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PROTECTION OF THE RESPIRATORY TRACT*
BY

Sir VICTOR NEGUS, D.Sc., M.S., F.R.C.S.
[WITH SPECIAL PLATE]

The memory of Walter Jobson Home will be kept alive
by the institution of this lecture. I am proud to be the
first to deliver it, particularly as I remember a number of
meetings at which his somewhat controversial observa-
tions gave life to the discussions. He was in appearance
rotund and reminiscent of a character from Dickens; in
intellect he was erudite and a good speaker. He was, in
brief, a character.
The respiratory tract, and particularly inflammatory

lesions of the larynx, were of great interest to him;
his inclination was toward pathology and away from
operations, characteristics to be remembered and
imitated. A keen supporter of the B.M.A. and President
of a Section at the Meeting in Bradford, he also had
the honour of giving the Semon Lecture in 1921.

I have chosen as my subject: "Protection of the
Respiratory Tract."

Consideration of this problem allows no distinction to
be drawn between the upper and lower respiratory
passages, as frequently occurs in the education of
medical students; the former is often classed as a special
subject and the latter as part of general medicine, with
confusing results.

Since infections of the respiratory tract are among
the most common of complaints, with the loss of a vast
number of working days, it is important to have
some understanding of the complicated physiological
processes entailed.

After a medical career devoted to the study of this
subject 1 regret to find myself in some confusion, but
1 will attempt to outline certain aspects which I hope
will serve as a basis for therapeutic principles.
The respiratory tract must be considered from the

nostrils to the alveoli, and in addition the peculiar
anatomy of man makes it essential to include the mouth
and pharynx, since mouth-breathing is frequently used,
especially during speech. It will be best to consider the
various dangers against which protection must be
afforded, and foremost among these is the avoidance of
entry of water and food into the trachea and bronchi;
this is a primitive function which concerns lung-
breathing fish, amphibians, reptiles, birds, and
mammals.
When the pulmonary apparatus was evolved it was

essential to provide a protective valve at its origin from
the pharynix; this valve is the larynx, often considered,
incorrectly, to function solely as the organ of voice.
*The Walter Jobson Horne Memorial Lecture delivered at the

Adjourned Annual General Meeting of the British Medical
Association, Sheffield, July 20, 1961.

B

Phonation is, however, facilitated in animals with a
larynx, this being a convenient organ for the purpose,
without anatomical adaptation. The simple larynx of
an alligator, for example, lying flat in the floor of the
pharynx, remains closed when water or food is being
swallowed; reflex stimulation removes the danger of
inundation of the trachea or lungs through an open
glottis, and the same applies to the uncomplicated larynx
of an amphibian such as the newt.

Crossing of the Air and Food Passages
Animals with a pulmonary apparatus inspire through

the nose. This route is not designed for the benefit of
respiration, but has as its object the drawing of air over
the olfactory mucosa in order to maintain the acuity
of the sense of smell. Since the nasal passages open in
the roof of the mouth or pharynx, while the larynx
opens from the floor of the pharynx, there is, of
necessity, crossing of the two tracts for air and for food.
In lung-fish, amphibians, reptiles, and birds it is essential
that respiration shall cease while food and water are
passing down the gullet; but in certain mammals the
desirability of swallowing and breathing simultaneously
has been overcome when the food is semi-liquid. This
occurs with herbage, which must be taken in over
lengthy periods of time (Text Fig. 1). Crossing of the
passages for air and food is a particular cause of
trouble in man.

Requirements of Olfaction
An important anatomical structure to be considered

now is the epiglottis, which rises at the anterior end of
the larynx; it is developed in animals of keen powers of
scent to subserve the olfactory sense by its approxima-
tion to the soft palate, thereby shutting off the mouth
from the air-stream and thus ensuring passage of all
of the inspired air over the olfactory mucosa of the nose
(Text Fig. 1).
The presence of the epiglottis does not of itself solve

the problem of simultaneous breathing and swallowing;
but a further modification connected with the epiglottis
is of help. This modification is the lateral food-channel.

