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Introduction
In health the nose is the first part of the respiratory

tract to receive the impact of air from outside, and
the structure of the nasal mucous membrane is well
adapted to respond to some of the changes in the
composition and properties of this air. The
response consists in part of satur-
ating the inspired air with water
vapour, and adjusting its temper-
ature to that of the body; it also is
instrumental in holding up particu-
late matter, and preventing a good
deal of it from reaching the re-
mainder of the respiratory pathway
and lungs. If the air is cold it
is warmed before it reaches the
lungs, and for this reason the nasal
mucosa is endowed with a high
degree of vascularity, being rich not
only in capillaries, but also in an
abundance of arteriovenous
anastomoses, in virtue of which it
is capable both of rapid engorge-
ment and of equally rapid shrinkage.
If the inspired air is dry it is
moistened as it is drawn through the
nose, but the mechanism of this
moistening is somewhat obscure.
Though the nasal mucosa is rich in
mucous glands, the moistening of
the air requires not a mucous but a
watery secretion or possibly transud- FIG. I( 50).-
ation. The secretion of the healthy fig. 2. Th4
mucous membrane does in fact con- the larger 1

tain very little mucus, and it requires to the wall!
an abnormal irritant to evoke the then photc
full mucous secretion of which the both aspec
nasal epithelium is capable. turbinate h

Particulate matter is to some
extent held back by the nose, partly by the
hairs in the proximity of the external nares,
partly by the adhesive properties of the moist
surface of the mucosa, the adherent particles
being subsequently removed by increased secretion

and ciliary action. If the particles are inani-
mate, for example, soot particles in a fog, this
mechanism is fairly adequate. But if the particles
are animate, such as viruses or bacteria, then if they
are pathogenic they can invade the mucosa and
multiply in it. Once they have invaded the mucosa,

Al
-One of the turbinate bones from the same specimen as
e smaller vessels are completely filled with ink, whereas in
vessels the lumen is almost empty, and the ink has adhered
s. The line marked A ends in one of these larger vessels.
ite bone has been cleared by the Spalteholtz technique, and
graphed by transmitted light. The plexus is present on

ts of the bone, but in the top left hand corner, where the
as been cut obliquely, the plexus on one side only is seen (B).

virus particles or bacteria can spread throughout its
extent, and in this way may reach the accessory air
sinuses, the lacrimal apparatus and eye, or the
middle ear. But apart from this superficial mode
of spread. infective particles may penetrate more
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ARCHIVES OF DISEASE IN CHILDHOOD

A = Olfactory bulb.
B = Roof of nasal

cavity.
C = Cribriform plate.
D = Ink following the

path of an olfac-
tory nerve
bundle.

E = Accumulation of
ink round the
terminal part of
an olfactory
nerve bundle.
possibly an
extra vasation.
since the injec-
tion was made
under raised
pressure.

F = Submucous lym-
phatic plexus in
various turbinate
bones.

G = Nasal septum.

FIG. 2 ( lO).-Coronal section through the roof of the nose in a cat which had received under raised pressure an
injection of indian ink into the cranial subarachnoid space. This shows the pathway taken by ink from the
interior of the cranium to the submucous lymphatic plexus of the nose and the cervical pathway.

deeply and enter the submucous tissues. From the
submucosa, viruses and bacteria can spread not only by
direct extension, but also more rapidly and further
afield through lymphatic and blood vessels, as well as
along the paths provided by bundles of nerve fibres.
The submucous lymphatic plexus of the nose is

unusually well developed. When a richly vascular
area is subjected to rapid changes in its vascularity,
and when, furthermore, its blood vessels are
frequently exposed to such varying degrees of
irritation, with consequent increase in the perme-
ability of their endothelium, it is not surprising that
there should on occasion be a rapid outpouring of
fluid in its tissue spaces, giving rise to swelling and
oedema which are not to be confused with vascular
engorgement, though the two frequently co-exist.
In the narrower respiratory passage of infancy, a
relatively small amount of oedema will suffice to
cause appreciable obstruction to the flow of air.
Since it is important that the respiratory passages
should be kept as clear and unobstructed as possible
it is to be expected that a rich lymphatic plexus
should be present in the submucosa, to facilitate
rapid clearance of this oedema fluid. Fig. I
illustrates the submucous plexus from one of the
turbinate bones of a cat's nose, after injection with
indian ink. From the point of view of illustrating

the nature and density of the plexus, it is immaterial
that this particular injection was made under
pressure from the cranial subarachnoid space (fig. 2).

