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PREFACE.

- W - W - -

The value of adult immune serum both in the
prophylaxis and attenuation of measles has not hitherto
been definitely established. By 'adult serum' 1is meant the
blood serum of adults who have passed through an attack of
measles in childhood. The volume of research which has
already been done in this fleld is small, and the conclusions
derived by different observers are, to say the least, con-
flicting. 1In most of the previous enquiries uninoculated
control cases have not been included and theﬂvalue of the
results 1s thus extremely difficult to estimate.
| Convalescent serum 1s of proven value in measles
but its application is distinctly limited by the difficulty
of securing adequate quantities, particularly at the begin-
ning of an epidemic. The supply of adult serum is, on the
other hand, almost unlimited and its employment eminently
practieable; but its value must be placed beyond doubt before
subjects will readily offer their blood in the cause, or
public health authorities approve 1ts use in the attempt to
curtall measles morbidity and mortality.

The present work is a contribution to the assess-
ment of the true value of adult immune serum in measles,
both as a prophylactic and as an attemuative, and 1t has
been endeavoured also to present certain aspects of the
subject which have not, up to the present, received attention.

I am indebted to Dr.A.S.M.Macgregor, Medical
Officer of Health of the City of Glasgow who permitted me to
utilize the measles contacts which presented themselves in
various institutions under his control, and I am especially
beholden to Dr.William Dow, Physician-Superintendent,

Knightswood Infectious Diseases Hospital, Glasgow, who



afforded me every facility both clinical and laboratory

and whose enthusiasm provided a stimulus to my efforts.

Nor must I leave unstated the willing co-operation of the
nursing staffs in the several institutions to which I had
access, a co-operation without which my work could scarcely

have been accomplished.

April, 1935.
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INTRODUCTTION,.

The need for some form of treatment which will
ameliorate the course of measles in young children, and
thereby prevent the disastrous complications which are so
apt to follow, is apparent to all workers in the field of
infectious diseases. During the last century various
methods of prophylactic inoculation ageinst measles were
advocated, but the first really successful immunisations
were reported in 1918 by Nicolle and Conseil, who used
serum from convalescent measles patients as a means of
producing passive immunity in susceptible contacts. Since
then a large number of workers have attested the value of
convalescent measles serum as a prophylactic. Owing to the
difficulty of obtalning convalescent serum, attempts have
been made to produce measles immune serum from animals, and
the necessity for a sultable antigen stimulated research on
the aetioiogy of measles. Several workers notably Tunnicliff,
isolated diplococecl from the blood and naso-pharyngeal
secretions of patients, but these organisms have not gener-
ally been accepted as the aetlological agent, and the serum
from animals immunised with strains of these organisms has
been proved valueless in the prevention or attenuation of
measles, as indeed have all animal sera however produced.

Degkwitz, in consideration of the fact that an
attack of measles almost invarlably confers lifelong immun-
ity, suggested that the blood or serum of adults who had
passed through an attack of measles, when given in adequate
doses, would contain sufficient antibodies to produce passive
;mmunity. At Pfaundler's clinic in Munich in 1920, Degkwitz
inoculated such adult serum into seven children who had been

in contact with measles, six receiving 30 c.c. and one 20 c.c.



Four of the children subsequently developed very mild measles.
Disappointed in these results he abandoned the idea, on the
grounds that the antibody content of adult blood was too low
to be of any value. During the next five years research on
the subject was confined to Germany. Reitschel (1921),
Salomon (1923), von Torday (1923), Kutter (1923), Gerlach
(1924), Goebel (1924), Hilsinger (1925), and Kovacs (1925),
reported varying results on the inoculation of adult whole
blood or serum into small numbers of measles contacts.

Little work seems to have been done on the subject
in France, but in 1925, Debré, an authority on convalescent
measles serum, suggested that good results could be obtained
by the use of adult serum, and W.S.C.Copeman who was then
"Assistant ﬁ%ranger" in the Faculty of Medicine of the
University of Paris, successfully used adult serum in four
children exposed to measles infection by familial contact.

In America, a certailn amount of research has been
carried out, but again the numbers immunised are small, as
most of the workers considered that convalescent serum was
much more effective. Zingher in 1924 noted that adult serum
was of value in the attenuation of measles, but d4id not re-
port any cases where it had been used. In 1927 Karelitz and
Levin, and Bivings and Dickson in America, Pasani-Casa in
Italy, and Zoepffel in Germany, reported favourably on series
of measles contacts who had been immunised with adult serum.
Two years later, Bader in America, and Morales and Mandry in
Porto-Rico, reported results showing that adult serum was
more successful in the attenuation than in the prevention
of measles, and in 1930 Barenberg, Lewis, and Messer in
America reported similar results.

In Britain, the use of adult serum was first re-

ported in 1930 by E.H.R.Harries then Medical Superintendent



of the Birmingham Infectious Diseases Hospital, and later
(19325, by M.Burn of the Birminghem Public Health Department.
The latter claims excellent results both in prophylaxis and
attenuation, but unfortunately these are not substantiated
by details of the investigation.

