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Tue ENVIRONMENT

The environment may be broadly defined as the
totality of inanimate objects with which people may
come in direct or indirect contact. Contamination of
the environment with bacteria, and more specifically
Staphylococcus aureus, has been found to occur in
virtually every area of the hospital. In general patient-
care areas, Staph. aureus has been recovered from
such items as clothes, mattresses, pillows, blankets,
laundry, curtains, walls, floors, bed frames, bassinets
and cleaning equipment. Common articles of per-
sonal hygiene, such as combs, toothbrushes and razors,
may also be heavily contaminated. An ordinary bar
of soap, without disinfectant additives such as hexa-
chlorophene, may permit a heavy growth of cocci
and other organisms, particularly if the soap re-
mains in a moist state.**! Walter et al.?®* recently
called attention to the common bedside carafe as
frequently being a heavily contaminated object and
pointed out several other cycles of contamination
within the hospital.*** Others have brought out the
fact that articles used in hospital-ward practice,
commonly regarded as sterile as a result of steam
sterilization, upon careful examination were found
to be contaminated.?®3

Contamination by Staph. aureus outside hospitals
is believed to be less widespread,®* although no com-
parative studies of a broad coverage of items in and
out of hospitals have been made. It is quite con-
ceivable that heavy contamination might occur in
the homes of infected persons who may be discharg-
ing staphylococci. Walter**? and Colbeck?™* have
found that in rooms occupied by patients who were
carriers or were suffering from staphylococcal disease,
the bath, toilet seat and bedside table sometimes
showed heavy contamination with the same phage
type of staphylococcus as that harbored by the patient.

Methods of sampling of fomites using semiquanti-
tative technics have been reviewed by Hall and
Decker.*** In addition, Foster**® has improvised a
semiquantitative surface-sampling procedure for floors
or other surfaces using slabs of agar reinforced with
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gauze. He was able to use this method to measure
contamination of the environment by individual pa-
tients, and to investigate crossinfection and the effect
of ward cleaning.

The determination of aerial contamination with
staphylococci was made possible by the various
methods of air sampling. Since the development by
Wells, in 1933, of the first air centrifuge for counting
the number of contaminated particles in air, many
different types of aerosol samplers have been pro-
duced.** A recent review?*® describes the various
types, as well as the various problems, of air samplers.
Blowers and Wallace®" stress the value of the simple
agar sedimentation plate, which provides informa-
tion on fall out not obtainable by the volumetric
type of sampler. They also review some of the
uses of air-sampling methods to evaluate aerial con-
tamination in operating rooms in relation to sepsis,
ascribing a great deal of postoperative sepsis to a
slit-sampler count of 20 to 50 particles per cubic foot
of operating-room air, with a ratio of 1:20 Staph.
aureus colonies to the general colony count, and the
sedimentation plate collecting about 10 particles per
square foot per minute, or about 0.5 particles of
Staph. aureus per square foot per minute. Less sepsis
arose postoperatively if the corresponding figures
were 1 or 2 particles per cubic foot of air, a ratio of
I Staph. aureus to 100 colonies, a sedimentation rate
of 0.5 particles, or 0.005 Staph. aureus per square foot
per minute. However, the authors could not commit
themselves on definite limits of safety for the air in
operating rooms.

Air-sampling studies in operating rooms have re-
vealed a consistent pattern of aerial contamina-
tion.**"*% Low counts were observed in an empty
room, rising to somewhat higher levels as the nurses
prepared the room before surgery. Air counts then
rose markedly as the patient and surgical staff en-
tered the room. During the operation itself, counts
fluctuated at moderate levels, often varying with the
amount of activity in the room. Another sharp rise
was frequently observed when the patient and sur-
geons left the room, followed by a quick return to
low levels. Later, during the “cleaning” of the room,
another sharp rise in aerial contamination was com-
monly noted.