Lateral Food Channel
This channel is bounded medially by the aryteno-

epiglottic fold and is shut off above by prolongation of
the soft palate; this divides to form a shelf around the
upstanding larynx, which projects into, the posterior
nasal passage; the food-passage is thereby separated
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724 SEPT. 16, 1961 PROTECTION OF RESPIRATORY TRACT

from the air-passages. In herbivorous animals such as

deer and antelopes the channel is very efficient; the
most efficient examples are found in cetaceans such as
dolphins, porpoises, and some whales (Text Fig. 2).
Man, of herbivorous descent, has lateral food-

passages of a sort along which liquids or semi-liquids
may travel. These passages, though extremely efficient
in true herbivora such as ungulates and many rodents,
are in man not very effective in protecting the respira-
tory tract. It therefore happens that, though the infant
can swallow milk along the lateral channels without
complete interruption of respiration, the adult runs a
risk if he attempts to swallow and breathe at the same
time; it is common experience to find that fluid has
gone the wrong way, and in individuals with paralysis
of the larynx this experience is dangerous and some-
times fatal.

Entrance of Solid Objects
The inefficiency of the lateral passages is a danger

to man as regards entrance of liquids, but a further
hazard exists in his faculty of breathing through the
mouth. The close apposition of epiglottis and soft
palate of keen-scented-animals is no longer required in
higher apes and man, because of regression of the sense
of smell in favour of sight. Evolutionary flexion of the
head on the vertebral column with, in man, shortening
of the snout leads to separation of the epiglottis from
the palate, allowing air to pass freely through the mouth
when it is open. This is, of course, to the advantage
of speech, though it reduces the safety of the respiratory
tract (Text Fig. 3). If some object is held between the
lips or teeth, or is in the buccal cavity, a sudden inspira-
tion may draw it through the larynx into the trachea
or one of the bronchi; this applies especially to such
light objects as pieces of nut or fragments of vegetables,
substances which by irritative effects on the bronchial
mucous membrane are very dangerous and often fatal.
Sudden laughter or a cry may precipitate this accident.

TEXT FIG. 1.-Diagram to illustrate modifications to subserve
olfaction. In most gill-breathing fish there is no communication
between the olfactory organ and the food-tract; the early human
embryo is similar. In air-breathing lung-fish and in amphibians,
reptiles, most birds, and all mammals the nasal passage opens into
the mouth or pharynx. Coaptation of nasal and pulmonary air-
passages is illustrated in the crocodile, cat, and antelope, the
epiglottis of mammals assisting in this process. Man is seen to
have a gap between nasal and pulmonary air-tracts. Cetaceans,
such as some whales, have a permanently intranarial larynx, of

great benefit for simultaneous breathing and swallowing.

Entrance of Bacteria
The larynx is incapable of preventing entrance of

bacteria coming from the external air or from the nasal
passages, the sinuses, or the pharynx; each respiration
may carry in and out innumerable organisms, a strong
reason for the wearing of a mask by those with respira-
tory infections. The nose itself, when infected, becomes
a danger instead of a protection to the respiratory
passages. It is most important, therefore, to deal effec-
tively with inflammatory conditions of the nose, and
especially with collections of pus in the paranasal
cavities; the maxillary sinuses are usually the key to the
situation, and puncture and lavage at an appropriate
time may be indicated as a means of avoiding chronic
infections or spread to other sinuses.

Stagnation of secretions in the posterior nasal passage,
usually known as the nasopharynx, is frequently due to
the obstructive presence of adenoids and can be of
considerable danger; surgical clearance may be
necessary, but with special care to avoid damaging
submucosal tissues, such as the pharyngeal aponeurosis
and muscle fibres, for fear of subsequent scarring and
elimination of ciliary streams, leading to droplet
infection of the lungs. Normally ciliary streams propel
a mucoid blanket which is then carried by swallowing
movements, starting in the posterior nasal passage, into
the stomach, where organisms are killed by gastric
juices.
Removal of adenoids is a difficult operation if it is to

succeed in clearing obstruction without inflicting
damage on the submucosa. Removal of tonsils, if it

tJJ:

