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"Infirmaries, or hospitals, in 211 countries, are
for the most part unclean and infectious places, and
tho!' every precaution is taken to purify them, such as
washing with vinegar, burning brimstone, gunpowder, or
resinous substances, seouring the boards, and sueh like;
yet a perfectly safe purification, in some cases, can
never be fully effected .... the seeds of infection
once sown, continue, in some instances, to spread
contagious diseases, and to contaminate the house, as
much as ever the walls of the Israelites were infected
with the filthy leprosy, which is said to have germinated
from the walls of thelr tents or hutts ...."
(Brockleshy, 176%).
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PREFACE

In the first part of this thesis an attempt has been
made to provide a conecise account of the history of hospital
infection, Negleected early contributions, particularly from
the eighteenth and nineteenth centuries, are reviewed; and
the survey is continued up to 1966, It is hoped that this
section, together with the subsequent discussions, may usefully
supplement the review by Williams et al. (1960) which deals
almost exelusively with the literature from the end of the
Second World War until 1960.

The investigations embodied in the second and third
parts of the thesis began in 1960. During the first year of
the work, a study was made of all clinically-apparent infections
which developed in the maternity department and in the majority
of medical and surgical wards of a general hospital. To the
broad picture of hospital infection which emerged, were added
the results of a systematic bacteriological examination of the
hospital environment.

Following this general study, a detailed enquiry was
made into the mechanism of cross-infection in a dermatology
department. The conditions encountered in such a department
offered unique opportunities for the study of the baecteriological
interaction of patients and environment. This investigation
occupied a period of four years. It was mainly concerned with

the dispersal of pathogenic bacteria by patients, and with the
effects of specific counter-measures on both the incidence of ecross-

infeection and of baeterial contamination of the environment.



PART 1.



(1) IHE EARLY HISTORY OF HOSPITAL INFECTION

The subject of hospital eross-infection still
awaits a historian. His task will be considerable for it
must encompass more than 4,000 years of man's social
history, and deal with the numerous institutionswhich

were the forerunners of the modern hospital.

The Hygienic Standards of FEarly Hospitals

Before the beginning of the Fifth Century B.C.
organized hospitals for the care of the sick existed through-
sout the civilized world, and notably in India, Egypt,
Palestine and Greece. The hygieniec conditions which
prevailed seem to have been greatly superior to those
that were tolerated less than one hundred years ago in the
hospitals of Western Europe.

Detailed advice on hospital construection and hygiene
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is contained in the Charaka-Samhita, a Sanskrit textbook of
medicine which was probably written in the Fourth Century B.C.,
although based on writings of the Second Millenium B.C. The
following extract from the work lays down sound prineiples
for the prevention of hospital infection:
'In the first place a mansion must be constructed under
the supervision of an engineer well-conversant with the
seience of building mansions and houses. It shall be
spacious and roomy s... One portion at least should be
open to the currents of wind. It should not be exposed
to smoke, or dust, or injurious sound or touch or taste
or form or scent .... After this should be secured a
body of attendants of good behaviour1 distinguished
for purity and cleanliness of habits'.

The successful avoidance of hospital infeetion is
evident from the remarkable range of opersations described in
the Sushruta-Samhita, an ancient surgical treatise which forms
a companion to the Charaka-Samhita.

The Greeks of the Fifth Century B.C., though not as
resourceful in surgery as their Indian contemporaries,
provided admirable hospitals adjacent to the temples of
Asklepios. The ward excavated at Epidauros is probably the
oldest extant in the world.

'The abaton (ward) was a lofty and airy sleeping
chamber, its southern side being an open colonnade ...
This provision of abundance of pure fresh alr for the
siek by day and night, which is so beneficial now, was
undoubtedly so then aiso, end probably brought much
eredit to the god and his shrine ... the precinect was

2s beautiful as the noblest works of Greek art could
make it'. (Caton, 1899).

A reconstruction of part of the temple is reproduced

in Figure 1.
In the small hospitals provided by the Ancient Jews

at this time, the spread of infection was prevented by an
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inflexible application of the laws of Leviticus. These deal
not only with general hygiene, but also with the diagnosis of
skin infections and other 'uncleanness', the isolation of the
infected, and the destruction of fomites. In the Jewish
Ialmud, too, there are instructions for the prevention of air-
tborne infection, and the surgeon is warned that he must not
touch a wound because 'the hands cause inflammation' (Snownman,
1935).
While it 1s likely that these high standards were

maintained in the Roman tudinaria, there was a general
deterioration in European hygzliene after the fall of the Roman

Empire.

T Hospitals ediseva nd Renaissance furope

The historian of hospital infection will find rich
source material in the scattered references of mediaeval chron-
ticlers to pestilence and 'visitations' in the monastie
infirmaries, the leprosaria and the larger pre-Renailssance
hospitals of Western Europe (Figures 2 and 3).

The early hospital reformers met with little success.
In the Thirteenth Century, Theodoric of Bologna deplored the
current teaching that 'laudable pus' was a prerequisite for
sound wound healing. He carefully cleansed all wounds, and
then sutured them to avoid contamination from the air. By
these means he prevented suppuration in most of his cases
(Major, 1954). As a result of his ploneer work on aseptie

surgery Theodoric was persecuted by his colleagues and denounced
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as a heretic by the Church. His pupil, Henri de Mondeville,
also taught that suppuration hindered wound healing, but the
belief in 'laudable pus' remained.