Frequently, in spite of the many precautions taken
to ensure relative sterility in operating rooms, little
attention is devoted to the patient and the manner
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in which he 1s brought into the room. Too frequently
he is brought in without prior bath, without mask
or cap and covered by sheets and blankets that may
be highly contaminated. Excessive movement of per-
sonnel in operating rooms — such as random entry
and exit of nonessential personnel — and excessive
talking are likely to contribute air-borne contam-
inants, which may readily settle into the operative
wound. Blowers and Wallace®*®” demonstrated that
with reduced activity, exhaust ventilation and the
doors remaining closed, the bacterial count was de-
creased. It was reduced even further when positive-
pressure ventilation was used.

Dirty laundry has been shown®? to contaminate
the air in laundry chutes heavily. It has also been
demonstrated that such air frequently enters the gen-
eral hospital circulation when chute doors are opened,
resulting in significant contamination of hospital-
corridor air.

The epidemiologic significance of environmental
contamination has been difficult to establish. All
routes of transmission except that of direct contact
pass, of necessity, through the environment in one
way or another.*®* The first such route is by means
of droplets, which are propelled by coughs or sneezes
at high speed from person to person. The organisms
remain in their original body fluids, a fact that has
caused some workers to classify this droplet route as
“direct.” Another possible route is through droplet
nuclei, in which the organisms remain in the air
after evaporation of the body fluids. It is mainly
these suspended particles in air that are measured by
air-sampling devices.

There is little question that all three routes —
droplets, droplet nuclei and direct contact — can
serve to contaminate the fomites in the environment.
The crucial point is whether the staphylococci found
in the environment are less infective, or perhaps not
at all infective, as compared to those found in human
hosts.  ~

Colbeck*** reported on experiments in rabbits, in
an attempt to determine whether there was a loss
of pathogenicity of staphylococci dried on textiles.
Woolen treads, previously autoclaved, were dipped
in an overnight culture of a staphylococcus strain,
phage Type 81, known to cause abscesses in rabbits
when 100,000 or more organisms were injected sub-
cutaneously. These threads were then dried at room
temperature for one, two, six, seven and fourteen
days, viable counts made, and the dried threads
sutured into the backs of rabbits. In this fashion it
was found that, despite a moderate loss in viable
count of the organisms, abscesses were induced in all
rabbits tested up to fourteen days.

Maltman et al.**® also reported on the effects of
desiccation on Staph. aureus under conditions de-
signed to mimic natural air drying. Cells that survived
prolonged periods of drying were found to differ
from fresh cells in their greater susceptibility to en-
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vironmental changes, such as distilled water, saline
solution, broth and human serum. The longer lag
period of the dried cells and their slower rate of
coagulase production was also demonstrated. In vivo
studies®* also revealed a decreased virulence for mice
by intramuscular, intravenous and intracerebral
methods of testing. These workers concluded that the
infective potential of environmental staphylococci was
probably dependent to a large degree on the duration
of their residence in the environment.

In another series of experiments, Colbeck®* was
able to relate the pathogenicity of dried material to
the number of surviving staphylococci present. The
need for the presence of a minimum number of

staphylococci to induce the formation of lesions has

been noted in the experiments in volunteers con-
ducted by Elek and Conen.®* This might also help
to explain the observation that, although viable
staphylococci can be recovered from many operative
wounds at the time of closure,*** comparatively few
clinical infections actually occur. However, a multi-
tude of other factors related to the host, the surg'ical
technic, anesthesia, antibiotics and so forth may be
involved in the development of a wound infection,
granting contamination with staphylococci.

A closely related problem in assessing the true sig-
nificance of environmental contamination is that most
investigators measure the number of viable organisms
recovered rather than clinical disease caused thereby.
To measure clinical disease as an end point and
evaluate the effect of varying one factor in the en-
vironment in a controlled situation requires periods
of observation that are extremely long, to say nothing
of the difficulty of varying only one of the many
factors in the environment and among personnel.
Conditions within different hospitals or the same
hospital may be so variable that a factor of great
significance in one location may be relatively unim-
portant in another. Such considerations may help
explain the widely divergent differences in results
and interpretation reported in the literature.

