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STUDIES ON THE HPIDIMIOLOCY AND

PREVINTTON OF RUBELLA

©
Summery

The work for this thesis wos conducted betueen Desembor 1965 and
Decembexr 1968 at the Lpideaniclogleal Research Laboratory, Central
Public Health Laboratory, Colindsle Avenve, London, N.W. 9.

The eims of the studies undertaken were as follows:

L. To assess the proporition of women of child~bearing age
vegident in dillerent regions of the United Kingdom who possess
antibody to rubells wiﬁh special reference to their age-group, country
oi’ origin, previous history oi rubella amnd obstetric experience.

&, To observe the differences in rubella antibedy titre of the
varioua‘hatches of dmmanoglobulin which ave in current use in the
United Kingdom end to determine, by means of a comntrolled trisl, the
protective effeet of immunoglobulin of high rubella éntibaﬂy titre
when given to contacts of rubells vwho are withian the first sixteen
weeks OF pregnancy.

3. %o investigete the infectiounsness of the rubella wvirusg in the
heme, in & semi-vesidentiel community and on casual contact with
petients suffering from the disease. Ia eddition the proportion of
subcliniecal and sec&n@ attacks ol rubella that can be verified by

loboratory means were noked.

Although several ianvestigations are described in the thesis, each
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35 intended to provide some information on the risk of infection to persons,
especially if in early pregnency, when they are exposed to the rubellas
virus and to determine the protection they may expect if given imumuno-
globulin alter contact with the discase. Because it is now possible
to isolate the rubella virus and perforn antibody titrations, the results
of each study wes based on laboratory findings.

The investigations were carried out'with_the help of general
practitioners, doctors in charge of anbe-natal clinics and virologists

at the laboratories of the Public Health Iaboratory Service.



t e

RESULTS

Inmunity to Rubella
1. The majority of persons investigated already possessed antibody
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to rubella by the time thoy rcached adult 1life. The proportion
immune varied in the different geographical areas studied and
ranged from 96 per cent of the women from Leeds and Keighley %o
80 per cent of those from London. Taking all the regions inbo
consideration 91 per ecent of the women exanined wers ilmmune.

Immunity to rubella varied to some extent with age. Of those
less ﬁhﬁn 20 years, 8 per cent were immune compared with over 90
per cent in older women.

Among the immigrant population living in the United Kingdom,
the African end West Indian populations appeared to have a smaller
proportion of persons who possessed rubello antibody.

The reported hisﬁér& of an attack of rubella did not agree with
the patient's immunity to xbella,

Wowen without children were more likely to be susceptible to
rubella thén women with families.

A large proportion (97per cent) of the young adult males

investigated also possessed antibody to rubella.

JImmunoglobulin

Ampoules from fifteen batches of British immunoglobulin were

tested for neutralising antibody to rubella. All contained
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antibody, the titres ranging from 1 : 60 to 1 : 320,

| ggxggkmggﬁg“ig rubella contacts siven inmunoplobulin
(a) When no account was teken of the immmity of pregnant women
in contact with cases dlagnosed clinically as héﬁing“ruballa,
only 1.4 per veant Javeloped an illness with a rash after having
had an inoculation of 750 mg. immunoglobulin,
(h) When virological studies were performed, however, and the
analysis restrieted 1o susceptible pregnant ﬁomen who were in
home contact with a case of rubella proved by isolation of the
virus, then 80 per cent became infected either clinically or
subclinieally despite having had 750 mg. immunoglobulin.

Lren when the dose of immunoglobulin was inereesed to 3,000 nmg.,
four of six susceptible women developed the disease alter eoﬁtaet
with & confirmed case of rubelle.

>Thﬁ risk of contracting rubella was much less if the index
Qasé was noﬁia member of the same household, The attack rate
for inoculated, susceptible pregnapﬁ women in contact outside the
home with a -donfirmdd ecase of rubella wos a quarter of the rate

found for hone contoets.

Attack rate in uninoculated contacts of rubelia

Fifty per cent of uninoculated susceptible women of childbearing

age Geveloped rubella afier home contact with a virologically
proved case. As 80 per cent of preguant women became infected,

preguancy may inerease isusceptibility.
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In the Hendon Police College ~ a residenbial community -~ 100
per cent of those cadets who were susceptible developed rubella

after the introduction of infection into the collcge.

Seeond atbacks of rubelle

Second attacks of rubella were found to be rare. Only oune of
106 immune pregnant mothers developed a second attack of rubella
following exposure. The clinieal diagnosis was verified by virus
isolation but neither in this woman nor the 105 others dld a four-
Pold rise in antibody titre occur.

(2) The number of svbelinical attacks of rubella in the commumities
studied was probably considerable as judged by the proportion (88
per cent) of women who possessed sntibody to rubella but who did
not give a past history of elinical infeetion.

(b) Tlsven per cent of uninoculated women end 14 per cent of
uninoculated men who developed rubella had o subelinical infecthion.
{(c) Forty-eight per cent of the woinen vho developed rubella after
immunoglobulin had a subolinical infectlion. Immunoglobulin, |

therefore, may suppress the clinical features of the disease bubt not

prevent infection.