The amount of research which has been carried out
on adult serum is relatively small, and only some twenty-
five reports of its use are to be found in literature. A
careful study of the literature of the subject reveals the
fact that the vast majority of the investigators neglected
entirely to provide uninoculated controls, thereby‘rendering
their results valueless. It is evident that the interpreta-
tion of results must depend on a comparison of the behaviour
of inoculated contacts with that of uninoculated controls
who have been exposed to the same source of infection. The
results of previous investigations are conflicting, some
indicating that adult serum is an effective agent in the
prevention of measles, others that 1t 1s almost useless as
a prophylactic but is successful in modifying or attenuating
the attack. Moreover there are certain important aspects of
the subject which have not previously been explored. City-
bred adults who have never had an attack of measles rarsely
contract the infection; their immunity has probably been
built up gradually by the reception of sub-infective doses
from intermittent contact with the disease. 1Is the blood-
serum of such persons.of value in the prophylaxis and
attenuation of measles? When the serum is stored does 1ts
potency rapidly become impaired? Does the interval between
the measles attack and the donation of blood have any
influence on the potency of the serum? These are questions
which previous investigators have left unanswered, and it 1is
to these aspects of the subject that particular attention has

been directed in the present work.



SCHEME OF THE INVESTIGATION.

Measles 1s perhaps the only infectious disease
prevalent in temperate climates which shows marked epldemic
periodicity. In most of the urban populations of Great
Britain biennial epidemics recur with wnfalling regularity,
and preparations for these can be made well in advance.

In order to have a store of adult serum on hand
at the beginning of the 1934 measles epidemic, and also to
enable the keeping properties to be proved, the collection
of serum was begun at Knightswood Hospital, Glasgow, during
the winter of 1932-1933, and carried on, as donors became
available, right up to & during the epidemic. Owing to the
unusually late appearance of the epidemic in the spring of
1934, batches of serum of different ages up to eighteen
months old were available.

The donors were recrulted from patients who were
convalescing from a mild attack of an infectious disease
such as pneumonia, scarlet fever, or diphtheria. Well-
nourished adults whose histories for tuberculosis, malarisa
and syphillis were negative, alone were selected. The
pneumonia wards furnished by far the largest number of
donore, as many of the cases admitted to these wards were
very mild or abortive in character, end many subsequently
proved to be suffering not from pneumonia, but only from a
transient febrile illness. The serum was collected under
aseptic conditions and stored in an ice-chest.

Sixteen thousand cubic centimetres of blood were
collected from one hundred and thirty-seven donors, and
yielded eight thousand end three cubic centimetres of serum.
The average amount of blood from each donor was 116.8 c.c.

and the average amount of serum 58.4 c.c. A sample of the



serum from each donor was subjected to the Wassermann and
Kahn tests by the staff of the Glasgow Public Health
Laboratory. In 15 (11.0 éer cent.) of the donors, the blood
serum was positive to either the Wassermann or Kahn reactions
or to'both, and the serum from these doﬁors amounting in all
to 955 c.c., was rejected. This waste of serum could readily
have been avoided by drawiﬁg a émall quantity of blood from
each préspective donor, and subjecting the serum to the
Wgssermann and Kahn reactions before taking the blood.

Twenty-two (16 per cent,) of the donors who were all
city-bred, denied any history of measles, and from them
1368 c.c., of serum were collected.

- The measles contacts made use of in the investiga-
“tion weéé those who presented themselves in the wards of
Mnnicipal general and fever hQspitals and in children's
homes. In all there were thirty-one separate groups of
children exposed to measles infection. The history of each
¢hild with regard to a previous attack of measles was very
carefully enquired into, and those children who had not had
measles were presumed to be susceptible.

The serum was given intramuscularly, the usual dose
being 20 ¢.c. In a large number of the groups, a proportion
of the susceptible contacts did not receive serum and these
acteé as controls. The contacts were kept under close
observation until the twenty-first day after exposure to
infection, and during that time their temperatures were taken
four-hourly.

The type of measles attack which occurred in the
contacts immunised with adult serum varied very considerably.
There were a very few abortive cases in which after the usual
incubation period, slight or moderate pyrexia, headache, and