The Lymphatic Pathway
The rich submucous lymphatic plexus is drained

by a well-defined lymphatic pathway, which can be
demonstrated with great ease and in a most con-
vincing manner by the instillation into the nose of a
solution of vital dye (Yoffey and Drinker, 1938).
Trypan blue is perfectly satisfactory, though Evans
blue (T-1824), an isomer of trypan blue, is even
better because of its more intense colour. The
vital dye traverses the living mucous membrane and
then enters the submucous lymphatics, whence it is
drained by a number of collecting trunks descending
from the posterior and lateral walls of the naso-
pharynx. These converge as they descend, and in
most mammals drain into a single large lymph
gland, close to the upper end of the intemal jugular
vein. From the lower end of this gland a single
efferent vessel emerges, the deep cervical duct, or
jugular trunk. This descends in close proximity to
the internal jugular vein, and ends by opening on the
right side into the right lymph duct, on the left side
into the thoracic duct. The arrangement in the
monkey (fig. 3) and man is essentially similar, except
that the course of the lymph is interrupted by a chain
of six or more small glands instead of a single
large one.
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THE NOSE AND CEREBROSPINAL LYMPH STREAM
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ARCHIVES OF DISEASE IN CHILDHOOD

quantities of air, is the one adopted when dealing
with air about whose qualities one is in doubt.

Because of its position outside the main inspiratory
current, the olfactory mucosa is far less prone to
primary infection, and in fact is usually sterile;
furthermore, it does not require the same degree of
vascularity as the rest of the nasal musoca, so that
it tends to be somewhat pale, with a yellowish tinge.
In expiration, rather more air may reach the roof
of the nose than in inspiration, the air being
propelled upwards by the

and lymph capillaries; the larger the molecule,
the greater the lymphatic absorption and the less
the absorption into blood capillaries.
Up to a point, experimental work bears out this

concept. If the nose is irrigated with normal
saline, there is certainly very little absorption via the
lymph stream (McCarrell, 1939), though curiously
enough distilled water causes a marked increase in
the cervical lymph flow, which at the same time
shows evidence of water absorption in the form of

drawn through the lower part
of the nasal cavity by suction
at the posterior nares. But it
is air which is already
moistened and warmed, and
freed from its particulate
matter. The direction of the
expiratory air current is indi-
cated in fig. 4 by broken
arrows. In the newborn infant
(fig. 5) the vertical depth of the
nasal cavity is much less, and
the posteriornares are narrower
not only absolutely, but also
relatively, so that presumably
even inspired air has access to
the superior meatus.

Absorption through the Nasal
Mucosa

T'he- n 2cC2re nf infpetiivp
matter through the nasal
mucosa isa special and peculiar FiGs. 4 and 5.-The
instance of a much wider adult (fig. 4), ar
problem, namely that of the air current i
absorption through themucosa. arrows expiratio
At the commencement of verte- t1he inspirato
brate evolution, in fishes, the olfactory area, t
nose was part of the alimentary the nose is kel
tract, and nose and mouth (3) on powerful E
formed a singlecavity. Though In the infant, a
at a later period the develop- eddies through t
ment of the palate came to much more mark
prevent ingested matter from
coming into contact with the nasal mucosa, the
latter has still retained certain powers of absorption.
As with the remainder of the alimentary canal,

the first barrier to be passed by substances under-
going absorption is the mucous membrane itself,
for the most part ciliated and columnar. It is
perhaps to be emphasized that in the opinion of
most observers the mucous membrane is a con-
tinuous layer, and does not possess the stomata
described by Baum and Trautmann (1925-26). Once
substances are through the mucous membrane, they
are in close proximity to both blood and lymph
vessels. Here one would expect that simple
crystalloids and water could be readily absorbed
through the blood capillaries, while somewhat
larger molecules could be absorbed by both blood

lateral wall of the nose (about half natural size) in an
id a newbom infant (fig. 5). The probable direction of
s indicated by arrows (solid arrows=inspiration, broken
on). In fig. 5 only the inspiratory current is shown.
ry air current is confined in the adult to the lower
le nose, while the expiratory current reaches the upper
vhich may also be reached (1) by diffusion if the air in
pt still: (2) following slight movements of the palate:
and deep inspiration.
part from the diminished vertical depth, the development of
he inspired air impinging against the sphenoid is probably
ced than in the adult.

