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May I say first of all how much I have appreciated
being asked by your Association to give the George
Frederic Still Memorial Lecture. I did not know
Still but his record is. of course, familiar to me.
To be chosen to inaugurate the lectureship instituted
in Still's memory is an honour that I value very
highly. And that your choice should have fallen
on a laboratory worker gives me particular satis-
faction since it carries x ith it the assurance that
research of the kind that I have been doing. despite
its academic flavour, is not without its appeal to
those engaged in clinical medicine. It is perhaps
not surprising that our knowledge of the viruses
should have lagged behind that of the pathogenic
bacteria or protozoa. The minute dimension of
viruses. the difficulty with which they stain and the
fact that thev cannot be cultixated on lifeless media
all contribute to making their study one of consider-
able difficulty. Despite the fact that the existence
of such agents of disease was established in the
nineties of last century by the work of Ivanowsky.
Beijerink and Loeffler and Frosch. we have had to
wait until recent times for any real advance in our
knowledge of viruses. Prior to 1930 it was doubted
whether even the largest x-iruses were visible with the
microscope: those w ho held that this was possible
were looked upon as somewhat misguided. And the
same hesitation to accept what appeared most
probable to some investigators was manifested by
the majority in connexion with the immunological
side of virus work. Whilst it was recognized that
specific antibodies were elaborated in the course of
virus infections. the r6le of these antibodies was
relegated to one of very minor importance. It was
held that, contrary to what had been found true of
bacterial infections, immunity to a virus could only
be established by infection: dead or inactive vaccines
were useless for the purpose. Virus immunity was
thought to be primarily a function of cellular
change, a tissue immunity in which antibodies had
little or no part and those in vxitro serological
reactions such as precipitation. agglutination and

* SeeP. 15.

complement fixation, were considered inapplicable
to virus study. There was, no doubt, a grain of
truth in this, but in the main it was the outcome of
misconceptions which the work of the last fifteen
years has swept away. We now know that viruses

can be seen or photographed: the larger ones are

readily visible with an optical system similar to that
in daily use in bacteriology. They can be cultivated
in the laboratory, many of them with considerable
ease. Even though they require living cells in which
to multiplv. the use of the developing hen's egg. a

conception that we owe to the American pathologist
Goodpasture, has provided a method of cultixation
suitable to a large range of viruses which is within
the reach of even the most modest laboratory.
The serological reactions, and the complement
fixation test in particular. are no longer considered
inapplicable to viruses. in fact they are in daily use

in the identification of viruses and the diagnosis of
xirus infections. Laboriously we have climbed to
new vantage points. A new country lies before us

which we have started to explore and it is my purpose

in this lecture to tell you something of what we are

finding. Obviously it would be impo,,ible in the
course of an hour adequately to survey all recent
irus work: were I to attempt such a sur ey it
would become little more than a catalogue. So I
have decided to limit myself to a consideration of
the recent work on three virus conditions: atypical
pneumonia. herpetic infections and poliomyelitis.
All this work is of considerable interest and of
practical importance. furthermore, it exemplifies
many of those advances to which I have already
made general allusion.

Atypical Pneumonia
During the last three or four years the condition

known as primary atypical pneumonia has been
much in evidence here and elsewhere. In this
country it has occurred in small epidemics both in

the civilian population and in the services. The
patient presents, with fever, headache. a non-

productive cough and with little in the way of
113I
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ARCHIVES OF DISEASE IN CHILDHOOD

physical signs in the chest. Skiagrams of the chest
reveal a patchy pneumonia giving shadows of little
density which may be lobar in extent. Bacterio-
logical investigation of the sputum gives us in-
formation of negative value only, the total white
count is normal or there may even be a leucopenia
and since, in addition to these findings, the patient
does not usually show any response to treatment
with sulphapyridine, it has been assumed that the
causal agent or agents belong to the group of viruses.
Some workers have suggested that this is a new
disease but it seems clear that the condition existed
prior to the war though cases of it were then less
numerous. The war conditions have favoured its
spread; outbreaks have occurred in most parts of
the country and our attention has been focussed on
a condition to which in the past scant attention was
paid since it was seen so infrequently. It is neither
new nor is it due to a single cause, in fact the
evidence available suggests that quite a number of
different viruses are capable of producing this
condition. Of these, the virus of psittacosis is the
best known and most studied and although it
appears to be responsible for only a relatively small
proportion of cases of atypical pneumonia, I pro-
pose to speak of it first because of the many interest-
ing facts which recent work on this virus has brought
to light.