slight eys suffusion occurred, without the appearance of a



rash or of Koplik's spots, end without injection of the
buccal mucosa. Recovery was very rapid in these cases, the
whole 1lllness lasting not much longer than twenty-four hours.
A large number of the cases were attenuated. In these,
catarrhal symptoms and Koplik's spots were entirely absent;
the rash was faint, sparse, usually discrete, but sometimes
confluent 1n isolated patches. Pyrexia was elther absent or
slight, and there were no constitutional symptoms and no
complications. An attack of this kind did not appear to
differ in any way from an extremely mild attack of measles
such as occasionally occurs in children who have not been
given measles serum. In a considerable number of cases the
attack was distinctly modified but hardly warranted the term
attenuated, which is here applied only to attacks of the
very mildest possible nature. In these 'modified' cases,
the catarrhal symptoms were either very slight or absent,
Koplik!s spots were absent, and the first indication of the
infection was the appearance of the rash which was fairly
bright and generalised, morbilliform in character and some-
times confluent. Pyrexia was slight or moderate in degree,
and persisted for two to four days. The objective signs
were those of a mild or moderate attack of measles, but the
constitutional symptoms usually associated with such an
attack were entirely lacking, and the catarrhal symptoms
were s8light or absent. From the onset, the children were
bright and alert; they playfully sat up or.stood up in their
cots and they ate well and slept well. The whole illness was
not unlike rubella. There were no complications. The
doctore and nurses in attendance were impressed by the
difference between these 'modified' cases and the classical
cases. The character of the rash might be the same in both

but the difference in the well-being of the children was
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marked. Barenberg, Lewlis and Messer, in America noted this
type of modification in a small group of measles contacts
immunised with adult whole blood. A number of immunised
contacts developed classical measles with catarrhal symptoms,
Koplik's spots, typical rash, moderate or high and sometimes
prolonged pyrexia, and characteristic toxaemia. When measles
occurred in an immunised contact the type of attack was |
classified in one of the above categories, i.e. either (a)
abortive, (b) attenuated, (c) modified or (d) classical.

Cases of measles which occurred in the uninoculated
or control serlies, were classified as very mild, mild or
classical. In general, cases admitted to these categoriles
corresponded respectively to the attenuated, modified, and
classical types occurring amongst the immunised children,
thus allowing a comparison of the severity of the attack in
immunised and non-immunised contacts.

Immunised contacts and controls who developed
measles after a second exposure to infection by an attenuated
or classical case, were classifiéd as asbove and in addition
labelled 'secondary'.

The unusveally late onset and consequent short
duration of the epidemic added much to the difficulties of
the investigation. In former years, measles in Glasgow has
reached epidemic proportions in October or November, and the
case incidence has remained high till the following April or
May. Through the courtesy of Dr.A.S.M.Macgregor, Medical
Officer of Health of the City of Glasgow, the Superintendents
of all municipal hospitals, and the matrons of all municipal
children's homes, were notified in September 1933, that
supplies of adult immune serum were evailable at Knlightswood
Hospital, and that in the event of measles occurring in the
institution, the susceptible contacts should be immunised at
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the earliest possible moment. From the very beginning of
the epidemic, every avallable opportunity of using the serum
was utilized. Several hospitale without the city boundaries
also knew of and asked for the serum. The first demand for
the serum in Glasgow was made on the 16th.of March, 1934,
and the last on the 17th. of June, 1934.  Had the epidemie
been of the usual duration, the investigation would have
been much more extensive, as the supply of serum was more
than adequate. The type of infection hoﬁever was severe
and the incidence of complicating broncho-pneumonia was high.
The work of adminiétering the serum and of observ-
ing and recording those contacts who developed measles, was
carried out personally, and necessitated repeated visits to
each institution. Children who were exposed to measles
infection and who were dismissed within the incubation
period, were visited in tbeir own homes. The amount of
travelling involved was éoﬁaiderable and proved quite an

arduous task especially during the height of the epidemic.
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TECHNICAL METHODS.

The difficulty of collecting blood and of
separating and storing the serum is commonly underestimated,
but actually neither the bleeding and separation of the
serum, nor the maintenance of strict asepsis from the moment
of collection of the blood to the moment of injection of the
gserum, is in any way an easy task., From personal experience,
the writer ié of the opinion that the technique involved in
the aseptic collection of blood, and separation and storage
of the serum, is quite as difficult and demands just as much
8kill as that required in blood transfusion. Many pitfalls
strew the path of the unwary. It is an easy matter to obtain
the 5 c.c. or 10 c.c. of blood required for many of the
serological, biochemical or bacteriological tests, such as
the Wassermenn, Widal, blood sugar estimations, blood culture
etec. even a;though the only available veiln is very small; it
is also a comparatively easy matter to inject intravenously,
fluilds in small quantities as in the case of drugs, or in
large quantities as in the case of 1sotonic solutions re-
quired to increase the volume of circulating blood. Of such
operations the writer has had a comparatively large exper-
ience. It is however en entirely different matter to remove
upwards of 100 c.c. of blood without resorting to the opera-
tion of venesection. The reason for this is obvious. The
viscosity and coagulability of the blood demand that a needle
of large bore be used. An ordinery serum needle, which can
hardly be called small, cannot be relied upon to withdraw
much more than 20 c.c. of blood without blocking due to
coagulation of the blood. A needle of sufficient bore, when
thrust into a small vein, instead of entering the lumen,

8imply causes a local rupture of the entire wall, and results
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in & subcuteneous haematoma without letting of blood. The
same size of needle thrust into a larger vein, causes a con-
siderable rent in the wall, and if the needle and vein be
not in perfect alignment, the vein 1s pierced not entered
and again a haematoma results and the blood flow from the
needle is small or absent. In blood letting by venepuncture
without venesection, the choice of the needle is the most
vital conslderation. Experience gained in the investigation
reported, has shown that a stout needle, number 17 in diameter
and two and a quarter inches long gives the best results.
The cutting edge of the needle must be keen, and it is well
Yo sharpen the needle on an Arkansas stone at each time of
use.