diminished protein content. Presumably the protein
and salts in the submucous connective tissue attract
water by osmosis, and then most of the water is
absorbed into the blood, while relatively small
amounts enter the lymphatics. This last point is
one which is worth emphasizing, since the lymphatic
system generally is only capable of handling small
amounts of fluid.

Reference has already been made to the absorption
of vital dyes after nasal instillation. It may further
be noted that the dye passes through the mucosa
within a few minutes and then appears in the
cervical lymph, through the mnedium of which it
finally reaches the blood stream, though some can
also be absorbed directly into the blood capillaries.
The total amount of dye absorbed is not very great,
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THE NOSE AND CEREBROSPINAL LYMPH STREAM
even though the cervical pathway may be quite
deeply stained.
Whether proteins are absorbed after nasal

instillation depends upon their molcular weight.
Thus egg albumen (molecular weight 34,000) can be
redily detected in cvical lymph, serum albumin
(c. 70,000) usually appears in traces, whereas serum
globulin, as also horse serum, is never found in
cervical lymph after nasal instillation, and presum-
ably this is because it does not travers the mucosal
barrier (Yoffey et aL, 1938). For if once it got
through the mucosa it would be bound to enter the
lymphatis, as is the case with any subcutaneous
injection of serum.
The special prop of the nasal mucosa in

permitting the ready passage of T-1824 but not of
horse serum has been used to demonstrate that
when the dye is dissolved in horse serum the two
become firmly associated. A I per cent. solution
of T-1824 in normal saline, after nasal instillation,
readily passes through the mucosa and can be
identified in cervical lymph, but, if the dye is
dissolved in horse serum, none appears in the
lymph. However, if a 5 per cent. solution of dye
in horse serum is employed, some dye does appear
in the cervical lymph: presumably there is in the
stronger solution an excess of dye which is not
combined with the protein, and it is this uncombined
dye which is free to pass through the mucosa

Vinses an
Ascending the scale of particl sizes, we find an

essential difference between inanimate and living
particles. Thus indian ink partcls never penetrate
the healthy mucosa, wheras viruses and bacteria
may do so. This is more likely if one intxrodues
pathogenic bacteria or viruses into a sutable animal.

It has been shown, for example (Schultz et aL,
1938) that in the rabbit, which is very susceptible
to pneumococcal infection, type III pneumococci
readily traverse the nasal mucosa and appear in the
cervical lymph. It is clear, of course, that the path
taken by a highly virulent organism is determind
not merely by particle size, but by compicating
factors such as damage to the livmg mucosal and
other cells. In these experiments the pneumococci
were found in the lymph after it had already
traversed the main cervical lymph node and was
about to enter the blood stream The experimnts
thus bring out the fact that in the case of viulent
organisms lymph nodes do not constitute an
effective barrier to the passage of bacteia.
With regard to viruses, Yoffey and Sullivan (1939)

investigated the fate of vaccnia viru after nasal
instillation in rabbit and monkey. From the point
of view of Size, virus particles are too large to pass
through the mucosa. However, the virus can first
establish itself in the mucosa and propgte, until
presumably some invades the submucosa and then
enters the lymphatics. Twelv hours after nasal
instillation virus could readily be detected in
cervical lymph, in which it was found at any

subsequent period up to seven days after the primary
infection of the mucosa. In all probability it would
still have been detectable had the experiments
continued over a longer period. Since the naso-
pharynx is so readily invaded by many viruses, the
implications of these experiments are of considerable
interest. It is clear that, from a nasal infection, a
steady stream of virus can enter the blood and be
disseminated throughout the body. In fact, it is
diflilt to see how, unless a virus has a specific
tropism, this state of affairs could be avoided.
Presumably a cold in the nose always becomes a
generalized virus infection and is not liLpited to the
nose itself.
The free and continuous passage of virus through