Thus, for example, several conflicting reports on
the importance of aerial contamination in the oper-
ating room have appeared. Blowers et al.?** described
a reduction in wound sepsis from 11 per cent to
5 per cent of all operations in a thoracic surgical unit
by improving air ventilation in the operating room.
However, they admitted that this could not be con-
clusive evidence, since improved conditions and tech-
nics within the operating room and hospital were
simultaneously introduced. Shooter and his associ-
ates™ reduced the frequency of sepsis by reducing
the number of bacteria in the air, without making
any other apparent changes. Later, however, after
a long study of staphylococci in a surgical unit, it
was reported® that several waves of aerial contam-
ination of the ward with different strains of Staph.
aureus occurred but were not necessarily related to
the incidence of sepsis. Again, Kinmonth and his co-
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workers®*® stated that a reduction in aerial contam-
ination failed to decrease the rates of postoperative
sepsis and observed that reduction of the bacterial
content of the operating-room air, although desirable
as a general principle, is unlikely in itself to eliminate
infections.

Similarly, in the nursery for newborn infants, the
importance of aerial contamination in the spread of
infection has been controversial. Wysham® and other
workers*®® have considered the aerial mode of spread
to be important. Indeed, Eichenwald'®® found that
certain infants, typically those whose nasal mucosae
yielded viral agents, dispersed such vast numbers
of staphylococci into their environment that he termed
them “‘cloud babies.” Others,??%24¢ however, have held
that direct person-to-person transmission appeared to
be of greater importance than the aerial route. Gezon
et al.'™ found not only that aerial contamination in
a nursery for newborn infants was minimal but also
that the use of measures designed to increase asepsis
and decrease crowding of nursery space had no ap-
preciable effect on the incidence of either the staphy-
lococcal carrier state or infection in newborn infants.
Again, conflicting evidence exists regarding the value
of disinfection of bedding.?0%:247,248

Chemical disinfectants have long been a part of
routine hospital housekeeping; to achieve maximal
effectiveness, they must be used regularly, systemat-
ically and thoroughly.**? A great and confusing variety
of such agents are commercially available. These
chemical agents fall into four main groups: quater-
nary ammonium ion agents; phenolics; alcoholics;
and iodophors. Advantages and disadvantages of these
various groups have been reviewed by several au-
thorities.*50-283

Gaseous sterilization is one of the newer advances
in this field. Ethylene oxide?®**%® now offers an ef-
fective, safe and versatile agent for the sterilization
of objects that may be injured by steam sterilization,
such as blankets, mattresses, anesthetic and endo-
scopic equipment. In addition, beta-propiolactone is
being investigated as an agent for gaseous steriliza-
tion.*%7

The disposition of heavily contaminated material
such as dressings, wound drainage and sputum in
sealed containers is part of modern hospital house-
keeping. Similarly, heavily contaminated laundry and
instruments should be sterilized before re-entering
the normal laundry and central supply channels.
Floor-cleaning and dust-control devices must be used
with care. Opinions on the use of vacuum cleaners
are divided, although Allen®*® has presented evidence
of the effectiveness of at least one type of vacuum
cleaner.

In operating theaters the problem of environmental
control is magnified by the complexity of modern
surgery, the technical equipment necessary and the
number of people who are required to participate
in the operation, as well as the frequent visitors and
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observers. Troublesome contamination has been found
linked to many of the popular operating-room prac-
tices and technics. For example, anesthetic equipment
is often difficult to sterilize adequately. Sterile gowns
and drapes, after becoming sufficiently moist in use,
present little barrier to the passage of micro-organ-
isms.**® Standard cotton-gauze surgical masks have
been noted for their inefficiency as barriers to the
passage of micro-organisms, particularly when they
have become slightly moist, as occurs after ten to
twenty minutes of use.?®® Penikett and Gorrill*®
demonstrated that 16 per cent of standard surgical
rubber gloves used in a neurosurgical unit had been
punctured by the end of an operative procedure.
Casey et al.,*** as well as Adams and his associates,?®°
have shown that the shoes commonly worn in oper-
ating theaters are among the most highly contami-
nated objects to be found.