In many persons the coagulation time of the blood
is shorter than average and when such is the case in a donor,
bloodletting is rendered more difficult.

For the purposes of this investigation an attempt
was made to withdraw 160 c.c. of blood from each donor. In
74 of the 137 donors, the blood flow stopped before this
quantity had been obtained. From 46 per cent. only of thé
donors could 160 c.c. of blood or more be collected by vene-
puncture. Such an experience shows that it is not easy, even
for one practised in the art of venepuncture, to obtain by
this method large quantities or even moderate quantities of
blood from every donor.

The maintenance of strict asepsis from start to
finish is a major problem of serum collection. It must be
borne in mind that the preparation of serum 1s a responsible
task, for great risk attends the injection, if the serum be
contaminated; intramuscular abscesses and worse have been
reported.

Technique of Blood Collection. The method of blood
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collection employed a needle conforming to the above de-
scription, a two-way tap, and a 20 c.c. syringe of
fRecord! pattern. The syringe chosen was a well used one,
the piston of which was a perfect sliding-fit in the
barrel. It was found that in a suitable syringe, if the
barrel were held vertically, the piston placed at the
upper end, would slowly travel by the force of its own
welght to the lower end of the barrel. A ward sister
instructed in the technique, placed these instruments -
needle, two-way tap, and syringe (dismentled) together
with two pairs of dissecting forceps, in a fish-kettle
sterilizer, and boiled them for half an hour or longer
in‘the side-room of the ward. After sterilizing her
hands by scrubbing with a nail brush and soap in warm
running water, she placed two sterile towels, the one
superimposed upon the other, on a tray. By means of a
palr of large forceps, the lower ends of which were in
the water and therefore sterilized, and the upper or
'handle' ends out, she lifted the instruments out of the
boiling water and placed them on the sterile towels.
Using the same forceps, she carefully folded the upper
towel over the instruments, and then folded ths lower or
outer towel over the inner towel. The tray was placed
near the bed or couch on which the donor was lying, and
in a few minutes the instruments were cool, dry, and
ready for use. The sister covered part of the side of
the bed or couch with sterile towels, and the donor was
instructed to rest the arm on these, and to place the
hand with the palm upwards. By means of gauze sponges
held in sterile forceps, the sister sterilized the skin
over the antecubital fossa, by swabbing with ether
followed by methylated spirit; she then applied a light
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tourniquet of the Foulls pattern to the upper arm, and
the donor was instructed to clench and unclench the
hand several times, and finally to hold the hand tightly
clenched. Meanwhile the writer had sterilized his hands
by scrubbing with a nail brush and soap in warm running
water. The sister unfolded the towels, and the writer,
using the sterile forceps, assembled the syringe, two-
way tap and needle and performed the venepuncture. The
skin over the antecubital fossa was drawn taut by traction
exerted by the thumb of the left hand placed lower down
on the donor's forearm. The direction of any convenient
vein was noted, and the syringe was held so that 1its
axls was in line with the veiln, the needle resting on the
skin directly above it. Keeping the needle as horizontal
and as close to the skin as possible, the point was
gently but firmly insinuated for about a quarter of an
inch into the subcutaneous tissue between the skin and the
upper surface of the vein. The needle was then directed
downwards by slightly raising the barrel of the syringe,
and by a short sharp forward movement, the wall of the
veln was pierced, gilving a sudden characteristic 'yleld-
ing' sensation; the barrel of the syringe was immediately
lowered, rendering the needle as nearly parallel with the
vein as possible, while the point of the needle, now in
the vein, was advanced about gquarter of an inch into the
lumen, by means of a forward movement. This technilque
of venepuncture proved very reliable; much more so than
the usual method of thrusting the needle directly into
the vein which resulted too often in tramnsfixion of the
vessel.

The first few cubic centimetres of blood were

ejected into a small sterile test tube which was
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subsequently transmitted to the Public Health Laboratory,
where the blood-serum was subjected to the Wassermann and
Kahn tests. Thereafter each syringeful of blood (20 c.c.)
was recelved into a separate test tube containing 1 c.c.
of 7.5 per cent. sodium citrate solution. These citrate
tubes prior to sterilization had been fitted with cotton

" wool plugs and wrapped in Kraft paper. While the syringe
was being charged with blood, the sister unwrapped a
citrate tube, removed the plug which she held in the left
hand, and placed the mouth of the tube under the outlet
nozzle of the two-way tap. When the syringe was full,

the tap was turned, and the blood ejected into the citrate
tube; the cotton wool plug was immediately replaced by

the slster ﬁho proceeded to unwrap another citrate tupe
while the syringe was being refilled. e

The time taken to collect 160 c.c. of blood by
this method was less than three minutes, and the mental
upset sustained by the donor was little more than that
occasioned ordinarily by the taking of blood for a
Wassermann test.