the cervical lymph nodes is fundamentally diffet
from the passage of bacteria, and depends upon the
fact that the cytotropic virus paricles become
fixed to the cells of the lymph node. Most of these
cells are lymphocytes which are proliferating and
leaving the node to reach the blood stream. The
lymphocytes thus act as virus carriers and very
effectively di inate virus throughout the body.
As far as virus particles are concerned, therefore,
lymph nodes not only do not afford a barrier to their
spread, but on the contrary serve as a centre for the
spread of infection. Furthermore, since a small
number of lymphotes is continually escaping from
the blood capillaries to enter the connective tissue
and the lymphatic capillaries all over the body
(Yoffey and Drinker, 1939b), every lymph node in
the body is in a position to become infected and
serve as a further centre for virus spread. The same
sequence of events presumably occurs in Jennerian
vaccination, where enlargement and tenderness of
the regional lymph nodes are usually easy to observe.
The fact that the virus particles are carried by the
lymphocytes, and are not free in the lymph, can
readily be shown by centrifuging the lymph at low
speeds. The virus-containing lymphocytes are
thrown down, whereas the supernatant fluid does
not contain virus. The lymphocytes can be
repeatedly washed in saline without losing their
virus.

It must be emphasized, however, that the
lymphatic dimination of viruses cannot apply to
viruses with highly seific cytotropisms, for
example, the neurotropic.

The Nose and the Intedor of the Crnium
The roof of the nose is separated from the

interior of the cranium by a thin sheet of tissue,
namely the cribriform plate of the ethmoid bone,
with dura-arachnoid on its cranial aspect, and nasal
mucosa with submucous tissue on its nasal side.
The entire tissue mass is of the order of thickness
of 0 5-1 0 mm. in the adult and even less in the
infant, and would se:m to offer very serious
possibilities for the direct spread of infection,
through tissue continuity, from the nose to the
cranium. The work of Rake (1937) was perhaps
unnecesrily alarmist in this respect, particularly

A
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1ARCHIVES OF DISEASE IN CHILDHOOD
since, in the adult, air does not have access

to the superor meatus, which is usually sterile. In

the newbom infant the air with its bacteria has
readier access to the superior meatus. This fact,
in conjunction with the thinner and softer tissue
barrier, since the cribriform plate is not ossified
for some little time after birth, accounts no doubt
for the greater ease with which in the infant infection
may spread from the nose to the interior of the
cranium. Even in the adult crtain types of
infection are believed frquently to reach the brain
by this route. Among bacteria, one mayi
the menigococcus.
As far as viruses are concered, the specifically

neurotropic viruses were once thought to have in
the roof of the nose a particularly ready entry to
the nervous system. The free processes of the
olfactory nerve cells, projecting naked and unpro-
tected into the cavity of the nose, seemed to afford

an easy contact between neurotropic viruses and
nervous tissue, with rapid spread along the fibres
of the olfactory nerve, through the foramina in the
cribriform plate, and so via the olfactory bulbs and
tracts to the brain and spinal cord. It is indeed
not so very long since attempts were made to destroy
the olfactory nerve endings by droppmg tannic acid
into the nose, and producing thereby varying degrees
of permanent anosmia, in an effort to prevent the
dreaded virus of poliomyelitis from reaching the
nervous system. However, we now know that this
heroic sacrifice of one of the special senses was in
vain, since the portal of entry of the virus is else-
where, however plausible the hypothesis of olfactory
spread may once have sounded.
But if viruses or bacteria do not spread by direct

propagation along the individual nerve fibres, there
is theoretically another route open to them, namely
the spaces around the olfactory nerve bundles, and
between their constituent fibres.
The emerging bundles of the olfactory nerve are
rronded by a space containing cerebrospinal

fluid and continuous with the cranial subarachnoid
space. This perineural space is bounded by a thin
but definite condensation of connective tissue, which
accompanies the nerve as far as the submucosa,
where it ceases. This is opposed to the dassical
idea, according to which the pia mater was closely
attached to the nerve as it passed through the plate,
while the dura-arachnoid also passed through the
foramen to fuse just below it with the pia. In this
latter way there would be a wedge-like prolongation
of the subarachnoid space around the olfactory
eve (Yoffey and Drinker, 1939a) as opposed to the
newer concept (Field et al., 1948).