Psittacosis. In human cases of psittacosis, in-
fection enters by the respiratory tract and in a
considerable percentage of the clinically obvious
infections, some degree of pneumonitis occurs. As
in any infective process, the laboratory investi-
gation of psittacosis should be directed primarily to
the isolation of the causal agent and this can be
achieved by the inoculation of mice with sputum.
Not uncommonly, however, this investigation is not
possible owing to an absence of sputum which is
hardly ever profuse in this disease; or the investi-
gation. though made, may give a negative result.
In such cases one has to rely on the indirect evidence
of infection given by serological tests with the
patient's serum and of these tests the complement
fixation reaction is the most satisfactory. Eight or
nine years ago when at the London Hospital, we
were beginning to use this test in the diagnosis of
psittacosis (Bedson, 1935) the antigen employed was
an unheated saline suspension of virulent mouse
spleen; the virus was present in a fully active state.
That antigen has now been replaced by one which
is not only more reliable but also perfectly safe to
use. It was found (Bedson, 1936) that this virus
contained at least two important antigens, one heat
labile, being destroyed by temperatures above 60- C.,
whilst the other could withstand boiling (table 1).
As the result of infection antibodies to both the
heat-labile and heat-stable antigens are produced,
the latter in considerably greater quantity. And
although we do not know what part, if any, these
antibodies to the heat-stable antigen play in the
immunity to psittacosis virus, they constitute a
reliable index of infection. This work has a dual

importance. It has supplied us with an antigen
which keeps unchanged for months or years and one
which can be employed without risk of infection.
In addition it has shown that a virus, like a bacterium,
can be antigenically complex. The virus of psitta-
cosis is not unique in this respect, in fact it is now
known that many of the larger viruses have this
complexity of structure. Not only do they look like
miniature bacteria, but they are bacteria-like in their
construction. When the virus of psittacosis was
first discovered it was believed that its natural hosts
were birds of the parrot family. It was recognized
that other species of birds such as the canary and
various finches were susceptible and might even be
responsible for human infection, but until recently
psittacine birds were held to be the sole reservoir of
infection and the embargo on the import of parrots
and parrakeets, instituted in 1930 in an attempt to
control the disease in this country, was based on this
assumption. Subsequent work has shown this to
be incorrect. In 1938 cases of atypical pneumonia
which had been occurring for some years in the
Faroe Islands, were shown to be due to a virus
identical with or very similar to psittacosis, infection
coming from fulmar petrels which the Faroe Is-
landers used as a source of food (Haagen and
Mauer, 1939). A year or so later similar infections
in Iceland were traced to the same source (Bedson,
1940). This demonstration that two such dissimilar
species of bird as the fulmar and parrots suffered
from naturally occurring infection with this virus
suggested that, quite possibly, the disease was much
more widespread in birds than had at one time been
thought. And this has been found to be the case.
Recent work has shown that the pigeon may carry
the infection (Coles, 1940; Pinkerton and Swank,
1940) and be the cause of human cases (Meyer,
Eddie and Yanamura. 1942). A survey of the
pigeon stocks in America has shown this infection
to be widespread (Meyer, Eddie and Yanamura,
1942) and since it appears that a similar state of
affairs exists in this country (Andrewes and Mills,
1943) human infections contracted from pigeons can
be expected to occur, in fact there is some evidence
that they do. Meyer and Eddie (1942) have also
described a case of psittacosis in the wife of a
poultry farmer in New Jersey whose stock had been
suffering from an unknown epidemic disease subse-
quently shown to be psittacosis. So there is ample
evidence that a considerable number of bird species
suffer from a natural infection with this virus so
much so that Meyer has suggested that the name
psittacosis is no longer applicable and should be
changed to ornithosis. Since Baker (1942) has
recently described an infectious pneumonia in cats
and kittens in America due to a psittacosis-like
virus, an infection, apparently, which can be trans-
mitted to man, it looks as though even the term
ornithosis might not be sufficiently all-embracing !
Be this as it may the fact remains that the host range
of psittacosis is very much more extensive than
any one imagined ten years ago and the practical
significance of this is that contact with birds of the
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THE FIRST GEORGE FREDERIC STILL MEMORIAL LECTURE 115
TABLE 1