A

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4

TEXT FIG. 2.-Diagram to illustrate the lateral food-channel.
In each case the pharynx and larynx are seen in transverse section
above and laterally below. Ph= pharynx; Tr = trachea; Ep =
epiglottis; V=laryngeal ventricle; LFC lateral food-channel;
NP=nasal passage; Arc=arcus palato-pharyngeus. The larynx
of the lung-fish lies flat in the floor of the pharynx with no
lateral protection; the arrangement in the lizard is similar, the
glottis being at some distance from the nasal passage. In the lion
there is an epiglottis for olfactory purposes, but no protection of
the pulmonary air-passage except when the glottis is closed. fne
monkey has aryteno-epiglottic folds with a lateral food-channel
of no great efficiency. Herbivores, such as deer and oxen, have
an upstanding larynx and an extremely efficienit food-channel,
guarded above by a complete arcus; cetaceans, such as dolphins,

have complete separation of air and food passages.
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RESPIRATORY TRACT MEDI.TI.JKNAL 725

leads to scarring and contraction of the fauces, may
itself prevent efficient removal of infected secretions by
interfering with swallowing movements of the superior
constrictor muscles.

Inhalation of Dust
A certain amount of filtering is attained by vibrissae

at the nostrils, and still more dust is entangled in the
mucoid blanket which covers the nasal mucosa, to be
removed by ciliary action; the larynx is not capable of
preventing entrance of small particles unless it is closed.
Irritation of the mucosa may promote cough, which may
momentarily expel some of the debris. Subsequently
ejection of dust and bacteria depends on ciliary action
in the trachea and bronchi, to be considered later.

Harmful Gases and Vapours
Since respiration can be interrupted only for a very

brief period, it is obvious that poisonous gases will reach
the finer bronchi in spite of cough. This is noticeable
in the slight or absent damage to the larynx after
exposure, while inflammation and ulceration may be
produced in the bronchi. In warfare reliance has,
therefore, to be placed on gas-masks.

Coal-gas may give warning by its smell, and those
with anosmia are consequently in danger of asphyxia-
tion from undetected leakages.
Winter fogs have in recent years been accused of

causing widespread respiratory infections, and inhala-
tion of sulphuric or other irritating substances cannot be
excluded except momentarily, since respiration cannot
be discontinued; here again, as with the gases of
warfare, masks may be of use. Contaminated secretions
in the bronchi rely on ciliary action for their ejection.

Muntjac. Gorilla

Tiger. Man.

TEXT FIG. 3.-Relation of the palate and the larynx. In keen-s
such as the indian barking deer or muntjac the epiglottis lies above
and ensures that all air shall enter and leave through the nose.
which the tiger is an example, have a similar arrangement, of gr
tracking prey. The gorilla relies on sight and not on scent, and n
to direct all inspired air through the nose; there is a gap between

and the epiglottis. This is still more marked in man

Protection by the Nose
Reference has been made to the warning given by the

sense of smell-a warning which can do no more than
cause sudden and temporary spasmodic closure of the
larynx or may lead to the wearing of a gas-mask.

Certain animals-for example, newts and frogs,
crocodiles, water buffaloes, and whales-can prevent
entrance of water by closure of the nostrils; in man
this is not possible.

Functions of the Nasal Organ
At this stage it will be best to discuss the relationship

of the nose to the lower respiratory passages; it is
sometimes assumed that the main function of the nose
is to help in maintaining the health of the tracheo-
bronchial tree by arresting bacteria and dust and by
warming and moistening inspired air. But when the
nasal organ is examined in its primitive stages of evolu-
tion it is found to have a purely olfactory function; this
is obvious in a fish such as the pike, where water enter-
ing during forward progression reaches the olfactory
rosette. Various methods for drawing water over the
rosette are found, some depending on the mechanism
which helps to cause circulation of water through the
gills; but in no instance is the nasal organ of any use
in protection of the respiratory apparatus.

Lung-fish, which breathe air when the water in which
they live dries up, have a communication between the
nasal passage and the pharynx, but here again for the
sole benefit of the olfactory sense; there is obviously no
necessity for warming or moistening air.
When mammals are examined the nose is found to

be divided into two sections: one
anteriorly for the warming and moisten-
ing of air, and the other posteriorly for
olfactory stimulation. If all mammals
are examined it is found that the two
sections are complementary and parallel
in complexity; keen-scented animals,
and especially carnivores, have a wide8 :+i. olfactory area and an extensive air-
conditioning system, while species with

f feeble powers of smell, such as the higher
,~ ~ apes and man, have a very restricted

olfactory area, with corresponding reduc-
tion for warming and moistening air.

C-- i Though the lower respiratory tract
benefits from passage of air through the
nose, yet the nose was not designed for
this purpose and does not adapt itself
efficiently to alterations of climate; its
primitive function is olfactory.