If an animal is and placed on its
back, a solution of trypan blue or T-1824 dropped
into the nose forms a pool in direct contact with
the mucous membrane immediately below the
criborm plate. The dye quickly passes through
the mucosa and enters the cervical lymphatic
pathway, but never reaches the interior of the

cranium, even though the animal is left on its back

for as long as six hours. Now, whereas these
colloidal dya do not find their way into the cranium,
a crystalloid such as potassium ferrocyanide readily
does so (Le Gros Clark, 1929). Yoffley and Drinker
(1939a) explained these facts by ass tinghat the
dura arachnoid sleeve had the properties of a
sem-permeable membrane through which there was
always a slight downward or centrifugal flow of
cerbrospinal fluid into the submucous tissue of the
nose. Colloids could not pass through this
membrane, whereas crystalloids could, and, if their
rate of diffusion was greater than that of the
centrifugal flow of cerebrospinal fluid, could easily
enter the cranium. On this basis it is clear that
crystalloids in the cerebrospinal fluid could very
readily find their way into the submucosa.
However, in view of the revised concept of Field

et aL (1948), this explanation needs to be modified
somewhat. The critical region is the distal part of
the olfactory nerve bundle, close to the mucosa,
where there is apparently free communication
between the submucous tissue spaces and the
perineural space, along which crystalloids or
coiloids (or for that matter even particles) could
ascend quite freely. But they would have to make
the passage against the current of cerebrospinal
fluid, and apparently it is only the cystalloids which
can do this, since their diffusion rate is greater than
that of the fluid.
What ofmovement in the reverse dicion, namely

from the cranial subarachnoid space down to the
nose ? In this case the movement is with the
current, not against it, and-it is not surprising that
not only crystalloids, but also colloidal dyes, can
pass from the cranial subarachnoid space to the
submucosa of the nose, and thence be carried away
by the blood vessels and lymphatics. This occurs
with great ease even if the pressure of the cerebro-
spinal fluid is kept within physiologial limits, and,
in fact, if dyes are used, it is the best of all methods
for delinating the entire nasal lymphatic pathway.

In regard to patculate matter, it has in the past
been generally accepted that within normal limits
of cerebrospinal fluid pressure, particles will not
pass from the cranial subarachnoid space to the
nose. -In the absence of information concerning
particle size, these statements are difficult to assess.
Recently, Field et al. (1948), found that, in the
rabbit, indian ink particles (average size 0 5!A) could
readily pass out of the aanium along the perineural
spaces of the olfactory nerve bundles, and also
track with great ease between their fasculi at
presures which were carefully kept within the
normal range.
The implication is that in any condition where

there are bacteria or virses in the cranial cerebro-
spinal fluid these may make their way to the nasal
.mucosa and the cervical lymphatic pathway, unle
inflammation obstructs the flow of fluid in the
perineual spaces. Bacteria might or might not be
held back by the lymph glands of the cervical chan;
but viue, unle ssessed of some very specific
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THE NOSE AND CEREBROSPINAL LYMPH STREAM

tr would pass through and infect th general
blood stream It was the frequent fin o vius
m the n l muosa which convinced so
many of the earlier workes on polilomyetis that
the nose must be the portal of entry. In the light
of our recet work, it is more likely that the virus
finds its way to the nose secondarily via the cerbro-
-inal flu4L

In considering absorption from the nasopharynx,
the question arises whether this p of the
mucosa can be put to any pr al use, or has any
consequences of clinical signifcance. The answer
seeM to be that while absorption d occurs
it is not on a large scale, and therefore only sub-
stance which are potent in small amoumts can have
any effect An excellent example is a substance
such as mecholyl (van Dellen et aL, 1937), evidence
of whose absorption is provided by the rapid
physiological resonse of the organism. The
clasicl stuies of BIumgart (1922) on pituitary
extact were followed by i te al
application ofthe fact ofnasopharyngeal absorption.
In animal experiments it is possible to isolate the
nasopharynx and ensure that it is the sole site of
absorption. In man, however, the use of a nasal
spray, as in the work of Peters and Alison (1929)
on the production of immunity to scarlet fever
toxin, introduccs the added complication of inhala-
tion and swallowing, so that one cannot be certain
that one is ling exclusively with absorption
through the nose.