ANTIGENIC COMPOSITION OF PSITTACOSIS VIRUS AS DETERMINED BY COMPLEMENT FIXATION

Serum * Antigens

TreatmentDlution Psittacosis t Normal mouse spleen
Treatment Dilution Saline

Unheated Boiled Unheated Boiled
Saline

1/16

1 32

TN-i I 1/64

I ]/128 --1128
1/256

1/16

1 /32
Absorbed with unheated 1/64

antigen ____________________________ _____

1,/128

1/256

1/16

1/32 __

Absorbed with boiled 1/64
antigen 1/64

1/128

1 '256
Saline

* Psittacosis antiserum prepared in the guinea pig. t Prepared from the spleens of infected mice.
Readings made after 30 minutes at 37- C. (upper) and again after standing overnight at room temperature (lower).
Degree of complement fixation indicated by -signs,-- representing complement fixation.
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FIG. 1.-Imprint from spleen of mouse 48 hours after FIG. 2.-Imprint from spleen of mouse made at same
intra-peritoneal inoculation of a highly virulent stage of infection as in Fig. 1. Shows an intra-
mouse-passage strain of psittacosis virus. Shows cellular cytoplasmic colony of psittacosis virus
numerous free virus particles which are all in the composed of elementary bodies.
stage of elementary bodies. Giemsa's stain. x 1800.

Giemsa's stain. x 1800.
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FIG. 3.-Imprint from spleen of mouse killed 24 hours
after inoculation with the virulent passage strain of
psittacosis virus. Only a portion of the virus is in
the form of elementary bodies, larger forms are
numerous and some of these appear to be dividing.

Giemsa's stain. x 1800.

FIG. 4.-An intracellular colonv of psittacosis virus in
the spleen of a mouse killed 24 hours after in-
oculation.

Giemsa's stain. -1800.
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FIG. 5.-Imprint from spleen of mouse killed 16 hours

after inoculation. No elementary bodies are found
at this stage: the virus particles are all large.
Shows a group of free large forms, one or two of
which appear to be undergoing division.

Giemsa's stain. ,^ 1800.

parrot family is no longer an essential forerunner
to the suspicion that a patient's illness is psittacosis.
It should be pointed out that the strains of psittacosis
virus isolated from these different sources, though
showing some minor differences in their patho-
genicity for experimental animals-the mouse and
pigeon in particular-are morphologically and
antigenically indistinguishable.

Relationship of psittacosis virus to other viruses
with a similar morphology. Interesting though this

FIG. 6. Imprint from spleen of mouse killed 16 hours
after inoculation. Shows an intracellular colons- of
psittacosis virus composed of large forms.

work on the host range of psittacosis may be. the
recent investigations on the relationship of this
virus to other viruses of similar morphology are
even more interesting and important. Psittacosis
virus is one of the largest viruses, it stains readily
with the method devised by Castanieda for the
rickettsia and during multiplication undergoes a
definite sequence of morphological change (fig. 1
to 6). Certain other viruses causing disease in man,
the viruses of trachoma, of inclusion conjunctivitis
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FIG. 7.-Conjunctival cell in smear from a case of
inclusion blennorrhoea. The cell contains five virus
colonies all composed of large forms.

Giemsa's stain. - 1800.
(Preparation bv Dr. Phillips Thygeson, Iowa State

Universitv.)

FIG. 9.-Conjunctival cell in smear from case of in-
clusion blennorrhoea. The virus is in the form
ofelementary bodies and the cell, which is degenerate,
is about to break down with the liberation of the
virus particles.

Giemsa's stain. 1800.
(Preparation by Dr. Phillips ThN-geson, Iowa State

Universitv.)

(sw imming-bath conjunctivitis) and of lympho-
granuloma venereum have the same morphology
and staining characters: they also show the same
developmental forms as psittacosis (fig. 7 to 9).
Since all these viruses stain by Castanieda's method.
whereas other viruses do not, they might be termed
the Castanieda-positive viruses: this staining method
has a somewhat similar value to Gram's stain in
bacteriology. In addition to the viruses I have

FIG. 8.-Conjunctival cell in smear from a case of
inclusion blennorrhoea. The virus particles are of
intermediate size.
Giemsa's stain. , 1800.

(Preparation by Dr. Phillips Thygeson, Iowa State
University.)