Air-conditioning
Respiratory exchanges of oxygen and

carbon dioxide cannot continue in the
- alveoli unless the surface of the

epithelium is moistened. The supply of
moisture comes partly from the atmo-
sphere and partly from transudation and
secretion through the epithelium lining

cented animals the nose, trachea and bronchi. Air
the soft palate recigtrahaadboci i

Carnivora of reaching the alveoli is at body tempera-
eat value whln ture and is saturated with moisture; heat
lo longer nee!ds is essential if the air is to carry muchthe soft palate water vapour.

BRITISH 725MWICAL JOURNALSEPT. 16, 1961 PROTECTION OF RESPIRATORY TRACT
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726 SEPT. 16, 1961 PROTECTION OF RESPIRATORY TRACT

In animals such as dogs, cats, and rabbits a very
elaborate maxillo-'turbinal body with an enormous
surface, capable of alteration in area, can bring air' to
body temperature and to complete saturation for
olfactory purposes and with incidental benefit to the
respiratory tract. Man, with his degenerate sense of
smell and restricted air-conditioning area, is not
similarly equipped, and consequently much moisture, in
addition to that from the nose, is given up in the passage
of air through the trachea and bronchi (Special Plate,
Fig. 1).
Knowing the importance of this function and realizing

the deficiencies of the human nose, great care must be
taken to preserve the nasal mucosa, limited as it is;
removal of tissue from the maxillo-turbinals is highly
improper. If the nose is dry from thyroid insufficiency,
or rhinitis sicca or atrophica, the taking of small doses
of potassium iodide is of benefit; a simple spray of
sodium bicarbonate 0.5% and glycerin 10%, with
chloretone 0.5% as a preservative and normal saline as
a base, may be of help in encouraging production of
secretion.

Air-conditioning of rooms is important, and many
cases of recurrent sinusitis are caused by over-dry air; a
relative humidity of 50% or even more should be
attained, but is not always attained in winter.

Atmospheric air in a cold winter carries little
moisture, and when warmed up in a room or hospital
ward the relative humidity-which varies inversely with
the temperature, falls to an unhealthy level, perhaps as
low as 20%. Alternately, moist air in the summer with
a high water content, when brought into a room and
artificially cooled, causes the relative humidity to rise
to an unpleasant degree.

Supply of Moisture by the Nose
Nothing must be done to reduce the capabilities of the

nasal mucosa for air-conditioning, but, on the other hand,
steps may be necessary to improve matters. Of these',
straightening of the nose or the septum is sometimes
required, but only after estimating the relative air-flow
through each nasal fossa; other forms of obstruction,
as by polypi, may need attention.

Response of the Nose to Hot and Cold Climates
If the nose were directly concerned with the protection

of the lower respiratory passages and lungs there would
be dilatation of the arterioles and capillaries when
inspired air is cold; such is not the case, since inhalation
of very cold air at a temperature as low as - 40° C.
leads to slight vascular constriction and shrinkage of the
mucosa, as shown by lowered resistance in the nose.
This is similar to constriction of the skin capillaries
designed to prevent loss of heat from the body. Very
cold air, being dry, should theoretically lead to filling
of sinusoids to provide additional moisture by transuda-
tion, but such is not the case (Text Fig. 4 A, B).
The nose retains much of the warm moisture coming

from the bronchi on expiration, with advantage to the
conditioning of subsequent inspirations; because of this,
nasal respiration is superior to mouth-breathing, which
has not the same faculty of retaining heat or moisture
on expiration.

Nocturnal mouth-breathing in those whose nose is
clear by day can often be prevented by the use of an

oral shield placed between the lips and teeth. Bringing
an obstructed nostril uppermost by turning over in bed
may clear the nose by virtue of the naso-pulmonary
reflex. In man there is a rising temperature gradient
from the nose to the trachea and bronchi; cold, dry air
reaches body temperature and saturation only when it
is in the alveoli; there is a corresponding fall on
expiration.