Isolation of the rubella wirus

Rubella virus was isolated in about 50 per cent of specimens

obtained from coeses of rubella during the first three days after
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the onset of the resh. Durdng the next three days the virus was

isclated from ebout 25 per cent of cases

shereafter it was seldom isolat
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INTRODUCTION,




CHAPTER 1

' BACKGROUND AND ATMS OF THE THESIS

The clinical fealtiures of rubella have been recognised for at
least three cenbturies without exciting much medical interest
but during the last thirty years three major advances have
completely changed our undergtanding of the epideniology of
the disease and the importance of its preventione

Mrgtly, in 1941 Dr. Norman M. Gregg vecoguised that a
woman who developed xubella duving early pregnauvcy wag liable
to give bivth to a melformed infant. Secondly, it was realised
that passive immwmisation with either pooled plasma or human
immunoglobulin (gamme globulin) might protect the pregnant
mother who was in contact with a paﬁienﬁ suffering from rubella
during the period when foetal malformation was most. Likely to
occury i.e., the fivet sixbeen weéks alter conception, Ag
immmoglobulin ig that Traction of the plasma containing anbibody
it was hoped that by immunisation of the wothew, maiternal
viraenia would be prevented and, in turn, the developing foetus
safegunarded. The increaging uge of immunoglobulin gave rise to
many investigations to detexrmine its protective effect in
pregnant rubella conbacts. Thirdly, in 1962 the isolabion of
the rubella virus was vepovited (Weller snd Neva, 19623 Parimen,

Buescher, and Avtenstein, 1962). This vapidly led to the
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egtablishment of the laboratory diagnosis of xubella both

by virus ilsolation and antibody titration., Prilor to this,

the study of the.disease was hampered by the mildness of the
clinical éigns and the similaxity of the features to those
pﬁoduced by otheyr iﬂfec%iensg a confident diasnogis wag
thierefore difficuli. Many patients could not recall whether
they had had rubella in the pagt, and, because of this, a
previous history was not a relimble basis on which to disbinguish
persong suscepbible o the disease (i.e. not previously infected)
from those who possgessed imwuality. WMoreover, subellnical attacks
counld not be detected nor could the wubella antibbdy'ﬁiﬁnes of
different batches of immunoglobulin be egtimated. After the
discovery of the virug however, it became possible to determine
whether or not a person pogsessed antibody to wubella and to
undertake epidemiologilceal studies to examine the infectiousness
of the vikug, the incidence of gubelinical, and of second attacks
of wubella. The protection alfowvded by immunoglabulin, when
given prophylactically to pregaant contacts of the disease,

could also be more accurately esvessed becanse iviformation on
such factors as the ﬁuscepﬁibility of the pregnant woman, the
diagnosls of xmubella in the patient with whom she wag in contact,
the development of infection (either olinical or subelinical) and

the rubella antibody titre of the ilmmunoglobulin could now be



obtained. In addition, the isolation of the rubella virus
made posaible the production of vacclnes which should ultimately
diminish bthe rigk to pregnant women of developing the disease
after contact with & case.
In the light of these laboratory advances the Publilc
Health Laboratory Service in England and Walee set up a VWorking
Party in December 1965 to re-assess the protective effect of
immunoglobulin when given to contacts of rubella dﬁring the
Pivet sixbeen weeks of pregnancy. As secretary of this Working
Party I was wespousible for the plamning and orgenisation of
the various epidemiological investigations and for the execution
of much of the fleld work together with the analysis of the
results. The majority of the investigations described in this
thesis were made under the auspices of the Workiang Faxrty but
gome were also conduclbed Independently of it.
The aims of these studies were as follows gm
1. To asgess the proporiion of women of childbearing age,
rooident in differvent reglions of the Unlted Kingdom who
possess antibody to rubella with special reference to
their age-group, country of owvigin, previous history
of rubella and obstebric experience.
2e To observe the differvences in rubells antibody titre of

the various batches of immmoglobulin which ave in current



wse in the i.‘:’ni‘isga ¥ingdonm and vo deternine, by meons
t’:u. & eoubrolled trelaly the peotective offeet of
Twmmmoglobulin of high rubells enbibody bitwe wvhon
given to contacts of wubella vho sve within the fivet
gixmtesn wecks of pregnancy.

e To study the infectiouvsness of the wubells vivus uwnder
various civounstances and o nolte the proportion of
subelinieal and second attaclks of subells thot can be
verdified by leboratony meaud.

Although mgeveral investigatiobs ave degcewibed in the

thegis each is inteuded 40 provide some infornation on the visk

(]
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O persong, egpecially i

s

.

D in early peognoney, when thoy are
pxrposed. to the xrbella vivug and fo deternine the protection
they nay -:as:e:"ger:ﬁ: 1f given inmwnoglobuline

Several agpects of these lavestigotions have alveady
beon published olsevhere.% In thig thesig the malerial heg
been developed, exbtended and congideved In zelabion to previcus

gtudics.