mentioned the Castafieda-positive group includes
two others recently isolated from man: the virus
of meningo-pneumonitis of Francis and Magill
(1938) and the virus isolated by Eaton, Beck and
Pearson from cases of atypical pneumonia (1941).
The former virus appeared in ferrets inoculated with
the throat washings from a case of ' influenza,' its
name is merely descriptive of the pathological
changes to which it gives rise when injected into
experimental animals by the appropriate routes.
Eaton and his colleagues noted the similarity between
their virus and the virus of meningo-pneumonitis;
three of the six cases of atypical pneumonia studied
by them gave a positive psittacosis complement
fixation test and in two of them a rising titre was
observed. In all probability the virus of meningo-
pneumonitis and Eaton's atypical pneumonia virus
are strains of psittacosis virus of pigeon origin.
But the close resemblance shown by other members
of the Castaneda-positive group to psittacosis virus
has induced Rake and Eaton and their colleagues to
see whether this resemblance was only superficial or
whether it denoted any real relationship. It was
found (Rake. Eaton and Shaffer, 1941; table 2) that
the sera from human infections with the viruses of
psittacosis, lymphogranuloma venereum and the
virus isolated by Eaton et alia from atypical
pneumonia all cross-reacted when examined by the
complement fixation test with these three viruses.
Furthermore they showed that five out of eight of
the cases of atypical pneumonia under investigation
gave a positix-e Frei test (see table 2). The close
relationship thus revealed between these three
viruses found further confirmation in cross-im-
munity experiments in animals (Eaton, Martin and
Beck, 1942). This investigation, which included in
addition to the above three viruses the virus of
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ARCHIVES OF DISEASE IN CHILDHOOD
TABLE 2

(From Rake, Eaton and Shaffer, 1941)
CROSS REACTION IN COMPLEMENT FIXATION TESTS WITH SERA AND ANTIGENS OF

PSITTACOSIS, MENINGOPNEUMONITIS AND LYMPHOGRANULOMA VENEREUM

Complement fixation titre with antigen from N-irus of

Serum Case Meigpe- Lympho-SerumCasePsittacosis Menigopneu granulomamonitis venereum

L.G.V. No. 9 Lymphogranuloma venereum 16 >20
L.G.V. No. 31 I. . ,, 2
L.G.V. No. 45.. .. , , 4 > 120
L.G.V.No .. .. ,, > 120
L.G.V.No.. .. ,, ,, 256 >120
L.G.V. No. 66. .., ,, 128 120
Ps. 7 . . . , >240
P's. I I . .. ., -7 >240

Rs .. . ., ,8 16

Pu . . . ,, 32 32
A.R. 11 .. .. .. Psittacosis 480*
A.R. 13.. .. .. ,, -- 240*
A.R. 18.. .. .. ,, 20

Ps.I .. .. .. ,, (pigeon) -< !

3 " " 120
4 .. .. .. ,, > 240

.. .. .. ., __ 480
8 .-- >1920

9 .. .. .. ., 240
6 .. .. .. Pneumonitis 2- 20

B t .. .. .. ,, 256 32 64
P t . . . ,64 16 32*

Da . .. . ,,32 8 30

Gu . . . ,,8 30

Rod. .. . .4 8 6
MG. . ,, 256 16 32
LC. . .. . ,,32 4

St +
+ 16 16

Mi . 64 32

Mey t . . . ,,8 32

Jo~ .. .. .. 64 16

Mat.. .. .. 88
Ra t . . , 16 32
Gr t .. . 8 8

W.P.M. t . Contact with pneumonitis 0 0
M.D.E. .. .. ,.. ..0 0
O.B. t .. . 0 0

* Fixation also with soluble antigen of lymphogranuloma venereum.
* Frei test negative. - positive.

meningo-pneumonitis, showed that whilst the trachoma
immunity conferred by previous infection was implicatior
greatest against the homologous virus, there was a portance. I
considerable degree of immunity to reinfection with that the s
the heterologous viruses. But this is not all. relied in tI
Rake, Shaffer and Thygeson (1942) have found that cosis and
this relationship extends even to the viruses of their spec
trachoma and inclusion conjunctivitis, for sera from merely en
cases of these diseases have fixed complement with a dealing wil
lymphogranuloma venereum antigen (table 3). and more I
Thus it appears that all the Castaneda-positive to be inte
viruses are related. How close this relationship epidemiolh
may prove to be we cannot say as yet, but it is loses mucd
sufficiently close to suggest that all these viruses academic
have a common ancestry and that the specific relationshi
differences which they possess have been acquired granuloma
by prolonged residence in a particular animal junctivitis
species or a particular tissue, as in the case of the from a co

t Frei test positive.
-- strongly positive.

and inclusion conjunctivitis viruses. The
ns of this work are of considerable im-

From the practical point of view it means
serological reactions on which we have
he diagnosis of such conditions as psitta-
lymphogranuloma venereum have lost

ificity; a positive and rising reaction

ititles us to the conclusion that we are

ith infection with one of a group of viruses
than ever the laboratory findings will have
erpreted in the light of the clinical and
ogical findings. Similarly the Frei test

h of its specificity. Viewed from the more

angle the demonstration of the close
vip of the viruses of psittacosis and lympho-
a venereum, trachoma and inclusion con-

with the suggestion that they are derived
mmon ancestor, is no less interesting. It
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TABLE 3
(From Rake, Shaffer and Thygeson, 1942)

RESULTS OF COMPLEMENT FIXATION TESTS WITH LYMPHOGRANULOMA VENEREUM
ANTIGENS AND SERA FROM CASES OF TRACHOMA OR INCLUSION CONJUNCTIVITIS

Eye infection

Patient Institution

Serum titre in complement
fixation tests t

vs. Lg. V.