In the above technique, the syringe and needle
for withdrawing the blood were dry when used - an impor-
tant factor in the maintenance of absolute sterility.

In a large series of blood cultures recently carried out
at Knightswood Hospital by this method, not one was con-
taminated. In a previous series in which the syringe and
needle were lifted out of the water in which they had
been boiled, and were consequently used 'wet!, a number
of the blood cultures were contaminated, even although
every possible care was taken to ensure sterility.

Laboratory Technigue. After the venepuncture had

been performed, the tubes of citrated blood were taken

to the hospital laboratory, where the work of separating
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and storing the serum was carried out immediately, or
within a few hours after the withdrawal of the blood.
Occaslonally in a very few of the tubes partial clotting
occurred within a few minutes. When tﬁis happened the
tubes were placed in the ice chest for two hours or
longer, after which time the clot had contracted
sufficiently to allow the plasma to be decanted.

From each citrate tube in turn, the cotton
wool plug was removed, and after the mouth of the tube
had been carefully sterilized in a bunsen flame, the
blood was poured over the lip into sterile centrifuge
tubes, each of which held 10 c.c. and had a graduation
mark at this level. Prior to sterilization, each centri-
fuge tube had been fitted with a cotton-wool plug, and the
latter had been transfixed by a piece of wire slightly
longer than the diameter of the tube, the purpose of
which was to prevent the plug from being driven into the
tube during centrifugalisation. The cotton-wool plugs
were immediately replaced after the introduction of the
blood. The tubes were placed in an electric centrifuge
and rotated at 4000 revolutions per minute for about ten
minutes. After centrifugalisation the upper half of the
contents of the tubes was clear straw-coloured plasma,
and the lower half, red blood corpuscles, while at the
line of separation there was a thin white film of
leucocytes. The plasma was separated by means of a
sterile 20 c.c. syringe and wide bore canula. This
syringe and canula, together with a one cubic centimetre
syringe and a long needle required for the addition of
the antiseptic tricresol, had been sterilized in the same
fashion as were the blood collecting syringe and instru-

ments, i.e. they had been boiled for half an hour or
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longer and wrapped in two sterile towela. The outer
towel was carefully opened out without touching the
inner towel, and then the writer, after sterilizing the
hands by scrubbing with a nail brush and soap in warm
running water, uncovered and assembled the 20 c.c.
syringe, and proceeded to aspirate the plasma from the
centrifuge tubes. The task of drawing up the plasma
into the syringe proved to be rather a delicate one,
because if a few drops of plasma were allowed to flow
back from the syringe into the tube, the blood corpuscles
were disturbed and were dispersed throughout the plasma.
By means of the graduated 20 c.c. syringe the plasma was
measured into sterile bottles holding 10 c.c. or 20 c.c.
After the whole of the plasma of the batch had been
apportioned to the various containers, the 1 c.c. syringe
was removed from the sterile towels, assembled by means
of the sterile forceps, &and used to measure and add the
antiseptic tricresol. One cublic centimetre of a 2.5 per
cent. solution of tricresol in water was added to each
5 e.c. of plasma, so that the ultimate concentration was
0.4 per cent. Immediately after the introduction of the
plasma or tricresol, the cotton wool plugs were replaced
in the mouths of the bottles.

Before commencing the separation of the serum,
a sufficient quantity of rubber stoppers together with‘a
pair of dissecting forceps, had been placed in a beaker
of water over a bunsen flame, By the time the stoppers
were required, they had been boiled for more than half an
hour. The cotton wool plug was rémoved from each bottle
of serum in turn, the neck flamed, and a.rubber stopper
held in s terile forceps was lifted out of the boliling

water, passed through a bunsen flame to remove moisture,



19

and then fitted firmly into the mouth of the bottle. The
bottles containing each batch of serum were appropriately
labelled, and stored in an ice-chest. A cultural sterility
test was carried out on each batch by inoculating a tube
of Hartley's broth and a blood-agar slope with plasma, and
incubating them at 37°C. for twenty four hours. In no
case was a bacterial growth obtained.

The average time required in the laboratory to
deal with the blood from each donor was about two hours.

The plasma when separated was clear and straw-
coloured, but after standing for twenty-four hours it be-
came somewhat cloudy, owing to the precipitation of
fibrin in a very finely divided state. When the pleasma
had been kept for weeks or months in the ice-chest, the
precipitate usually collected on the surface of the serum
which was clear and straw coloured: more rarely the pre-
cipitate settled to the bottom of the container, and in
‘& few of the batches 1t remained uniformly distributed
throughout the serum. In all cases the precipitate was
extremely finely divided, and by éhaking was easlly dis-
persed throughout the serum which it rendered slightly
cloudy.