The following sixteenth-century comment upon surgical
practice at the great Hotel-Dieu in Paris is quoted by Bell
(1801):

'A young surgeon who is bred in the HStel-Dieu, may learn
the various forms of incisions, operations too, and the
manner of dressing wounds; but the way of curing wounds
he cannot learn. Every patient he takes in hand must

die of gangrene'.

A typlecal surgical ward of this period is depicted
in Figure k4.

Severe overcrowding in hospitals persisted for two
centuries after the death of Ambroise Pare, as is shown in
Figures 5 and 6 - whieh undoubtedly flatter their subjects.
'The possibility of nursing the sick in single beds' which
Madame Necker suggested towards the end of the Eighteenth
Century was considered very remarkable at a time when patients
at the Hotel-Dieu were still being nursed six or even eight
in a bed amidst appalling squalor (Tenon, 1788). Madame Neckers
innovation had been long anticipated, however, by the founders
of the Edinburgh Royal Infirmary. A visitor to the new
hospital wrote in 1739:

'the Beds are desizgned only to hold one Person ... the

House is kept clean and sweet; you find nothing in it

to offend either your Smell or your Eye; the Patients are

used with great tenderness, and the Order established in

the House, gives great satisfaction‘ (Maitland, 1753).
Very great interest was taken in each patient and

detailed records were carefully kept as can be seen from the






PFIGURE 5. A MEDICAL WARD INK THE 17th. CENTURY.

(S3an Spirito, Rome — from Qastiglioni, 1947)
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contemporary account quoted in the Appendix (p.3%3. ). Unfor-
:tunately the early promise of this hospital proved to be
illusory, as was shown by the observations first of Howard,

then of Bell, and finally of Simpson (reviewed on p.23 et seq.).

Ear I s a n f Hos ss=-infee

The secientific study of hospital cross-infection began
during the first half of the Eighteenth Century; and from
that time until the beginning of the 'Bacteriological Era!

many of the most notable contributions originated in Scotland.
(See accompanying Table).

Hospital Fever. Sir John Pringle (1750, 1752) made the first
important observations while he was both physician to the
British Army overseas and Professor of Pneumatiecal and Ethieal
Philosophy at Edinburgh. In his efforts to improve the health
of the expeditionary forces, Pringle introduced great saniltary
reforms into his military hospitals to remedy the evils of over-
terowding and poor ventilation. Pringle's'insistence on
adequate ventilation and speeing of patients, as expressed in
the following passage, now appears unremarkable, but his views
were revolutionary at the time:

'As to the disposition of hospitals, with regard to

preserving the purity of the air, the best rule is, to admit

so few patients into each ward, that a person unacquainted

with the danger of bad air, might imagine there was room

to take in double or triple the number. It will also be

found a good expedient, when the cielings (siec) are low,

to remove some part of them, and to open the garret story

(sie) to the tiles. It is surprising in how few days the
air will be corrupted in close and crouded wards; and,



EARLY SCOTTISH PIONEERS AGAINST HOSPITAL INFECTION

FLOURISHED MAIN RELEVENT ACHIEVEMENTS

JOHN PRINGLE 1735-80 'Antisepties'; reformed mili-
:tary hospitals

JAMES LIND 17%5-90 Reformed naval hospitals;
isolation wards

FRANCIS HOME & .1750-80 Appreciated contagious nature

THOMAS YOUNG } Wedr g of puerperal fever

ALEXANDER HAMILTON 1760-1800 | Valuable observations on
puerperal fever

ALEXANDER GORDON c.1795 Established contagious nature
of puerperal fever

(MENZIES & PATERSON) e.1795 Trials of air disinfection in
hospital ships

JOHN BELL 1790-1820 | Valuable observations on
surgieal sepsis

JAMES Y, SIMPSON 1830-70 Investigated hospital infeetion

(JOSEPH LISTER

)

ALEXANDER OGSTON

WATSON CHEYNE

JOHN CHIENE

(1860-1900)
1875-1920

1875-1925

1880-1909

in its entirety
(Antiseptic and aseptie surgery)

'Staphylococcus'; elucidated
bacteriolegy of suppuration

First hospital bacteriological
laboratory (Edinburgh, 1876)

Created interest in hospital
bacteriological services




what mokes it hard to remedy the evil, is the difficulty of
convineing either the nurses or the slck themselves, of the
necessity of opening the doors or windows at any time for
air. I have generally found those wards the most healthful,
when by broken windows, and other wants of repair, the alr
could not be execluded’.