Stage + Duration Elementary Soluble+ ~~~~~~bodies antigen

Ga .. .. E.. III > 10years 6
E.B. I.. .. ,, a 6 months ? 60 30 Negative
M.St . . ,, III > 5years 30 15
L.Z .. . . ,, III > 6,, 15 6

R.R....,III j > 5 , ,< 6 ' 15
L.C. .. .. ,, III > 10 ,, 30 15
D'A. .. .. ,, III > 15 15 30
F.S. I. .. ,, " < 6 6
Y..S.... .. ,, IV 6 Negative
S.U. . ,, IV 6
M.T. .. .. ,, IV 15
We. .. .. IV 15 -
V.B. .. .. I 6 6

N.G. " Ila < 6 < 6,
J.L. .. .. ,, III <15 15
C.G .. .. ,Ia < 6 < 6
E.P .. . . ,, III 6 15
S.S. .. .. ,, III 15 6
H.S. .. I,, la 15 1 5
St.V. .. .. E.I. Inclusion conjunct. 3 weeks 60 -
G.D... .. ,, ,, ,, 2,, 6 6

* The serum from 6 other feeble-minded trachomatous patients in the same cottage in institution L' were tested
but were either anticomplementary or gave non-specific fixation with the antigen controls prepared from normal
yolk-sac.

t Fixation 1 hours at 37' C. - overnight at 2- C.
+ MacCallan's classification: Stage I, incipient trachoma, stage II established trachoma, Ila follicular hypertrophy

predominant, Ilb papillary hypertrophy predominant, III cicatricial trachoma, IV arrested trachoma.

is true that such a thing is not unique in the virus
world since the same appears to be the case with the
pock viruses. None the less it serves to emphasize
a state of affairs with which we are familiar in the
bacteria and other micro-organisms and it is surely
further evidence of the micro-organismal nature of
viruses.

Response of viruses to sulphonamides. In this
respect the behaviour of some of the Castanieda-
positive viruses to sulphonamides is of interest.
The available evidence goes to show that the action
of these drugs on bacteria is indirect; they compete
with a bacterial enzyme for an essential metabolite.
The viruses of trachoma and lymphogranuloma
venereum appear to be susceptible to sulphon-
amides and although it is stated (Meyer and Eddie,
1942) that infections with psittacosis virus do not
respond to this form of chemotherapy, I have seen

two cases treated with sulphapyridine and one with
sulphadiazine in which a dramatic response was

obtained. But even though the question of the
susceptibility of psittacosis virus to sulphonamides is
still in doubt, the fact that two viruses of this group
do respond to these drugs is of considerable interest,
for, unless the sulphonamides have some other

mode of action, it means that viruses like those of
trachoma and inclusion conjunctivitis have sufficient
metabolic activity, independent of the cells which
they infect, to render them open to attack by a sul-
phonamide. And this implies that they are micro-
organismal in nature.

Other viruses causing atypical pneumonia. As I

have already pointed out the psittacosis group of
viruses probably plays only a minor part in the
causation of atypical pneumonia. What proportion
of cases occurring to-day are due to psittacosis it is
difficult to say, but in a recent paper Smadel (1943)
produces evidence that 10 of 45 cases of sporadic
atypical pneumonia from eastern urban populations
in the U.S.A. were psittacosis. In this country the
incidence, as judged by my own observation,
appears to be lower. What of the remainder?
Have we any idea as to their etiology? It has been
suggested that the virus of lymphocytic chorio-
meningitis might be responsible for some cases of
atypical pneumonia. Smadel (1943) obtained no
evidence of this, though my serological findings sug-
gest that this virus, which is an important cause of
aseptic meningitis in man, may occasionally give rise
to atypical pneumonia. As to other claimants to

Frei test
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ARCHIVES OF DISEASE IN CHILDHOOD
this r6le. we have the virus of Weir and Horsfall
(1940) to which the mongoose alone of experimental
animals appears susceptible and the virus which
Eaton, Meiklejohn. Van Herrick and Talbot (1942)
claim to have isolated from atypical pneumonia by
inoculation of the cotton rat. Further work alone
can decide what part these viruses are playing in the
causation of this disease.