With such a multiplicity of possible routes of trans-
mission there have been understandably few attempts
to evaluate the significance of controlling any one
factor. In general, recent studies of the control of
postoperative wound infections have properly empha-
sized a multifactor approach to the control of
environmental contamination.?48:260:263 Factors that
have been particularly stressed by these investigators
include strict attention to aseptic technics, placing
the patient on the operating table outside the oper-
ating room proper, reduction of excessive talking
and movement in the operating room, forbidding the
frequent random entry and exit of nonessential per-
sonnel, proper gowning and masking of everyone
entering the operating room and frequent changing
of face masks. Adams et al.,*®® in particular, have
stressed the importance of proper attire in operating
theaters. A fitted filter sterilizable mask was developed
and said to have a 98 per cent efficiency for periods
up to five hours. In addition, Browne** developed a
mask that was effective in stopping infections associ-
ated with a nasal carrier.

Positive pressuring of operating-room air is now
a widely accepted technic of ensuring the delivery
of clean, nearly sterile air to operating rooms and
of reducing the possibility of air-borne contaminants
entering the room from outside corridors. Air-study
technics, as described above, have their greatest
practical usefulness in checking that such contami-
nated air is not gaining access to operating rooms
or to wards containing patients at special risk.*®
Walter**»*1# and Fredette®*® have pointed out that,
although modern air-conditioning and filtration sys-
tems permit the delivery of nearly sterile air to oper-
ating rooms, inadequate maintenance may result in
marked loss of efficiency. The value of ultraviolet
light in operating rooms, enthusiastically pioneered
in this country by Hart*® more than twenty years
ago, has not yet been confirmed by other workers.
A co-operative double-blind study under the sponsor-
ship of the National Research Council is currently
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in progress among 5 university-affiliated hospitals. It
is hoped to provide a critical evaluation of the effect
of ultraviolet light.

The American Academy of Pediatrics has laid
down careful standards for the control of environ-
mental contamination within nurseries.?*"2%8 Canadian
investigators®®® recently evaluated infant-nursing
technics in several hospitals and identified three fac-
tors that appeared to affect the incidence of staphy-
lococcal infections: whether the babies were trans-
ferred in and out of the nursery; whether they were
bathed; and whether the personnel washed their
hands before handling each infant. A somewhat
differently oriented evaluation of several hospital nurs-
eries in the United States?™ emphasized the variety
of practices followed by these hospitals and the need
for more basic knowledge on the utility of certain
commonly accepted practices.

Certain other control measures have been used in
hospitals to prevent staphylococcal nursery outbreaks.
A technic occasionally advocated and in use in certain
hospitals is continuous rooming-in. This practice does
away with the routine nursery altogether. In at least
1 reported outbreak'® compulsory rooming-in, which
broke the infant-to-infant cycle of transmission, was
the technic that was finally successful in halting an
epidemic, after other means had been only partially
successful.

Another technic recommended by the American
Academy of Pediatrics is the use of “rotation nurs-
eries.” This consists in the division of a single large
nursery into 3 or 4 smaller units, with independent
ventilating systems and wash basins. The nurseries
are then filled in rotation, each with infants born
within a maximum interval of forty-eight hours from
oldest to youngest. As one nursery is filled, it is
“closed,” and the next one “opened.” Each nursery is
then completely emptied and cleaned after use by
each group of infants.

The possible colonization of babies within twenty-
four to forty-eight hours, as demonstrated by several
investigators,**"#% raises doubts of the value of early
discharge of infants from the nursery. Indeed, in
the outbreak reported by Farrer et al.’® this technic
was only partially successful. Further references on
the environmental aspects of staphylococcal disease
can be found in a recent Public Health Service publi-
cation.* It can be concluded, however, that much
more study is necessary before one can fully assess
the relative importance of this route of transmission
and the most effective methods of control.