Pringle's general sanitary improvements resulted from
his careful studles of the epidemiology of 'hospital-fever',
dysentery and 'the itch' amongst his patients. 'Hospital-fever'
itself was first shown by Pringle (1750) to be the same disease
as 'Jayl-fever' (typhus). His prineipal work which was published
in 1752 embodies not only Pringle's observations 6n'hosp1ta1
infection but includes 21so his descriptions of 'Experiments on
Septie and Antiseptic Substances', and here the term 'antiseptic'
makes its first appearance in the literature. Moreover, in the
fourth edition of his book Pringle (176%) favours the role of
animate contagion rather than miasma in the spread of infection
in hospitals, and he was thus one of the earliest to appreciate
the wider medical implications of the discoveries of Leeuwenhoek
and Kircher which he cites.

Pringle's observation that the hospitals were 'among
the chief causes of sickness and death in an army' stimulated his
military sueeessor, Richard Broeklesby (1764) to bring about
further improvements in hospital conditions. Broecklesby's bhook
'Oeconomical and Medical Observations ...' contains excellent ace-
tounts of the epidemiology and prevention of 'the malignant sore
throat', 'spotted fever' and 'the dangerous putrid fever' in his

hospitals. Brocklesby's trenchant statement on the dangers of

hospitals is still relevant at the present day:
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'Infirmaries, or hospitaels, in all countries, are

for the most part unelean and infectious places, and
tho' every precaution is taken to purify them, such
as washing with vinegar, burning brimstone, gunpowder,
or resinous substances, scouring the boards, and such
like; yet a perfectly safe purification, in some
cases, can never be fully effected .... the seeds of
infeetion once sown, continue, in some instances, to
spread contaglous d{seases, and to contaminate the
house, as much as ever the walls of the Israelites
were infected with the filthy leprosy, whiech is said
to have germinated from the walls of %heir tents or
hutts ....

Similar work to improve naval hospitals was carried
out at this time by the Edinburgh physician, James Lind (1757).
He recommended that wards should be reserved for different
diseases to reduce cross-infection, and he gave detailed
instructions for the disinfection of clothes and other fomites,
the destruction of vermin and the filtration of water.

Towards the end of the Eighteenth Century, when many
important hospitals were being founded both in Britain and
abroad, the hyzienie conditions of eivilian hospltals also
began to receive attention. _

It was in the British navy, too, that the first planned
trials of air disinfection were carried out. Outbreaks of
'ship fever' and respiratory infection on board Briiktish
hospital ships in 1795 stimulated the Scottish naval surgeons
Arechibald Menzies and David Paterson to study the effects of
nitrous acid fumes (Smyth, 1799). They observed very
beneficial results following fumigation, although the great
reduction in the ineidence of 'ship fever' (typhus) must have
been mainly due to their assiduous disinfeetion of celothes

and their careful adherence to Lind's general hygienic regimen.



Of interest also at this time is the report by Smyth
(1795) of 'an aeid water drawn from tar' used as a disinfec-
t:tant in hospitals by 'Mr, J. Bell!', 'Mr. W. Farquharson'
and others who were apparently naval surgeons too. Unfortunately
nothing was to be heard of earbolic acid as a disinfectant
for more than half a century, until the work of Lemaire (1863).
The first substantiel attack on the condition of
surglcal wards was made by Alanson (1782) in his book 'On
Amputations'. In this work the surgeon is warned of the
increased danger of wound sepsis in crowded, eity hospitals

which

tare so tainted by unwholesome effluvia, that they

are rather a pest, than a relief, to the objects they

contain,!
Alanson gives detailed instructions for cleansing and
ventilating the wards, for recognising infected individuals
at the time of admission to avoid 'importing infeetion', for
isolating those infected while in hospital, and for
disinfecting personal clothing and bedelothes by bazking 'in
an oven construected for the purpose'.

Shortly after Alanson's work civilian medical wards

also came under very detailed scrutiny. Thus, Tenon (1788)
made a thorough survey of the Parisian hospitals, and
uncovered truly =ppalling conditions, particularly in the
great H8tel-Dieu. The philanthropist, John Howard (1789)
also conducted a comprehensive enquiry into the state of the
lazarettos, hospitals and prisons of Western Europe. Most

of the British hospitals proved to be 'offensive beyond



deseription'; and the Edinburgh Royal Infirmary was not
spared Howard's censure.

Then, in 1795, the French Council of Health drew up
a very comprehensive series of instructions for the prevention
of hospital infection (Transeript, 1804%), These mainly consist
of sensible rules 'for maintaining the salubrity and
purifying the air of the wards of hospitals' together with
interesting methods for the disinfection of selected articles
used in hospitals. Unfortunately these recommendations
resulted in no very obvious improvements. Robert (1806)
deseribed 2 formidable variety of diseases which were
frequently contracted by patients in the prineipal French
hospitals. His list of infections amongst medical patients
includes

'érysipéle, la fidvre scarliatine, les ta

vele, la fievre scarlatine, les ophtalmies, les
rhumatismes aigus ,.. les synogues simples et putrides,

les fiévres intermittentes, guelque typhus,.quelques
dys ies, et des fievres erysipilateuses’'.

Apart from these studies of infeetion in medical
wards, the most valuable work on cross-infection during the

Eighteenth Century was carried out in the field of obstetries.