Herpes
You may be surprised that I should trouble to

refer to a virus causing so trivial a condition as
herpes. I do so because of the interesting new light
which recent work has thrown on the natural history
of this disease. The vesicular eruption of herpes
occurs on the skin at muco-cutaneous junctions,
the lips being the commonest site. The specific virus
which causes it is of medium size and gives rise to
typical nuclear inclusions in the cells which it infects
similar to those produced by its near relatives, the
virus of pseudo-rabies and B virus (fig. 10). A

FIG. 10.-Section of herpetic lesion of guineapig's skin
showing nuclear inclusions of Type A. x 1800.

peculiar feature of herpes is that it does not appear
to be infectious. Herpetic eruptions are a symptom
of a variety of conditions of which artificial fever.
however induced, is the most herpetogenic. Some
individuals are subject to herpes, others never get
it: the source of the trouble seems to be intrinsic
rather than extrinsic as in other infections. This
apparent anomaly has led some investigators to
postulate that herpes virus is generated spon-
taneously in the human tissues as the result of some
derangement set up in the cells by those factors
which precipitate an attack of herpes. Doerr. the
Swiss virus expert, is the leading exponent of this
view'. The conception of spontaneous generation
even of an agent so intangible as a virus has not
met w-ith ready acceptance by bacteriologists, and it
has always seemed to me that a more rational ex-

planation of the facts would be that certain in-

dividuals were asymptomatic carriers of herpes virus,
and that when they were subject to one or other of
the herpetogenic factors the balance between host
and parasite was so upset as to allow the virus

temporarily to gain the upper hand and for the
infection to become apparent. Even some years ago
there existed evidence in support of this view for
Levaditi and his colleagues claimed to have demon-
strated herpes virus in the saliva of herpetic subjects
at a time when no labial eruption existed (Levaditi.
1926). More recently additional evidence in support
of this hypothesis has come to hand. Andrewes and
Carmichael (1930) and Brain (1932) have shown that
a considerable percentage-up to 70 per cent.-of
the hospital class of individuals possess herpetic
antibody in their serum and, what is much more
important, that there is a close correlation between
possession of antibody and being subject to herpetic
attacks (table 4). We have had to wait until quite

TABLE IV

HERPETIC ANTIBODY IN HUMAN SERA

Complement fixation
test with herpes

Source of serum Number serum

Positive Negative

Individuals with
herpetic lesions
or reliable her-
petic history .. 32 30 2

Individuals with
a negative her-
petic history .. 16 0 16

Individuals receiving
protein shock
therapy:-
(a) developing

herpes .. 4 3 1
0b) not develop-

ing herpes 6 0 6

(Compiled from figures given by Brain, 1932.)

recent times, however. for the final and convincing
proof of this hypothesis and the overthrow of the
conception of spontaneous generation as applied to
herpes virus. In 1938, Dodd. Johnston and Bud-
dingh published their observations on vesicular
stomatitis in infants and young children. They
demonstrated that this was an herpetic infection
quite unlike anything one saw in older children and
adults and they put forward the view that it repre-
sented a primary infection wkith herpes virus as the
result of which a carrier state w~as set up. This
carrier state, thev postulated. continued throughout
life, remaining entirely asymptomatic unless the
individual was subjected to one of those factors
which precipitate an attack of herpes when the virus
gained the upper hand and gave rise to an herpetic
eruption. They further postulated that after the
age of two or three years. a physiological insuscepti-
bility to infection with herpes virus de'eloped so
that if an individual had not been infected by that
time he or she would be unlikely to contract the
infection and so not become a herpes carrier and a
herpetic subject. The researches of Burnet and
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THE FIRST GEORGE FREDERIC STILL MEMORIAL LECTURE
TABLE 5

(From Burnet and Williams, 1939)
PRIMARY HERPES INFECTIONS IN CHILDREN *

Rabbit test Second serum sample

Age mn First serum
Patient year sample: Davs after

years

Keratitis + Antibody antibody collection Antibody
of first

specimen

de Y. - 0-007 percent. Nil (70 percent.) 23 -(2-1 percent.)
Bag. .0. l __ 0-016 ,, Trace (20 ,, ) 345
Vin. .. 1 --,- 0-05 ,, Nil (100 ,, ) 34 -(0-035
Gup. .. 21 0-01 ,, Nil (52 ,, ) 20 -(0-67
McF. .. 3 --- 0-05 ,, Nil (67 ,, ) -(0-2 9,)
OT. .. 10 Nil (110 ,, ) 20 -(2-7 ,

* Herpes antibody is expressed as the percentage to which the activity of the virus is reduced by being mixed with
undiluted serum under standard conditions: the smaller the value, the more potent is the serum.