2PRA Z2%rIN NSPIRAT/ON

TEMP:AT NOSE

AIR AT SOURCE -60 C AIR AT SOURCE
+ 43 ° C

NASOPHARVYN + 26mm:H20

A. B.
vr-.j m r:7 L ;§ J FFFFFrFXIL

TEXT FIG. 4.-Kymographic tracings to illustrate phases of
respiration (above), temperature of air entering and leaving the
nose (middle), and resistance in the nose as registered by the
nasopharyngeal pressure (below). A. The subject breathes air
reaching the nose at about -20° C.; the temperature rises during
each expiration and falls during inspiration, but is still above
zero. The pressure in the nasopharynx is +26 mm. H O, which
is only slightly above normal. B. Hot air causes increased con-
gestion of the nasal mucous membrane, as shown by raised pres-
sure in the nasopharynx to a level of +50 mm. H..O. The air
enters and leaves the nose at a level equal to body temperature.

BRITISI
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LEGENDS TO SPECIAL PLATE
FIG. 1.-Relative size of maxillo-turbinals in man (left)
and cat (right). In man the ethmo- and maxillo-turbinals
are flat plates lying close to the nasal septum and with
hollow unwanted spaces laterally, the maxillary sinuses;
the areas for air-conditioning and for olfaction are
restricted. In the cat and other keen-scented carnivores
the maxillo-turbinal is widely branching, occupying the
whole breadth of the snout and affording a large area for
air-conditioning; the olfactory area is correspondingly

extensive.
FIG. 2.-Transverse sections of cilia photographed by
electron microscopy and reproduced by kind permission
of Professor Fawcett. (x 40,000.) Each cilium has
stiffening fibrils in a protoplasmic core, nine pairs around
the periphery and one pair in the centre. There is re-
markable similarity between the cilia of a mollusc (A), an
amphibian (B), and a mammal (C). The centre pairs of
fibrils are all orientated on one axis, which is no doubt
designed to ensure uniformity of bending at a right-angle

to this axis, thus avoiding interference.
FIG. 3.-High-power view of part of the lamella in the
olfactory recess of a carp (Cyprinus carpio), illustrating
the large number of goblet cells secreting mucus; some
cells have reached the surface and have discharged their
contents. When the fish is placed in distilled water or
in saline solution similar to salt water there is increased
activity of the goblet cells, no doubt intended to counter-
act inwardly directed osmosis or outwardly directed

transudation.
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Retention of heat and moisture on expiration should
be remembered with the subjects of tracheostomy or
laryngectomy, who should wear a shield over the
tracheostome, covered with at least six layers of gauze
as a partial replacement for the nose.
Hot air is reduced in temperature as it passes through

the nose on inspiration; and on exertion expiration by
the mouth is of advantage as a means of losing heat.

In a very cold climate mouth-breathing is highly
undesirable. Very slow inspirations allow chilling of the
lower air-passages, since the preliminary warming
influence of expired air is much reduced (Text Fig. 5).

RESPIRATION 6 PER MIN.-

TEMPERATURE AT NOSE +/0OC

-35 C

NASOPHARYNGEAL PRESSURE

AIR DELIVERED TO NOSE AT -40C

TEXr. FiG. 5.-Slow breathing at six respirations per minute
removes most of the warming effect of expired air; the current of
air reaching the nose at-40° C. falls to -35' C. at the end of
inspiration. There is then a sudden rise to + 10' C. at the end

of expiration.

Ciliary Action
The health of the respiratory passages depends in

great part on the action of ciliary streams, which are

capable of expelling bacteria and small particles of dust
if these happen to be entangled in the blanket of diluted
mucus which overlies the epithelium. Cilia are of
primitive origin and their structure is of great interest;
the cilia of molluscs, amphibians, and mammals are

almost indistinguishable. All have stiffening fibrils, nine
pairs round the periphery and one pair in the centre; the
latter are orientated on the same axis, so that waving of
the cilia shall be in one direction only, with no clashing
(Special Plate Fig. 2).

Cilia line the nasal fossa and sinuses, the posterior
nasal passages, the trachea, bronchi, and bronchioles;
there are none in the atria, air-sacs, or alveoli. Since the
bronchial tree of man divides, according to Hilding, into
about 50,000 branches, the task of cilia is great in
cleansing these minute air-passages. Plugging of smaller
bronchi or bronchioles by thick mucus may cause
pulmonary collapse, requiring aspiration of the
obstructing secretion.
Nothing must be done to upset ciliary action. Drastic

operations on the intranasal structures, the sinuses, or
posterior nasal passage may cause scarring and oblitera-
tion of ciliary streams; harm may be caused by excessive
use of cauterization or ionization, or by the use of drugs
with a paralysing effect, such as strong cocaine. Drying
of the mucosa is fatal to ciliary action, whether by
powerful vasocon,strictor drops or sprays, by prolonged
C

inhalation of constricting vapours, by excessive doses of
atropine, or by drying of the air; in this respect
humidification of inspired air is important, and those
with tubes in the trachea should have the surrounding
air moistened to a relative humidity of at least 50%
until their mucosa has become adapted to changed
conditions. Even then a shield should be worn over the
tracheostome.