Puerperal Fever. Charles White (1773) and two Edinburgh
professors, Francis Home and Thomas Young, seem to have been
the first to consider puerperal fever an infectious disease
(Thomas, 1819). Young's successor, William Hamilton, also
had very advanced views on the communicability of both
puerperal fever and surgical sepsis in hospitzl. Hamilton's

remarkable insight into these conditions is evident in the



following passage:
"In hospital practice there is no doubt but that the
disease (puerperal fever) 1is produced by specifie
contagion from the alr of the wards. It is particularly
observed in surgical wards that there is such a state
of the air sometimes as produces almost in every
wound, even the slightest symptoms of erysipelas and
even mortification. In the Edinburgh Infirmary,
when such a state of the air was present puerperal
fever raged violently, but at no other time."
(Hamilton, 1781).

This observation on the relsationship between surgical
erysipelas and puerperal fever is very interesting, and has
been fully confirmed by modern bacteriology.

It was not, however, until the publication of the
masterly, but neglected monograph of an Aberdeen physician,
Alexander Gordon (1795), that the infectious nature of
puerperal fever was fully established. Although Gordon's
observations on the Aberdeen epidemic were made in
domieciliary practice they were of great relevance to
hospitals. Of speeial value was the emphasis placed by
Gordon on the transmission of infection on the hands and
clothing of attendants. This was a more helpful approach
than the one current at that time, derived during the
Seventeenth Century from Sydenham and during the Eighteenth
Century from Mead. Both of these revered medical men had
held that diseases became epidemic owing to the interaction
of "Miasmata' and an 'Epidemick Constitution' of the atmos-
iphere. But Gordon stated emphatieally

'That the cause of the epidemic puerperal fever
under consideration was not owing to 2 noxious

constitution of the atmosphere, I had sufficient
evidencey for, if it had been owing to that cause,



it would have seized women in a more promiscuous and
indiscriminzte manner. But this disease seized such
women only as were visited or delivered by a
practitioner or taken care of by a nurse, who had
previously attended patients affected wi%h the disease.

In short, I had evident proofs of its infeetlious
nature, and that the infection was as readily communi-
tcated as that of smallpox or measles and operated
more speedily than any other infeetion with which I
am acquainted.

With respect to the physical qualities of the
infeetion ... I had evident proofs that every person
who had been with a patient in the puerperal fever,
became charged with an atmosphere of infection, which
was communicated to every pregnant woman who happened
to come within its sphere. This is not an assertion,
but a faet, admitting of demonstration...'

On the prevention of the disease, Gordon admits

"I must speak with great uncertainty, because in
this matter I have not experience for my guide ...

Whether the infection of the puerperal fever is
capable of being destroyed by the same means as that
of other fevers, I cannot confirm with certainty but
think it very probably and that they ought to be tried.

That fresh air and cleanliness are insufficient for
the destruetion of contagion and that there is no
certain antidote but fire and smoke has been demonstrated
by the ingenious Dr. Lind. This exeellent author has
proved that fire and smoke are the most powerful agents
for annihilating infeetion; and, as he thinks, even the
plague itself.

The methods whiech he recommends for the purification
of infeeted chambers and for the fumlgation of infected
spparel may be seen by perusing his ingenious papers on
fevers and infections to which I refer the reader.

The same means ought to be practised for preventihg
the infection of puerperal fever. The patient's
apparel and bedclothes ought to be burnt or thoroughly
purified; and the nurses and physicians who have attended
patients affected with the puerperal fever, ought care-
sfully to wash themselves and to get their apparel
properly fumigated before it be put on again.”

Near the end of his "Treatise", Gordon gives more
details of the manner in which some patients receive the
infection:

"That putrid matter is capable of producing an inflamma-
:tory disease is a position which perheps will be
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questioned by many readers. Be that as it will, its
truth is proved both by disseetion and inoeulation for
the smallpox; for if the matter be taken from the most
malignant smallpox and applied to the arm of a person who
never had the diseasej it produces inflammation in the
part to which it is applied and afterwards (provided the
patient has been properly prepared) a distinet smallpox
of the mildest kind.

And if in the dissection of 2 putrid body a surgeon
serateh his finger, the part festers, that is inflames
and suppuratesy and if a fever should be the consequence
it 1: inflammatory in the beginning and only ultimately
putrid ....

In like manner, if putrid matter be applied to the
uterus it inflames that organ and the contiguous viscera;
that is, it gives rise to puerperal fever, which is
ushered in with a cold stage, and succeeded by a very
rapid pulse and acute pain in the abdomen.™

Because of his serupulous honesty in naming those
attendants who had spread the infeetion, Gordon suffered a
fate which foreshadowed that of Semmelwels.

Fifty years later, the celebrated paper 'on the
contagiousness of puerperal fever' by Oliver Wendell Holmes
(1843) merely re-emphasised Gordon's findings. Semmelwels
(18473 1849) earried the work one stage further, and obtained
a marked reduction in the incidence of puerperal fever in
hospital by using a solution of chlorinated lime for the
disinfection of attendants' hands. Several years before
either Holme#or Semmelweis, however, James Young Simpson in
Edinburgh wes lecturing persuasively on the contagiousness of
puerperal fever, Simpson in this way began the battle against
hospital cross-infection which he was to fight during the

remainder of his life. (Selwyn, 1965).