+ Under ' keratitis ' the number of plus signs indicates the degree of purulent inflammation, * indicating death
from specific encephalitis.

Williams (1939) in Australia have given complete
confirmation of this work. They have found, just
as Dodd and his colleagues did. that an herpetic
stomatitis occurs in infants and young children and
that this represents a primary herpetic infection since
specific antibodies are absent in the early stages of
the disease but develop with recovery (table 5).
They have further shown that the percentage of
adults wNith herpetic antibody in their serum varies
in different social groups, being very much higher
in the hospital class of individual than in those
drawn from the higher social grades (table 6).

TABLE 6
(From Burnet and Williams, 1939)

PROPORTION OF 'POSITIVE and 'NEGATIVE
TYPES OF SERUM IN DIFFERENT SOCIAL

GROUPS

Group Positive Negative PercentageII -eati~ Positive'

A. University grad-
uates . .. 10 17 37

B. Non - graduate
I a b o r a t o r y
w-orkers .. 13 9 59

C. Hospital patients 51 4 93
D. Children and

adolescents * 56 4 93

* In group D there were five specimens of serum giving
intermediate values of 0-1 per cent. to 2-5 per cent. These
are not included.

This is just what one would expect because it would
be in those children reared under the poor con-
ditions found in families with a low standard of
living that the chance of a primary herpetic infection
occurring in the early years of life would be the
greatest. The only piece of evidence that is missing
is the situation in which the herpes virus is carried:
that awaits discovery. This work strikes me as
extraordinarily interesting. It shows how in an
animal a virus can enter into so well balanced a

symbiosis with its host as to give little or no evidence
of its presence unless that balance is upset in some
way or another. Furthermore it renders un-
necessary that unhappy suggestion that a virus can
be generated spontaneously and gives further proof
that viruses are most probablv organized agents of a
nature similar to other micro-organisms.

Poliomyelitis
Finally, I wish to say a word or two about

poliomyelitis and in particular to draw your atten-
tion to some recent work which has revolutionized
our ideas on the mode of spread of this disease.
The virus of poliomyelitis is one of the smallest
viruses and it is a confirmed neurotrope: nerve cells
alone provide an environment suitable for its
multiplication. Ten years ago one would have said
with confidence that this disease was spread in the
main by infective droplets and that the portal of
entry of infection was the nasopharynx. the passage
of virus from this situation to the central nervous
system being via the olfactory hairs to the cells in
the olfactory bulb and thence by axonal routes to
the cord. This conception was based on certain
w%ell-established observations. In human cases of
poliomyelitis the virus is to be found in the central
nervous system and in the nasopharynx: it is never
found either in the blood stream or in the cerebro-
spinal fluid. The monkey can be infected by apply-
ing the virus to the olfactorv mucosa and in such
experimental animals the olfactory bulb is the seat
of histological change, showing that the virus has
passed that way en route for the cord. What is
more, if the connexions betyseen the olfactory bulb
and the olfactory mucosa are severed before one
attempts to infect the monkey by the nasal route.
infection does not take place: the pathway of the
virus to the cord is severed. The same is true
apparently if the monkey receives the virus intra-
venously, suggesting that, in the monkey at any rate,
poliomyelitis virus passes from the blood stream to
the central nervous system by the same route:
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12ARCHIVES OF DISEASE IN CHILDHOOD

olfactory mucosa, olfactory hairs, olfactory bulb.
Since there seemed little reason for doubting the
accuracy of these observations it is not surprising
that the conception of poliomyelitis as a disease
spread by droplets should have received general
acceptance. It is true that there were a few dis-
sentient voices, Toomey in particular holding that
the portal of entry of infection was the alimentary
tract, but the majority saw no reason for rejecting
the more orthodox view. There was just one dis-
cordant fact: the seasonal incidence of this disease.
Poliomyelitis has its major incidence in the late
summer and early autumn which is not what one
would expect in a disease spread by infective drop-
lets, but this was conveniently overlooked or dis-
counted since it appeared to be at variance with all
the other evidence. The last few years, however,
have seen a radical change in our conception of the
mode of spread of this disease. Firstly the olfactory
bulbs from human cases, when they have been
examined, have shown a surprising absence of any
histological changes. It has been suggested that
this might merely mean that in man the virus left
less trace of its transit through these structures than
in the monkey, but in the light of more recent work,
demonstrating the presence of the virus in the stools
of human cases and contacts, which will be referred
to later, it acquires a greater significance. In the
second place, recent field trials in N. America of the
use of chemical sprays in the prophylaxis of polio-
myelitis in man (Lennette, 1937) have given negative
results. I should perhaps explain that experimental
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work in the monkey had shown that treatment of
the olfactory mucosa with chemicals such as tannic
acid, picric acid or zinc sulphate, protected the
animal against infection with poliomyelitis Xirus
when it was instilled into the nasopharynx. It was
felt that the chemical spray offered great possibilities
as a practical procedure in the control of polio-
myelitis and the disappointing results obtained in
field trials with this measure have only gone to
strengthen the view that our conceptions as to the
mode of spread of this disease were incorrect.