Tae CoMMUNITY

In a real sense, the community is the ultimate
target of the problem of hospital staphylococcal cross-
infection and must inevitably bear its total impact.
The most obvious impact on the community is
measured in terms of spread of staphylococei from
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the relatively restricted hospital environment into the
broad environment of home, school, job and social
circle. This occurs daily — as often as patients are
discharged and employees go home. One is forced
to assume a constant and dynamic state of bacterio-
logic interchange between hospital and community.
That this, in fact, occurs has been amply demon-
Strated.8.10—12.83,65.272-280

Schaffer®® followed a group of 20 families for
eighteen months after the newborn infant, suffering
from cutaneous staphylococcal lesions due to an epi-
demic phage type (80/81), was taken home from
the hospital. In 9 of the 20 families followed, 1 or
more members of the household still carried the
identical epidemic strain in the nasopharynx after
eighteen months. In virtually every family there was
a history of recurrent staphylococcal lesions in various
members. '

Wentworth et al.?®® studied 1287 families of infants
born during a nursery epidemic of three months’
duration. After a follow-up period of one to five
months they found that suppurative disease occurred
in 45.1 per cent of families of infants who had such
disease before or after hospital discharge. Only 9.5
per cent of families in which the infant did not
acquire lesions had suppurative illness.

In a more recent study Klein®*? demonstrated an
incidence of 12.6 per cent among family contacts
of infants in whom lesions had developed during an
epidemic. In contrast, only 1.3 per cent of family
contacts of infants who were not infected during that
period and 1.9 per cent of family contacts of infants
born in the postepidemic period gave a history of
staphylococcal infections. In addition, he showed that
suppurative disease in infants may persist for over
a year. Recently, Hurst and Grossman®™ reported on
a survey of 94 families into which infants were born
during an outbreak of impetigo due to 80/81 strains
sixteen months earlier. They found 28 per cent of
the infants, 13 per cent of the mothers, 2 per cent
of the fathers and 14 per cent of the siblings to be
carriers of the 80/81 or 52/52A/80/81 strains. Actual
infections were found to have occurred in 44 per
cent of the infants, 21 per cent of the mothers, 12
per cent of the fathers and 12 per cent of the sib-
lings. In all, it appeared that the nursery staphy-
lococcus had become disseminated among 65 per cent
of families in which infants were born during the
outbreak.

Such experiences are by no means limited to
families of newborn infants, but occur also among
families of medical and surgical patients who may
bring home a “hospital” staphylococcus. Once the
patients are outside the hospital, familial recurrence
and community spread are the rule. Such intra-
familial spread of staphylococci is well illustrated by
the results of a seven-year follow-up study of 17 in-
fected families by Roodyn.?™ In 11 of these 17 fam-
ilies, infection was spread from one person to another




———

[
Al

Vol. 265 No. 4

in the same household. In 2 of the families, strains
of staphylococci of similar phage types were noted
to remain with the respective families for over six
years. In 6 of the 17 families, although there were
frequent staphylococcal infections, no evidence of
crossinfection could be obtained.

Rountree??® reported that 35 to 40 per cent of soft-
tissue infections seen by doctors in office practice in
Australia were due to Type 80 strains of staphy-
lococci. A later report on staphylococcal infections in
general practice from the Australian National Health
and Medical Research Council*®*® also bears out the
prevalence of phage Type 80 strains, often with no
history of recent hospital contact. Direct or indirect
hospital contact favors the development of the carrier
state or lesions due to “epidemic,” usually penicillin-
resistant strains of staphylococci.**#2

It has been pointed out®*® that there are at least
two groups of people for whom contact with a “hos-
pital” staphylococcus may be particularly threaten-
ing. The first group consists of infants up to about
two years of age, who seem to be particularly suscep-
tible to staphylococcal pneumonia. Morris*** has de-
scribed this disease, which was formerly rare, as one
of the most common serious diseases of infancy.