S al Gangrene and Surgical Fever. Simpson (18503 1859)



then proceeded to make a special study of the epidemiology
and prevention of 'surgieal fever', which was, he believed,
frequently due to cross-infection, and was closely analogous
in other respects to puerperal fever. On the aetiology of
puerperal fever, he had already extended the observation of
Hamilton (1781) by noting in 1836 that

'the same focus of contagion produeing puerperal

fever in puerperal patients (caused) erysipelas,

inflammatory sore throat, etc., in patients who

were not in the puerperai state'., (Simpson, 1851).

In his Clinical Lectures, which were not published
umntil 1859, Simpson declared that the subject of surgical
fever had been completely negleeted by surgeons, while

'every patient placed upon an operating table (in
hospital) is in ... greater danger than a soldier
entering one of the bloodiest and most fatal battle
fields’.

In a passage on 'Communication by contagious inocula-
stion' Simpson deseribed transmission of infection by the
surgeon, his attendants and nurses, adding

'I believe that surgical fever is often enough
propagated in this way, just as puerperal fever 1s, ...
perhaps ... to a degree that 1s at present not yet
dreamt of’. .

Deaths from surgical sepsis were not due to 'mortifi-
scation' of the wound alone but rather

'wvere engendered by some morbific material circulating
in the blood producing a special toxaemie state'.

In these papers, Simpson anticipated his later views
on hospital reform, but in addition he made two very remarkable
observations, Patients were to be operated upon soon after

their admission to hospital to minimise their exposure 'to



the vitiated air of an hospital before being subjeeted to the
surgeon's knife'. This is fully in accordance with modern
views on the aequisition of pathogenic 'hospital'! bacteria,
He alsc recommended that 'in the prophylaxis of surgical
fever' fresh wounds could be treated.with 'aeid, chlorinated
or othér antiseptic applications' (Simpson, 1859).

In the mid-Nineteenth Century, death from post-operative
wound infeection - as deseribed so vividly by Brown (1858)
in 'Rab and his Friends' - occurred in more than 50 per cent
of cases in many of the major hospitals. The surgeon, however,
rarely sought for the cause in his own techniques (Figure 7)
or in the conditlon of the hospitals in which he worked., Yet
at the beginning of the century, the Edinburgh surgeon, John
Bell (1801) in despair had written of 'the Hospital Gangrene',

' +oo in great hospitals especially, 1t prevails at
all times ... let (the surgeon) bear in mind that this
is a hospital diseasej that without the cirecle of the
infected walls the men are safej; let him, therefore,
hurry them out of this house of death ..., let him lay
them in a schoolroom, a church, on a dunghill or in a
stable ..., let him carry them anywhere but to their
graves'.

Bell's observations formed the basis of further work
by Ollivier (1822). This French surgeon gave a detailed account
of 'typhus traumstique', and 'gzangréne ou pourriture des
hopitaux'. FHe considered at some length 'le virus ganzreneux
traumatique' desceribing experiments in which he inoculated
himself with septic material with and without the addition of
antisepties, In this and in other ways he proved the
efficacy of the various antiseptiecs which Pringle (1752) had

originally desceribed, and which Ollivier recommended for the
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prevention and treatment of wound sepsis. In the prophylexis
of wound sepsis he alsc advised strict cleanliness of the
clothes of the surgeon and patient, of the surgeon's hands

and his instruments as well as of the rooms, beds, blankets
and dressings. In particular a dressing was not to be used
repeatedly for different patients as it becane ';gngéngé

de miasmes septiques' but such was the practice 'de Jla charpie

4 -
conservee depuls plusieurs annces dans L'Hﬁte;-Dieg de Paris'.

He described how on one occasion the material for dressings

~ P -~ -
'a_portee des salles, fut distribuee aux blesses de
i des journées sanelantes de la revolution: chez
a ar elle envenima les plaile et attire la

pourriture dite des hopitaux’.

Nevertheless, the majority of surgeons agreed with Guy (1863)
that the continued high mortality was due to intrinsic defects
in the patient, in view of the 'sanitary excellence our ...
hospitals have now attained'. This complacent attitude was
undermined as a2 result of Simpson's detailed enquiry into

the mortality following amputations in hospitals of differing
sizes, and in country practice. Simpson showed that the
mortality was prpportional to the size of the hospital and

the degree of overcrowding. His mein findings, together with
detailed suggestions for hospital.reforms, were published
within a year of his death in a series of papers on 'Hospital-
sism' (Simpson, 1869; 1870). These remain as models for the
epidemiologist. The results of the investization supported
his earlier statement (Simpson, 1867) that

'although the establishment of hospitals 1s a necessity
esss the bringing together within 2 confined area of
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many sick persons is .... perilous. The risks of con-
ttamination of the air and of impregnation of the
materials of the bullding with morbid substances, are
so greatly increased, that the greatest care is
necessary that hospitals should not become pesthouses,
and do more harm than good. There is indeed a
continual sacrifice of life from diseases caught in
or aggravated by hospitals. The risk ,.,. 1s least

in the best ventilated hospitals. A great supply

of air, by immediately diluting and rapidly carrying
away the morbid substances evolved in such quantities
from the bodies and exeretions of the sick, reduces
the risk to its minimum'.