In the past, the occasional presence of the virus
in the faeces of human cases of poliomyelitis has
been reported. Kling, Wernstedt and Petterson
(1911-12) claimed to have isolated poliomyelitis
virus from such material with some regularity and
Harmon and Levine (1936-7) obtained it from
rectal washings in four cases. But the majority of
workers obtained negative results and it was con-
cluded that although the virus might be found in the
stools, this was only an occasional happening and
was not comparable with the regularity of its
presence in the upper respiratory passages. But
recent work has shown that this is not so. The
studies of Paul and Trask and their colleagues have
demonstrated that, given an adequate technique, the
virus of poliomyelitis can be found in the stools of
human cases with considerable regularity (Trask,
Vignec and Paul, 1938: Trask, Paul and Vignec,
1940). What is more they have been able to show
(Paul, Trask and Gard, 1940) that the sewage of
urban communities in which poliomyelitis was
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FIG. 1 .-Activities of the K family and distribution of virus among their associates (from Francis et. al., 1942).
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THE FIRST GEORGE FREDERIC STILL MEMORIAL LECTURE 123
epidemic might contain the virus, whereas this was
not so when poliomyelitis was not occurring. The
importance of this mode of excretion of the virus
has received ample confirmation from American
work (Piszczek, Shaughnessy. Zichis and Levinson,
1941: Francis, Krill, Toomey and Mack, 1942). In
the investigation of a small outbreak by Piszczek
and his colleagues the virus was isolated from the
stools in three out of four cases and from six out of
thirty-four contacts. whereas the stools from four-
teen non-contacts were negative. Francis and his
co-workers (1942) report their findings in five cases
of poliomyelitis of the bulbar type which developed
in the children of one family all of which underwent
tonsillectomy at the same time: three of them died
(fig. I1). There were six children in the family:
everyone had poliomyelitis virus in the stools. The
stools of forty-three contacts of these six children
were examined. Nine of these contacts were adults:
none had positive stools. Of the child contacts, six
were close contacts whilst in twenty-eight the con-
tact had been less intimate. The six former
children were all found to have virus in the faeces,
but only four of the less intimate contacts provided
positive results. There is thus an abundance of
evidence of this mode of excretion of the virus in
human poliomyelitis and this fact. together with the
other evidence I have mentioned-the absence of
histological changes in the olfactory bulbs and the
failure of chemical sprays in prophylaxis-suggest
most strongly that the usual route of infection is the
alimentary and not the respiratory tract. This is
not to say that the disease cannot be or never is
spread by infective droplets, but only that if this
mode of spread does occur, it does so uncommonly.
Nor does the acceptance of the alimentary route of
infection imply that invasion invariably takes place
from the intestinal tract. In fact, Faber and Silver-
berg (1942) have described how one of their experi-
mental monkeys which had received virus in fat-
coated capsules, had its tongue gently swabbed with
virus and had received a high enema of virus all
without effect, finally developed poliomyelitis after
having virus sprayed on to the throat, the olfactory
mucosa having previously been blocked by spraying
with zinc sulphate. The histological evidence
showed that in this monkey the virus had reached the
bulb by the intermediary of the IX and X nerves.
So in all probability the virus entering by the ali-
mentary route can pass to the central nervous system
by a variety of routes at different levels; this would
help to explain the distribution of the lesions in
human cases. In any case the pathway to the brain
or cord is via nerves-axonal-so that one would
not expect the use of convalescent serum in the
preparalytic stage of the disease. which surprisingly
still has its advocates, to be effective: the virus

would still be effectively protected against the
action of antibodies.

The field of virus research is vast: what I have
described to you this morning represents only a
small corner of it. There are many equally im-
portant aspects of virus work that I might have
chosen as the subject for this lecture. I hope,
however, that what I have said has convinced you
of the progress we are making, that we are gaining a
better conception of the natural history of viruses
and the diseases they produce and I hope also that
it has not been without interest to you.
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