The second group at increased risk comprises
those who become infected with one of the influenza
viruses. In a study in the Netherlands, Goslings et
al.?®s showed that the presence of staphylococcal skin
lesions among members of a family was a significant
factor in determining the incidence of staphylococcal
pneumonia after an outbreak of influenza. Families
with skin lesions had an unusually high incidence of
postinfluenzal staphylococcal pneumonia.

It is likely that carriers of hospital strains who

| disseminate organisms in the hospital disseminate at
\| home as well. Goslings*®® has shown that in the

Netherlands about 6 per cent of the families become
carriers of resistant strains of staphylococci when ex-
posed to newborn carriers of the same strains. It
seems reasonable to assume, therefore, that such dis-
seminators, although particularly dangerous in a hos-
pital environment, are also significant sources of con-
tamination in the home and in the community. This
may apply to patients as well as personnel.

Wise®®® has called attention to the necessity for
scrupulous household hygiene, personal cleanliness
and judicious use of antibiotics in eliminating staphy-
lococcal disease from families in which multiple in-
fections continually occur.

There are other ways in which the impact of
staphylococcal crossinfection is felt in the community,
socioeconomic in nature rather than bacteriologic.
These are far more difficult to assess and need only
be mentioned. Extended hospitalization and its at-
tendant expense, loss of work, disability and death
inevitably result in loss to the community.

Control of the community problem lies no longer
with a single hospital or group of hospitals but, as
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has been undertaken in several communities, in full
integration and utilization of hospital and community
health planning and facilities.

SumMmAry AND CONCLUSIONS

Recent developments in the laboratory and epi-
demiologic aspects of the problem of staphylococcal
crossinfection in hospitals are discussed. It would be
well at this time to refer again to Figure 1, observing
particularly where the several control measures di-
rected against the organism itself, the person with
a lesion, the carrier, air, contaminated objects in the
environment and the susceptible host in the hospital
all fit into the epidemiologic cycle of hospital cross-
infection. This will also demonstrate the difficulty in
assessing any one specific control measure since there
are so many possible pathways of spread.

It becomes apparent that trends in investigation of
the control of the problem are following two main
avenues of approach:

Epidemiologic control. This approach is one
that will gain momentum as more insight into the
complexities of the source, reservoir and spread
of staphylococcal infections is obtained. The limita-
tion of this method of control is primarily the
human factor, since so much depends on such
practical points as: the reporting of lesions among
hospital personnel and patients, the detection and
management of the disseminating human carrier,
the maintenance of all the environmental aspects
of good housekeeping and ventilation of hospitals,
as well as all the steps involved in good aseptic
technics and isolation procedures, and the necessity
of constant vigilance and continuing education of
personnel.

Immunobiologic control. As more understand-
ing of the basic biology of the organism and the
immune mechanisms operating in the host is gained,
any one of several immunobiologic approaches may
eventually be found to circumvent the virulence or
the antibiotic resistance of the staphylococcus or to
increase the host’s defenses. Trends in several such
directions in present-day research are discussed in
this review, and offer the hope of eventual success.

Interested readers may also wish to consult a recent British
monograph™ on this subject.

We are indebted to Drs. Alexander D). Langmuir and
E. Russell Alexander for their interest and encouragement
during the preparation of the manuscript.
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Correction: In the Medical Progress report, “Staphylococcal Infection in Hospitals,”
by Drs. Nahmias and Eickhoff, which appeared in the July 13 issue of the Journal, the first
sentence of the next to last paragraph in the left-hand column on page 78 should read as
follows: “Staphylococci have been found to produce many factors: toxins — leukocidin, der-
monecrotoxin, lethal toxin, erythrogenic factor, enterotoxin and hemolysins (alpha, beta,
gamma, delta and epsilon) ; and enzymes — free and bound coagulase, fibrinolysin, hyalu-
ronidase, phosphatase, protease, lipase, desoxyribonuclease and penicillinase.”
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