Inevitably, Simpson's work became the centre of bitter
controversy. His chief opponent was the surgeon, Timothy
Holmes (1869) who, several years earlier, had been co-author
of an official report on the state of British hospitals
(Bristowe and Holmes, 1863). Despite the abundant evidence
of cross-infection presented in this report, its authors
econcluded that most of the hospitals examined were in them-
tselves satisfactory - thus agreeing with Guy.

The case for hospital reform, however, had already
been ably promoted by Florence Nizhtingale (1858) following
her experiences in military hospitals during the Crimean War
(Figure 8), and her subsequent examination of British eivilian
hospitals. Miss Nightingale argued her case persuasively and
undoubtedly brouzht about great improvements in hospital
conditions; though, unlike Simpson, she showed no interest
in the work of the pioneer bacteriologists and students of
air hygiene. Moreover, she was hostile to the "Germ Theory"

of disease for the remainder of her life.
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Studies of the Mechanism of Cross-infeecti he Ninetee
Century

Mueh of the early experimental work on the transmission
of infection in hospital is cited by Simpson (1869). He was
particularly impressed by the observations of Pasteur,
Gratiolet and Lemaire |

'that the atmosphere is full of living spores and germs
of various infusoria, ete., which, when they find a
proper nidus, lead on by their development to fermen-
ttations, pu%refactions, suppurations, ete.!

Of great interest also at this time were the reports
of Thomson (1855), Raingy(1855) and Elisel (1861) on the
presence of skin scales, 'pus globules' and other possible
vehicles of infection in the airy, and on the walls and
floors of hospital wards. These findings were confirmed and
extended by a number of medical officers in the British army,
notably Hewlett, Stanley and Baynes (1861), de Chaumont (1867)
and Temple-Wright (1869). Towards the end of this period,
further valuable information resulted from the study of air-
sborne dust by Tyndall (1881), and from similar investigations
carried out in Edinburgh by Andrew Smart (1883) who, 18 years
earlier, had been one of the first exponents of the 'germ
theory' of disease. Figure 9 reproduces Smart's diagram of
the mieroscopical appesrance of suspended dust.

The ancient concept of infection from the environment
thus obtained scientific support before the birth of medical

bacteriology. The earlier findings of Gordon, Simpson and

Semmelweis on the transmission of infeection by indireet
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contaet, together with the initial observations on environ-
tmental cohtamination provided a fowmdation for the further
study of hospital infeection,

The accumulating knowledge achieved its first practical
expression in the work of Joseph Lister (1867; 18%5). Wwhile
his prophylactic use of carbolic acid in wounds had been
anticipated by others, especially in France and Germany -
indeed Simpson (1859) had previously advocated similar
measures - Lister's unique contribution lay in his early
insight into the role of bacteris in surgical sepsis, and his
demonstration that sepsis can be avoided by exeluding bacteria
from a surgical wound.

During the remainder of the Nineteenth Century, the
principles of antiseptic, and later, aseptic surgery wvere
successfully disseminated by Lister and his students; and
Simpson'é ideas on hospltal reform gained gradual acceptance,
aided by the advocaey of Erichsen (1874), Hutchinson (1874),
Bradley (1876) and others. Meanwhile, a firm aetiological
basis for the study of hospital infection was provided by the
new bacteriological discoveries - such as those of the
Aberdeen surgeon, Alexander Ogston (1881), who classified
the prinecipal pyogenic coecel as streptocccei, and those that
he termed ‘staphylococcl?. However, even earlier than Ogston,
Watson Cheyne in Edinburgh had investigzated the bacteriology
of wound infections. In 1876, during his period as Lister's
house-surgeon, Cheyne started what was probably the first
clinical bacteriological laboratory in Britain 'in a little
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passage behind the operating theatre in the old Edinburgh Infirmary
(Cheyne, 1925). The further development of hospital bacteriology
in Britain also received its impetus from Edinburgh. In 188%,

the Professor of Surgery at Edinburgh, John Chiene, read a memor-
table paper at the Annual Meeting of the British Medical Associa-
ttion on '"The desirability of establishing bacteriological
laboratories in connection with hospital wards' (Report,1884);

and in 1887, the Edinburgh Royal College of Physicians founded a
clinical laboratory for research and for 'the examination of
specimens met with in practice' (Ritehie, 1953).

A better understanding of the indirect routes-of hospital
cross-infection resulted from the work of Nepveu (1877), Cornet
(1889) and Fl#igge (1897). Nepveu reported the discovery of

_rbs-:r_ s quantité (50 60 _par champ

Mﬂ.m_
lgs de pusS...'

on walls and other solid surfaces in hospital. Though the

bacteria seen were probably saprophytes, Nepveu's findings,
nevertheless, gave tangible form to the mystical and ubigquitous
ison nos ', Cornet and Flligge who were both concerned
prinecipally with the transmissicn of tuberculosis in the air,
stressed the importance, respectively, of dust and of droplets

derived from the respiratory tract as the vehicles of air-borne

infection.
As a result of this intensive activity in the study of

infection and hospital hygiene,the art of hospital construetion
rapidly developed into an exaet seilence - notably in the work
of Galton (1893).

