the genesis of hospital
infection, concluded that airborne contamination was respon-
sible for less than half of the bacteria deposited on the floor,
and that the other sources of contamination were probably
shoes, trolley wheels, and possibly dust blown from other areas
of the floor. They found that total bacterial counts on ward
floors and surfaces increased for about 24 hours or more, but
eventually the number of micro-organisms, which were
mostly aerobic spore-bearing bacilli, remained more or less
constant. The numbers of staphylococci were much lower
and appeared to reach some kind of fluctuating equilibrium
between organisms deposited and those which were removed
or which died. Though Staphylococcus pyogenes can survive
for long periods in dust" Ayliffe and his coworkers con-
firmed the observation of P. Skaliy and G. W. Sciple' that it
soon disappears from exposed surfaces in a ward.

It might be thought that the cleansing and disinfection of
surfaces would eliminate a large part of the pathogenic
population of the inanimate environment. In an earlier
investigation G. A. J. Ayliffe, B. J. Collins, and E. J. L.
Lowbury"I found that cleaning with an effective disinfectant
killed or removed 99% of bacteria from the floor of a surgical
ward, while about 80% of the germs were removed by wash-
ing with soap and water. There is also an enthusiastic
report from the United States" of the good effect of thorough
mechanical cleaning in reducing the bacterial population of
floors, and an assertion that the use of a detergent for this
purpose combined with a disinfectant produced a residual
antibacterial effect which lasted for eight hours. On the
other hand, C. W. Walter and R. B. Kundsin' found that
mopping a floor with soap and water simply ensured that
the resident microflora were distributed evenly over the whole
floor, a conclusion supported by the latest results obtained
by Ayliffe and his colleagues.'2 These workers suggested
that the main function of environmental disinfection is to
remove droplet contamination together with sputum, pus, and
excreta, which protect micro-organisms,4 and to prevent an
accumulation of germs in the washing-water and on the
devices used for washing down floors and other surfaces.
The finding that environmental disinfection is effective

only for short periods of time at best will not surprise many
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the cleanness and pleasantness of the hospital environment.
An effective disinfectant should be used in the washing water
to prevent too great a build-up of the microbial population
in the water or on the washing apparatus. Floors made of
linoleum or of plastic tiling should preferably be waxed,
since there is some evidence that dust is less easily dis-
seminated from waxed than from unwaxed surfaces."
Germicidal waxes are not effective against heavy contamina-
tion."7 Dry dusting or sweeping are inefficient methods of
cleaning and disseminate huge numbers of bacteria into the
air, so should be avoided. Dust is best removed by the use
of properly filtered vacuum suction dusters."8

Aviation Pathology
The importance of carrying out a full medical investigation
of aircraft accidents has been increasingly recognized since
the early 1950s. Then its value came to be realized in the
appraisal of safety equipment1 and in elucidating the cause
of a disaster. The doctors' contribution is greatest in fatal
accidents where no first-hand evidence is available, and such
an accident would now be considered incompletely investi-
gated without a full pathological study.
The principles of " aviation pathology" have developed

on similar lines on both sides of the Atlantic.' The over-
riding consideration is that the pathologist should be respon-
sible for a comprehensive investigation, strongly orientated
towards preventive medicine. In Great Britain aviation
pathologists approach the medical investigation with three
main objectives, which overlap to some extent. These are,
firstly, reconstruction of the sequence of the accident, with
special attention to the possibilities of survival; secondly,
appraisal of the use or abuse of safety equipment; and if
possible, thirdly, discovery of the cause of the accident. Full
pathological investigation also provides opportunities for more
academic study, notably of the pathology of deceleration and
of the reactions of " healthy " young men. Indeed, without
this basic knowledge the major practical objectives could
hardly be fulfilled. Within this general pattern the emphasis
must change according to the circumstances of a particular
accident. For example, a fatal accident to a military aircraft
introduces such problems as anoxia or decompression and the
use of complex escape equipment, which would not apply to
the private or club flyer. In the latter case the conditions
needing particular attention are those of a potentially unfit
man piloting a piston-engined aircraft.

Almost all the early experience in this special branch of
pathology was gained in military aviation. Much basic
knowledge was obtained, particularly in relation to cardio-
vascular pathology in a medically fit group, but the main
contribution was to the study of safety equipment. For
instance, deaths following ejection from high-performance
aircraft are now very rare, but in the early days about one
in five escape attempts ended fatally. The investigation of
them was based as much on a knowledge of the mechanics
involved as on medical experience, and the results of these
studies made a useful contribution to safe ejection.
Deaths in military aviation are becoming less common,

and the main task facing aviation pathologists now is the
investigation of civil aircraft accidents, in particular of major
air transport disasters. The sheer size of these presents

investigators with great problems of organization.6 But once
these have been overcome the possibilities for a useful medical
contribution to the subsequent inquiry are correspondingly
increased. This is particularly evident when studying the
causes of accidents or reconstructing the event. Identifica-
tion of the casualties, and correlation of their causes of death
with the seating arrangements, seat stability, and escape exits,
will often make it possible to build up a picture of the
accident from which useful lessons, both in interpretation and
application, can be learnt. Full benefit from the investiga-
tion can seldom be obtained, however, unless the necropsies
are extended to include histology and toxicology.
The pathologist's most challenging role is in the deter-

mination of the cause of an accident-particularly of a
major disaster. Physical, toxicological, "physiological,"
and even mechanical causes can be discovered. Acci-
dents due to physical causes-that is, to frank disease
in the pilot-are rare, and in the context of the severely
traumatic incident the findings may be difficult to inter-
pret. Only 13 instances of death from coronary disease
while at the controls of an aircraft were recorded in a recent
review, and in several of them the presence of a co-pilot
prevented a serious accident. Toxicological causes may be
accidental-for instance, carbon monoxide intoxication-or
associated with the taking of alcohol or other drugs. As to
the former, the pathologists were able to direct the attention
of the engineering investigators to the cockpit heating system
in a disaster which seemed at first to hold out no hope of
solution. In contrast with American experience, alcohol does
not seem commonly to be a cause of British aircraft accidents,
but instances have occurred among private flyers. Physio-
logical causes-for example, those due to anoxia or sub-
atmospheric decompression-are surprisingly difficult to
detect post mortem. Some of the findings in the recent
Comet disaster at Rhodes, however, were interpreted as being
anoxic in origin and played an important part in reconstruc-
tion of the accident. Probably the most dramatic mechanical
cause of aircraft accidents is sabotage. If it is to be discovered
a full necropsy examination of every casualty is needed.
Pathological evidence of this cause was obtained in the Rhodes
Comet accident. Equally important is the function of the
pathologist to exclude sabotage when it is suspected, and this
was possible in the death of Mr. Hammerskjbld. Occasionally,
the pathologist may be the only investigator with prima facie
evidence to offer. Evidence about the cause of the accident
can then be interpreted only in the light of previous experience
of disasters.

This implies the need for a central investigative unit. In
the United Kingdom the size of the country and the extent
of the problem allow such a system to operate. Teams from
the Royal Air Force Institute of Pathology and Tropical
Medicine at Halton, supported by a toxicological unit at the
Home Office Central Research Establishment at Aldermaston,
are available at all times for this duty. The R.A.F. patholo-
gists can operate only through the co-operation of the coroners
and their pathologists ; it is a tribute to all concerned that
this co-operation has never been refused.
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