In the case of prdteins, those of larger molecular
weight can be disregarded. To this class, unfortu-
nately, belong bacterial antibodies, conssting of the
globulins. Proteins of lower molcular weight,
however, even though absorbed in only small
amounts, may under certain conditions give rise
to very definite effects. For example, if sensitization
to a foreign protein has occrred, the absorption
of even slight amounts may cause severe anaphy-
lactic symptoms, either local, or general. Hay fever
would appear to be a case in point.
lTe absorption of toxins is not perhaps strictly

comparable with that of indffermnt substancs,
since toxins may have an injurious effect on the
mucosa and the endothelium of the capllaries,
whereby the process of absorption will be facilitated.
With this proviso, there is ample evidence to show
that diphtheria toxin can be absorbed in amounts
-sufficint to evoke a fair degree of immunity. In
this connexon one may cite the earlier work of
Dserzgowsky (1910) in the horse, and of Bumenau
(1911) in man. More recently, Fraser et al. (1940)
have eliited an antitoxin reonse to concentrated
diphtheria toxoid applied to the nasal mucous
membrane on small pledgets of absorbent cotton
wooL The pledget was placd between the anterior
end of the inferior turbinate and the septum, so that
apparently absorption must have been purely nasal.
As far as bactericidal substances are concerned,

twe is little direct eviden of t absorption.
But it is clear that if a molecule as large as that of
egg albumen can be absorbed without great diffiulty,
and because of its size pass into the cvical
lymphatic pathway rather than undego dict
absorption into the blood, then some of the news
antibiotics may possby find a use in dealing with
infections of the cervical lymph glands. The
determinin factor (apart, that is, from the propertie
of the antibiotic itself) is molecule size. If the
molecule is too absorptn will occur through
the blood vessels of the submucosa, and hardly any
via the lmphatics. What is needed is a molecule
whose siz will not be too great for it to pass through
the nasal mucosa, but will be too big for it to be
absorbed through the submucous blood vessels, so
that absorption can only occur through the cervical
lymphatic pathway. Tbe pecliar arrangement of
the cervical lymph glands in man, in the form of a
chain through each member of which the lymph of
the pathway must pass on its way to the blood,
seems to lend itself admirably to disinfection of the
entire chain if only the appropriate substance could
be introduced into the lymph flowing from the nose.

The C1ereb1o 1Fb and the NasI MAcrn
The passage of ink partices from the cranial

subarachnoid space, in the peineural spaces of the
olfactory nerves, sugst an appreciable centipetal
flow of crebrospinal fluid. We do not as yet
possess any quantitative data on this point. Weed
is ally credited with stating that 95 per cent.
of the Efluid was absorbed through the
arachnoid granulations and the venous siuse, and
only 5 per cent. would then be left for all other
channels of outflow, including the perneural spaces
of the olfactory nerves. I have been quite unable
to trace the source of the statent, or the evidence
on which it is based. But whatever the quantity of
fluid escaping this way, it is finally delivered close
to the nasal mucosa, in the olfactory area, and it
may well be that some of it passes through the
mucosa to reach its surface, and is mainly responsible
for keeping this region of the mucosa continually
moist. The is nothing intr y unreasonable
in this, for if molule such as egg albumen and
serum albumen can pass through the mucosa, then
water and crystalloids should cainly be able to
do so. The concept, if ubstantiated, would bring
us very close to the old Greek idea of the pituita.
But however attactive it may be, whether stifi
ally or historically, it is still hypothetcaL and lacks
clear imental proof.

It is a pleasure to acknowledge my indebtedns
to Dr. J. B. Brimrey for the preparation of figs. 3, 4,
and 5, and to Mr. J. E. Dann and Mr. J. E. Hancock
for the photographs.
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