At the close of the Nineteenth Century, therefore,
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the triumphs of asepsis and hospital reform seemed to herald the

final wvietory over hospital ecross-infection.

(11) HOSPITAL INFECTION IN THE TWENTIETH CENTURY

Any undue optimism which may have been current at the
turn of the century in relztion to hospital infection was soon
found to be unjustified. Whereas during the previous century
the interest in eross-infection had been focused on obstetrical
and surgical problems, there was at the beginning of the Twentieth
Century a renewal of interest in cross-infection amongst medical
patients. The stimulus was provided by the opening of a large

number of hospitals for infectious diseases.

ect s Digeas Hos a

The relevant work at this time consisted mainly of
clinical observations on the acquisition of specific infeectious
fevers by patlients during their stay in hospital., Measles,
chickenpox, scarlet fever, whooping cough and diphtheria were
frequently seen to spread in the fever wards. Observations
made on the transmission of these diseases have provided valuable
information on hospital infection in general, and air-berne
infeetion in particular. Thus Biernacki (1908) observed that
eross~-infection with whooping cough was largely prevented by

spacing beds twelve feet apart, and similar findings were later

reported in connection with cerebro-spinal fever (Glover, 1920).
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A reasonable inference from these results is that both the whooping
cough baecillus and the meningocoeccus rarely survive the processes
involved in the formation of droplet nuclei and dust.

The importance of air-borne infection was not, however,
acecepted by all who worked in infectious diseases hospitals.
Rundle (1912) strenﬁously denied the relevance of the more recent
air studies, including those of Gordon (1902-3), Harrington (190%)
and Robb (1909). Rundle freely treated different infectious
dlseases in the same ward, and claimed a surprisingly low
incidence of cross-infection as a result of what he termed
'medical asepsis'!. Nevertheless his system of barrier nursing
failed if he admitted to his wards patients with scarlet fever,
and especially those with septic complications such as otorrhoea.
Harries (1935) in a detailed review of cross-infeetion in
children's fever wards also minimised the importance of air-borne
infection. He noted, however, that efficlent barrier nursing

failed to prevent the spréad of measles and chickenpox.

Stre cocea ross-infection

Although the epidemiology of scarlet fever in mixed
wards could be partially investigated without the aid of the
laboratory, purely clinical observations were of very limited
value in wards devoted to searlet fever. Nevertheless, it was
suspected that many of the 'relapses' which occurred during
convalescence from scarlet fever were due to re-infection from
other petients. This impression was supported by a study of the

'return cases' seen in the families of patients who had been
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discharged from hospital (Cameron, 19053 Parsons, 1927). The
incidence of return cases was found to be proportional to the
length of stay in heospital and the degree of overerowding in the
ward. The rate was particularly high in those patients who had
chronic diseases of the ear, nose or throat, or who had been
nursed in the same ward as 'septic' cases of scarlet fever.

The dissemination of Streptocoeccus pyogenes by scarlet
fever patients in a hospital wvard was demonstrated by Deicher
(1927); but it was not until the advent of serologieal typing
of Strep. pvogenes that the high inclidence of cross-infection
in scarlet fever wards was confirmed (Gunn and Griffith, 1928;
Brown and Allison, 1935).

The epldemiology of puerperal fever due to Strep, Dpyo-
igenes was also further elucldated by means of serological typing
(Smith, 19313 Colebrook, 1935). This work fully established
the importance of nasal and throat carriers in the transmission
of streptococcal disease.

It was also shown that streptococecal eross-infection
of burns occurred readily in hospital leading to serious local
and general complications; and the causative organism was present
in unusually large numbers in the alr and dust of 2 burns ward
(Cruickshank, 1935). The detailed studies by White (1936) and
Cruickshenk and Codber (1939) on streptococcal contamination in
maternity wards, and also in a diphtheria ward in the second
investigation, further emphasised the role of air-borne dust in
the spread of infection.

Abundant evidence of streptococeal ceross-infection was
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found in other branches of hospital practice. Thus Okell and
Elliot (1936), working in o general hospital, showed that such
infection was espeeially prevalent amongst patients in wards
which dealt with diseases of the ear, nose and throat. Cross-
infection with haemolytie streptococel was also found to occur
readily amongst measles and diphtheria patients (Allison, 1938),
in paediatric medical and surgical wards (Wright, 194%0), and
amongst patients convaleseing after influenza (Cruickshank and
Muir, 1940).

At about this time, the observations of Wright, Shone
and Tucker (19%1) and Crosble and Wright (1941) on the spread
of diphtheria in hospital, helped to elucidate further the general
problem of dust-borne infection. This work emphasised the danger
of traditional methods of sweeplng: and though hospital epidemies
of wound diphtheria were probably never common, their study had
already provided valuable information on the general epidemiology
of surgical sepsis (Bensted, 1936). Likewise, the observations
of Del Mundo and MeKhann (19%1) on the prevention of chickenpox
in hosplital wards were of interest in the general context of air
disinfection by ultra-violet irradiation.