Potassium iodide in small doses is useful in
encouraging liquefaction of viscid secretions; wetting
agents are sometimes required in humidified air, as
in acute tracheo-bronchitis. Since the larynx cannot
exclude bacteria, reliance is placed on ciliary streams
and on lysozymes in the mucoid blanket. With an
efficient mucoid blanket and regular removal of viruses
and bacteria there should be no invasion of the
epithelium; it is only when this is penetrated from lack
of moisture or from stagnation by obstruction that the
second line of leucocytic defence is called into action.
Some who are prone to recurrent colds in the nose may
be helped by vaccine treatment. In cases of acute
rhinitis it is important to obviate complete obstruction
of the nose by the use of steam inhalations, or, in certain
instances, a spray containing 0.5% ephedrine. Entrance
of foreign bodies into the bronchi leads eventually to
the formation of granulations, with interruption of
ciliary streams; early removal of the intruding object
is essential. Infection in the form of bronchitis, bron-
chiectasis, or bronchial or lung abscess may necessitate
removal of secretions by direct or indirect aspiration,
with treatment, in certain cases, of obstructing granula-
tions by some astringent such as protargol or silver
nitrate. A growth, whether simple or malignant, will
cause obstruction and infection, and so will persisting
bronchospasm, as in chronic asthma.

Cough
The majority of individuals never cough and yet

suffer no disability in the respiratory tract, owing to
the protective action of cilia. When a foreign body
tends to enter the larynx or actually passes into the
trachea cough may be valuable for ejecting the intruder;
but the initial deep inspiration can be a danger by
drawing the object, especially if it is light, still deeper
into the bronchial tree. When a foreign body is lodged
in a bronchus cough may have little or no effect, because
the sudden expiratory effort is accompanied by contrac-
tion of bronchial musculature, which firmly grips the
object; instrumental removal is required.

Plugs of viscid secretion can often be removed by
cough, but here again partial or complete muscular
closure of bronchi or bronchioles tends to prevent
effective clearance, particularly in asthma.

Exchange of Fluid iB the Respiratory Tract
It is impossible in a short communication to discuss

this subject in detail, since it is one of considerable
complexity.

It is essential for the exchange of oxygen and carbon
dioxide between the air in the alveoli and the blood in
the pulmonary capillaries that the air should be saturated
with moisture at body temperature. Water vapour is
derived in varying amounts from the external atmo-
sphere according to the degree of relative humidity;
part comes from transudate and some from serous and
mucoid glands and goblet cells, but there are none of
these in the atria, air-sacs, or alveoli, and in consequence

SEPT. 16, 1961
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728 SEPT. 16, 1961 PROTECTION OF RESPIRATORY TRACT BEDICMJOURNAL
the moisture for these terminal cavities enters by
diffusion of air. The amount from each source depends
on hydrostatic pressure, on osmosis, and on the activity
of secreting cells.
To the water covering the epithelium mucin

is added in varying amount, and attention must be
directed to this substance. Its presence is of help to
ciliary action by giving viscosity to the mucoid blanket,
as Proetz has described it; but, though cohesion assists
the drag of cilia from a distance, mucin is not essential
for ciliary action. Cilia, in fact, work more vigorously
in a watery medium, as seen in animalcules suchf as
Paramoecium. But mucin, a polysaccharide insoluble
in water, provides a waterproofing covering to the
epithelial surface. This action may be observed in eels,
whose thin and flexible skin is covered with viscid
mucus. If this slimy covering is removed the fish will,
if replaced in fresh or distilled water, take in so much
fluid by osmosis as to swell up and die.
The lamellae in the olfactory recess of a fish such as

the carp are provided with very many goblet cells, no
doubt designed to waterproof the permeable olfactory
epithelium (Special Plate Fig. 3).