Preparation and sterilization of Materials. The

tubes used for collecting blood were F of an inch in
diameter and 5% inches long: when containing 20 c.c.
they were about three-quarters full. A lip was drawn
out at one point in the circumference of the mouth of
each tube, to facilitate the pouring of the blood into
the centrifuge tubes. The tubes were carefully washed
and dried, fitted with cottoh wool plugs, and sterilized
in the hot air oven for one hour at 160°F. By means of

a sterile pipette one cubic centimetre of a sterile 7.5
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per cent. solution of sodium citrate was added to each
tube. The tubes were wrapped in Kraft paper and steamed
for one hour in the Koch to ensure absolute sterility;
thereafter they were stored in an upright position in a
covered glass jar.

The centrifuge tubes were § of an inch in diem-
eter and 3% inches long. A graduation mark was filed on
the tubes at the 10 c.c. level, so that an equal quantity
of blood could be placed in each thereby ensuring balance
in the centrifuge. Each tube was carefully washed and
dried, and fitted with a cotton wool plug, and the latter
was transfixed with a plece of wire slightly longer than
the diameter of the tube. The function of the wire was
to prevent the plug from being driven into the tube by
centrifugal force, during centrifugalisation. The tubes
complete with plugs and pins were wrapped in Kraft paper
and sterilized in the hot air oven for one hour at 160°F.:
thereafter they were stored ready for use in a covered
glass jar.

| The bottles used were empty serum bottles of 10-
20 c.c, capacity. They were carefully washed and dried,
and each was fitted with a cotton wool plug and wrapped
in Kréft paper. Sterllizatlion was effected in the hot
air oven by maintaining a temperature of 160°F. for one
hour. They were stored ready for use in a covered glass
Jar. The covering papers were not removed from the tubes
and bottles until immediately before they were used.

The entire work of collecting the blood and
separating and storing the serum, was carried out in the

wards end laboratory at Knightswood Hospital.
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THE INVESTIGATION.

In this section a brief report is given of each
group of susceptible childfen exposed to measles infec-
tion. Each report is prefaced by a table containing the
relevant data, and most are preceded by a series of
temperature charts for the attenuated and modified, and
many of the classical and control cases which occurred
in the group. On each temperature chart the salient
clinical features of the illness are recorded. The re-
ports terminate with summaries of the results obtained.

In estimating the interval of time between the
beginning of the exposure to infection and the injection
of the serum, or the number of days after the beginning
of the exposure to infection on which the serum was given,
it has been assumed - following the method of Zingher -
that the infecting measles case had been actively dis-
seminating the causal agent for four days prior to the

appearance of the rash.
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Commentary Group I.

The first group of children exposed to measles
infection were patients in a scarlet fever ward in
Kilmarnock Infectious Diseases Hospital. Ten cases of
measles occurred in the ward on 12/11/33, and one case
two days later; they were transferred to the side-room
of the same ward when the rash appeared.

Twenty-one children had not had measles and
were exposed to Infection. Dr.Nisbet, Medical Officer
of Health of Kilmarnock, was most anxious that as many
as possible of these presumably susceptible children
should be immunised, and for that reason, three only
did not receive serum and served as controls. The serum
was given on 14/11/33, the sixth day after exposure.
Twelve of the immunised contacts did not contract in-
fection. Three developed a measles rash within four days
after the injection of the serum; they had therefore been
in the pre-eruptive stage of measles when the serum was
given, and the source of their infection had not been the
cases which occurred in the ward on 12/11/33 and 14/11/33.
These cases are not comparable with the other contacts
and are, for this reason, not included in the results.
One immunised susceptible contact developed attenuated
measles, one showed modified measles, and one classical
measles. None of the uninoculated controls contracted
the infectionm.

An interesting example of the effect of human
Serum in the treatment of psoriasis, was observed in one
of the susceptible children in this group. From a very
early age the child, (W.M.No.ll) now three years old, had
suffered from a severe and intractable form of psoriasis

which had resisted all the usual therapeutic measures.
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He had recently been under treatment in hospital for a
period of six months, with but very little improvement.
When the injection of human serum was given, the whole
of the child's skin was so severely affected that it was
hardly possible to find a sultable arsa of healthy skin
through which to administer the serum. After the in-
jection of the serum, rapid improvement in the condition
of the skin was observed; the lesions healed and within
a week the child was discharged from hospital, not alto-
gether cured but very markedly improved.

The intractable nature of psoriasis is well re-
cognised, and reference to the literature shows that many
fields of investigation have been explored in search of
effective treatment, including protein shock and serum
therapy. Auntogenous serum and normal horse serum have
been used from time to time with varying success.

Conclusions and generalisations based on & single
case are always dangerous; but in view of the rapidity and
dramatic nature of the improvement following upon the in-
Jection of the human serum, it is probable that in this

child the improvement was really due to the serum.



GROUP I.
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Commentary Group 2.

The second group included the children in
Scotstoun House, a home for debilitated children of
pre-school age.