The importance of dust-borne infection was further
demonstrated by the reduced incidence of streptococeal infection
and of aerial contamination which followed the olling of floors
and bedelothes in a measles ward (Wright, Cruickshank and Gunn,
1944). Althouzh these results appeared to confirm the signifi-
tcance of the earlier observations on infected dust in hospital

wards, Begg, Smellie and Wright (1947), carried out a similar
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experiment in a measles ward where there was already a relatively
low rate of streptocceccal cross-infeetion, and were unable to
obtain any further reduction in the incidence by oiling floors
and bedding.

During World War II, the application of serological
typing to the study of streptococcal wound infections confirmed
the early impression of Fleming and Porteous (1919) that strep-
ttococecal wound sepsis was often the result of eross-infeetion
(Miles et 2l., 1940). Another important finding made at this
time was the recognition of the nasal carrier of Strep. pvogenes
as a dangerous disperser of infection (Hare, 19%l; Hamburger,
Green and Hamburger, 1945).

The pericd from 1935 to 1950 whiech was marked by
intensive enquiry into streptocoececal cross-infection, saw also
a great decline in the importance of this type of hospital
infection. While much of the decline can he accownted for by
the introduction of sulphonamides and peniecillin, by improved
hygiene in hospitals, and possibly by the use of chloroxylenol
antiseptics in midwifery (Colebrook, 1936), the haemolytie
streptococecus itself was probably undergoing 2 spontaneous
decerease in virulence during this period., The trend apparently
started in 1866 when, in the absence of improved therapy, there
began to oceur a steady fall in the mortality from searlet fever
and rheumatie fever (Rolleston, 1928), as well as from erysipelas
and puerperal fever (Gale, 1959).

Nevertheless, hospital infection with Strep, pyogenes

is still reported from time to time. Amonz the more serious of
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the recent outbreaks of puerperal fever were those recorded by
Gibson and Calman (1953) and Gray (1956). In neither incident

was the primary source of infeection diseovered, although infected
nurses may have been important secondary sources, Eandemic infec-
:tion has continued to be troublesome in burns wards (Lowbury,
1960a), occasionally in general surgicel wards (Rountree, 1955%)
and also amongst medical patients (Markham, 1959). Moreover,
though Strep. pyvogzenes remains uniformly sensitive to peniecillin,
treatment with this antibiotic may be relatively ineffective if
there is a concurrent infection with penicillinase-produeing
organisms, for example Staphvlococcus aureus (Rountree, 1955).
Similar difficulties may be encountered in eliminating the carrier
state (Gray, 1956), and possibly in antibiotic prophylaxis against
streptococecal infection. Resistance to sulphonamides has been
frequently observed (e.g. Francis, 19423 Report, 19%5), and more
recently the treatment of streptococcal infections has suffered

a further setback with reports of increasing resistance to the
tetracyclines (Robertson,196%5; Parker, Maxted and Fraser, 1962)
and erythromyein (Lowbury, 1960b).

Therefore, despite the optimism which followed the
introduction of penielllin, streptococecal creoss-infection may
still present problems in hospital but has become relatively
unimportant in comparison with infections due to other organisms.
Coineiding with the deeline of the haemolytic streptococcus as
a hospital pathogen, Staph, aureus emerged, after World War II,

as the prinecipal cause of cross-infection in hospital.
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The Emergenc £ Stap 0 Aur

Hospital cross-infection due to Staph. aureus was of
some importance before the end of the period which the strepto-
scoccus dominated, as was shown for exampie by Smith (1935),
Poole and Whittle (1935), Hart (1937), Devenish and Miles (1939)
and Miles (1941). Nevertheless, the reported increase in the
incidence of staphylococcal hospital infection during the part
20 years is undoubtedly real and cannot be aseribed to improved
diagnostic facilities, or to the greater interest shown in such
infections following the decline in the importance of strepto-
tcoceal infections (Hassall and Rountree, 1959). The general
inerease in non-streptococeal hospital infection, and of
staphylococeal infeection in particular, is the result of changes
affecting both the host and the pathogen.

Serious and persistent staphylococcal disease 1s not
infrequently found in otherwise healthy young adults (Colbeck,
1962). However, factors which have tended in recent years to
increase the susceptibility of hospital patients to severe
infeection ineclude the higher average age of the hospital popula-
stion, the prolonzation of life in cases of malignant disease and
in advanced systemic diseases, the greater scope of modern surgery,
the wider use of antimetabolic drugs, cortico-steroids and
irradiation, and the uncontrolled use of antibioties which can
seriously distur®b the normal baecterial flora of the body; Indeed
McDermott (1956) held that increased host susceptibility alone

could be responsible for the observed inerease in staphylococecal

hospital infecetion.
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The ecologzical positien of the pathogen has, neverthe-
tless, undergone important changes as a result of the use of
specific anti-bacterial drugs. Not only have these drugs acted
as a selective fores favouring the survival of resistant and
possibly more virulent strains of bacteria, but the availablility
of such powerful prophylactic and therapeutiec agents has tended
to encourage a complacent attitude towards infection, with a
consequent deterioration in the standards of aseptic technique
(Barber, 1961).

Although excellent initial results were obtained with
penicillin in the treatment of infections due to Staph. aureus
as well as Stre