In the respiratory tract the purpose of a mucoid
blanket appears to be similar-to control outward
transudation and inward osmosis through the thin and
permeable epithelium, while at the same time allowing
ciliary action to continue and also permitting passage of
olfactory molecules.

In bronchitis excessive collection of fluid in the
smaller bronchioles, probably as a result of irritating
substances, interferes with respiratory exchanges; in
association with this tendency to flooding there is
considerable increase of goblet cells, apparently as a
well-intentioned effort at protection. But increase of
goblet cells entails reduction of ciliated cells, with the
result that viscid secretion fills the lumen of the
bronchioles and is not removed by ciliary streams.

In asthma a similar process occurs, no doubt
dependent in part on increased permeability of cell
membranes in an allergic state, with a coincidental rise
of pH.

Permeability of cell membranes is influenced by the
presence of calcium, a deficiency of which facilitates
transudation and osmosis. Administration of calcium
gluconate together with dilute hydrochloric acid may be
of advantage, especially in cases of nasal allergy, in
reducing oedema.

Conclusio'n
An attempt has been made to show how various

evolutionary changes have affected the protection of
the respiratory tract of man; these changes, though
detrimental to the preservation of health, have been of
great advantage in facilitating speech and thereby the
development of man's intellect.

A plaque commemorating Dr. Marie Stopes has been
unveiled at the entrance to Norbury Park Mansion, Dorking,
once her home, on behalf of the Royal Society of Literature.
The plaque says: "This house, built for William Lock in
1774, was for many years a favourite resort of Fanny Burney
and was from 1934 to 1958 the home of Marie Stopes,
scientist and author. By her it was bequeathed to the Royal
Society of Literature. The society, of which she was a
fellow from 1913 to 1958, has caused this plaque to be
erected in her memory and in token of gratitude."

INTERFERENCE PATTERNS
ENCOUNTERED WHEN USING

ATTENUATED POLIOVIRUS VACCINES
BY

J. H. HALE, O.B.E., M.D., M.R.C.P.

L. H. LEE, M.B., B.S.

AND

P. S. GARDNER,* M.D., Dip.Bact.
Regional Public Health Laboratory, Newcastle upon Tyne,
and the Department of Bacteriology, University of Malaya

An account has already been given (Hale et al., 1959;
Knowelden et al., 1961) of a trial of Sabin live polio-
virus vaccine type 2 in Singapore during the type 1
epidemic of 1958. It was shown that the number of
patients who developed paralytic poliomyelitis less than
eight days after vaccination was close to that expected
from the rates in unvaccinated children, whereas the
number of cases which occurred later was lower than
the expected number. During the trial we took the
opportunity of studying the interference effects between
the vaccine strain and the epidemic strain and also
between the vaccine strain and other existing entero-
viruses.

Recently a further study of Sabin attenuated vaccine
types 1, 2, and 3 took place under the auspices of the
Medical Research Council. Children from Newcastle
upon Tyne co-operated in this study, and we were
presented with a further opportunity of observing
interference effects.

SINGAPORE TRIAL
The schedules of vaccinatiop and laboratory pro-

cedure have previously been described (Hale et al.,
1959).

Effect of Type 2 Vaccine Strain on Type 1
Epidemic Strain

Fig. 1 shows the days after vaccination, when clinical
cases of poliomyelitis due to the type 1 virus occurred
among children who had received the type 2 vaccine.
Eight cases occurred within eight days of vaccination,
and, as is shown later, these were in children already
incubating type 1 infection when given the vaccine.
There were two other cases in vaccinated children, but
these cannot be included in the analysis, since vaccine
was given to one who was actually paralysed and to
the other after the onset of illness.
No cases occurred in children between 8 and 19 days

after vaccination; it is during this period that multi-
plication of the vaccine strain in susceptible cells of
the alimentary tract takes place and maximum inter-
ference effect would be expected. Paralytic cases that
occurred later were probably instances of type 1
infection breaking through the heterologous type 2
protection acquired as a result of previous infection
induced either naturally or by vaccine.

Effect of Type 1 Epidemic Strain on Type 2
Vaccine Strain

The eight cases of type 1 clinical disease that occurred
within eight days of vaccination are presented in Table I.
*Now at the Department of Bacteriology, Royal Victoria

Infirmary, Newcastle upon Tyne.
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