On 15/3/34, a child who had been admitted
twelve days previously, showed Koplik's spots and the
catarfhal symptoms of measles. He was removed to
hospital on the following day and developed a typical
rash on 17/3/34. Fifteen children were exposed to
infection. Of these, thirteen had not had measles and
were presumably susceptible. On 16/3/34, the third
day after exposure to infection, seven of the presum-
ably susceptible children were each given 15 c.c. of
adult immune serum, and six did not recelve serum so
acting as controls. All the susceptible children con-
tracted measles. Three of the seven immunised contacts
developed attenmuated attacks, one showed modified measles,
and three the classical disease. Two of the classical
casés dled as a résult of complicating broncho-~-pneumonia
and enteritis. All of the six non-immunised controls
showed classlcal attacks, and four of them died from
broncho-pneumonia.

One of the non-immunised controls, (A.M.No.31)
developed measles twenty-six days after the first expos-
ure to infectioﬁ - a length of time beyond the recognised
limits of the incubation period. In all probability the
source of this infection was not the original or first
case of megsles, but was the cases arising as a result
of contact with the original infection; if éo, the in-
cubation period would be between nine and seventeen days.
It is likely that this child possessed partial natural

immunity to measles which was only overcome after a




second long continued expeosure to infection.

In this group two children who had had adult
immune serum died. It is apparent then, that in some
cases there is a fatal termination in spite of the ex-

hibition of adult imune serum.
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Commentary Group 3.

In a ward in the Southern General Hospital
cbntaining children suffering from primaery pneumonis,
one showed a measles rash on 26/3/34. A nurse on duty
developed a measles rash on 5/4/34: she was twenty-two
yeare of age and was born in Skye: it 1s likely that she
contracted the infection from the child.

Sixteen children who had not had measles were
exposed to infection: eleven of these were each given
10 c.c. of adult immune serum on 28/3/34, the sixth day
after exposure, while five, the controls, did not receive
serum.

Two only of the presumably susceptible children
contracted measles; one an immunised child and one an un-
inoculated control. In both the attack was exceedingly
mild. Koplik's spots, catarrhael symptoms and pyrexia
were entirely absent. The rash was faint, sparse and
discrete, but morbilliform in character, and appeared on
fece, abdomen, eand limbs. In the immunised contact the
atteck which is regarded as being attenuated by the serum,
did not appear to differ in any way from the exceedingly
mild attack in the non-immunised control.

Throughout the catarrhal stage of her illness,
the nurse was engaged in attending to the children: she
went off duty only when the rash appeared: yet only one
of the five presumably susceptible children who were not
imminised contracted measles. It is highly probably that
these children possessed a considerable degree of natural

immunity.
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GROU P 3.

SUMMARY OF RESULTS.
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Commentary Group 4.

The fourth group of measles contacts was
composed of children in a scarlet fever ward in
Blawarthill Hospital, Clydebank. A child in the
Ward showed a typical rash on 27/3/34. Five pre-
sumably susceptible chlldren were exposed to in-
fection: three of them were each given 10 c.c. of
adult immne serum on 28/3/34, the fifth day after
exposure; two controls did not receive serum.

One of the uninocuvlated controls escaped
infection, but all the other susceptible children

developed classical measles.
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GROU P 4.

SUMMARY OF RESULTS.
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Commentary Group 5.

Several children were receiving indoor
treatment for scabies in Moffat Street Reception
House, when one of them contracted measles, the rash
appearing on 28/3/34. Three presumably susceptible
children were exposed to infection; two of these were
given 10 c.c. of adult immune serum on 30/3/34, the
sixth day after exposure, and one did not receive
serum and acted as a control.

None of the contacts developed measles.




GROUP 5,

SUMMARY OF RESULTS.

2 Immunieed Presumably Susceptible

Contacts did not contract measles.

One Uninoculated Control escaped Infection.
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Commentary Group 6.

While under treatment in the 8eptic Ward
of the Victoria Infirmary, a child contracted measles
and expdsed to infection four children in the ward who
had not had measles.

Two of the presumably susceptible contacts
were each given 10 c.c. of adult immune serum on the
sixth day after exposure, and two who were chosen as
controls did not receive serum.

None of the contacts developed measles.
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GROUP 6.

SUMMARY OF RESULTS.

2 Immunised Presumably Susceptible

Contacts did not contract Measles.

Controls - 2 Uninoculated Presumably Susceptible

Contacts did not contract Measles.
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Commentary Group 7.

Patients in a chiidren's ward for primary
pneumonia in Knightswood Hospital, formed the seventh
group; One of the children contracted measles and ex-
posed five presumebly susceptible contacts to infection:
three of these were each immunised with 10 c.c. of adult
immune serum on the sixth day after exposure, and two
did not receive serum and acted as controls.

None of the contacts developed measles.,
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GROUP 7.

SUMMARY OF RESULTS.

3 Immunised Presumably Susceptible Contacts

did not contract Measles.

Controls - 2 Uninoculated Presumably Susceptible

Contacts did not contract Measles.
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Commentary Group 8.

Two patients in a sqarlet fever ward in
Shieldhall Hospital qontracted measles., Five pre-
sumably susceptible contacts were exposed to infec-
tion: four of these each received 15 c.c. of adult
immine serum on the third day after exposure, and one
who was not given serum acted as a control.

One of the immunised contacts developed a
c;assicgl attack and three did not contract measles.

The uninoculated control remained free from infection.
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GROUP 8.

A

SUMMARY OF RESULTS.

(No Measles

Immnised Presumably Susceptible (
(Classical

Contacts, 4 (Measles

Ono'Uninoeulatéd Control escaped Infection.

e K k¥ ~
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Commentary Group 9.

This group was formed by patients in another
scarlet fever ward in Shieldhall Hospital; they were
exposed to measles infection from a case whiéh showed
a typical rash on 30/3/34. Two presumably susceptible
contacts were each given 15 c.c. of adult immune serum
on 1/4/34, the sixth day after exposure, and one did
not recelve serum and acted as a control.

One of the immunised contacts who was suffer-
ing from post-scarlatinal cervical adenitis gccompanied
by remittent pyrexis, contfacted measles in a modified
form. The pyrexia remained rathef high for a few days,
owing, probably, to the adenitis; Koplik's spots were
dbsent, catarrhal symptoms were slight, and the rash was
faint, generalised and‘morbilliformlin character,
Fortunately the measles attack did not increase the
severity of the illness.

The uninoculated control developed a classical

attack.



GROUP 9.

SUMMARY OF RESULTS.

--mren e e o

Immunised Presumably Susceptible (No Measles 1

("
Contacts, ' 2 (Modifried
(Measles 1

One Uninoculated Control contracted

Classical Measles.
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Commentary Group 10.

Patients in a diphtheria ward in Knightswood
Hospital formed the group. On 1/4/34, one of the
children showed a measles rash, and on the following
day another child was found to have a typical rash.also.
Three presumably susceptible children were exposed to
‘infection. Two of these were immunised with 10 c.c. of
adult immune serum on 1/4/34, the fourth day after ex-
posure, and one did not receive serum and acted as a
control.

One of the immunised contacts developed an
attenuated attack which was so mild that the child was
not in the least upset. The uninoculated contact or
control developed measles. The rash appeared on
12/4/34, and catarrhal symptoms were in evidence.

Grave toxaemia was soon apparent. On 14/4/34 the rash
was almost confluent, and was haemorrhagic in character;
profuse rhinorrhoea and gastro-enteritis were present,
and the child died on the following day. Signe of
broncho~-pneumonia or bronchitis were not present during
the short illness, Although the possibility of diph-
theritic cardiac paralysis cannot altogether be ruled

out, death was regarded as due to malignant measles.



GROU P 10.

SUMMARY OF RESULTS.

- . G awwa

Immunised Presumably Susceptible (No Measles 1

' . , ; (Attenuated
Contacts, 2 ~ (Measles 1l

One Uninoculated Control contracted

Classical Measles.
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Commentary Group 1l.

The children who formed the eleventh group
were patients in Stobhill Hospital suffering from
primary pneumonia. A child who had been admitted to
the ward on the previous day showed a measles rash on
2/4/34, and on 4/4/34, the third day after exposure to
infection, nine of the presumably susceptible children
each received 15 c.c. of adult immine serum, and four
were not given serum and acted as controls.

One of the immunised contacte (J.L.No.85)
developed a modified attack of measles (rash 10/4/34),
and two of the uninoculated controls (D.McG. and J.G.
Nos.90 and 91) showed classical attacks (rashes 13/4/34
and 17/4(34). These cases were the source of infection
of two inoculated contacts (J.X. and J.B. Nos.81 and 82)
who contracted attenuated attacks (rasheé 24/4/34), and
also of one uninoculated control (J.Q. No.89) who showed
a classical attack (rash 28/4/34). Since the latter
cases developed only after a second exposure to infection,
they are designated "secondary" attacks. It is note-
worthy that the secondary attacks in the immunised con-
tacts were attenuated, whereas in the uninoculated con-

trol the secondary attack was classical.
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. GROU P 1l.

SUMMARY OF RESULTS.
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Commentary Group 12.

Three infants occuplied a small cubicle which was

part of a pneumonia ward in Stobhill Hospltal. One of
them contracted measles (rash 2/4/34) but was not re-
moved from the cubicle owihg to lack of isolation accom-
modation. Each of the two contacts, neither of whom had
had measles, was given 20 c.c. of adult immune serum on
3/4/34, the fifth day after exposure.

One infant who was suffering from primary
broncho-pneumonia and pyelitis, was so gravsely 1l1ll that
it was feared he would die if he contracted measles. He
did not escape infection, but the attack was so much
attenuated that his condition did not become any worsse,
and finally he made a good recovery.’

The other infant although continuously in con-
tact with the first case of measles, resisted infection
from that source, but later developed a classical attack,

having derived the infection from the second case.




GROUP 12.

SUMMARY OF RESULTS.

Immunised Presumably (Attenuated
« (Measles

‘ (.
Susceptible Contacts, 2 (Classical
R : (Measles
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