% Bee attached vepvints.

4y



CHAPTIR _2

AN HISTORTICAL REVILY

a) Barly observations

The fivst descriptlon of xubella was probably made
by Daniel Semnert of Witbtenberg in 1619 (Goodall, 19%4).
He consideved that the disease, which he termed Ritteln
or Rotteln, was velated to measles bub was lesn dengerous,
In 1676 James Cooke further emphasized the comparative
nildness of the diseagse by referving to Yrubeolae which
happens to persons in health". Another early reference
to rubella was quoted by Fuller (1730) from Pechlin (1671)
vho described "a small soxt of Measles, called Rothel which
in hig Travels he observed over-ruming the Palatlinate and
Swabia spariog no Sex nor Age. Mosgt of them had Resitlessness,
Lagsitude, intense Heat, Loms of Appetite. Some were confined
two or three days to their Bed; some that were of foule
Bodies, longer bul some nobt at all., Upon taking a Sudorific
generally all wenl off easily and few dy'd of ite It was
80 rife and contagious thal in the City of Stubgard seven
hundred lay ill of it abt once".

During the eighteenth and nineteenth centuries many

people did not consider yubella to be a separvalte discase,



Gruner (1774) nmaintained that it was identical to scarlet
fever while according to Hebwra (1866) Schonlein in 1832
suggested thot rubellsa possessed chavacters common to both
gearlel fever and measles. Thig view was supporbted by
Copland (18%58) vho noted that it was "doubtful whether or
not this (rubella) should be viewed as o disbinet or specific
Torm of disease or merely a varieby of either measles or
goarlet fever in which many dharaﬁteﬁs of either the one
or the other predominate", and by Sir William Aitken (1864)
who wrote "In truth il seoms to be a hybrid disease developed
from the combined polsons of the two fevers',

Commencing with Selle (1788), vho considered thatb
"rubelle is different fvom measles in thal the fevew does
not present with blearviness of the eyes and coughing but
for the most part with a stiff neck"™ the concept of a separate
exanthem wag gradvally introduced. Further evidence wasg
glven by Willan (1813) who described the disease ag "rubeolae
gine catarrho® noting that patients suffering from this
condition were "peculiarly liasble to a second attack of
measles" end two years later Mabon, relating an ouwtbreak of
rubella in London in a paper wvead before the Royal College
of Physiciens of London stabed that "the period intervening
betweon the application of the infectious influenee and the

commencement of the disease was'considerably longer than has

6.
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been noticed in scarlatina™. Paterson (1840) describing
the featuves of the disease as lhey presented among his
patients in Leith, wrobte "that it possesgess characters
peculiaxly its own", Despite this stabement, however, it
is 1ikély that confusion with gearlet fever stlll existed
ag Patewgon meintained in the same ariicle, that severe
inflommation of the tonsilg ocourred and that the disease
wes "ofbten an exbremely and rapldly fatel disorder™,
Richardson (1867) also believed that rubella was a separate
entity and thought that it was elilcited by the irregular
digestion of some particular form of food, »

Thus by the mide-nineteenth century a large body of
opinion considered rubella to be unrelated‘to eithor measlesg
or scarlel fever, However the disease had Vo await the
Seventh International Medical Congress of 188l before it
recoived general recognitlon ay a seporabe disease,

While the controversy over the velationship of xubella
to other digeages was conbinuing, much confuslon was also
caused by the different terminology. The early German
workers used the names "Ribtteln", "Rotiteln" (Sennertyl6l9)
and "Rotheln"” (Pechlin, 1671); this lagt term was inbroduced
into the United Kingdom by Paterson (1840).

During the eighteenth and nineteenth centuries, other

physiciang adopted different names for the dlnease.



Selle (1788) used the term "rubeolae" and Babinglon (1867)
althouvgh differventiating the disease from measles, felt that
there was sufflcient rvesemblance to guggest the nawe
"mibeola notha or bastard measles”, Richardson (1867)

- further coniuvged ‘bﬁe sitvation by referring bto “rosalia
idiopathica®, It was in 1866, however, that Henrvy Veale
in a paper desovibing an outbrealk of the disease among
children .and; young adults at the Mount Aboo Hill Station
in the Pregidency of Bombay suggesbed that "Rotheln ig
hareh and forvelgn to our earvs® and that "Rubeola notha
and Rosalia idiopathlica are too long for gerewval useV. e
"yentured to propose Rubella as o subgtltute”. This name
was not a new one ag Richawrd Russel used it to describe
"red gum® of infants in 1755 but alter Veale's suggestion
it came to be accepbed ln Britain and the United States.
However, because of the eavly intervest shown in Gexmeny,
the disecase was also commonly termed "German measleos? in
these countries.

Clinical features and complicablons of rubella

The wecords of the nineteenth and early twentieth
centuries indicated thet rubells was a wmild diseane greatbly
overshadoved by the more lethal illnesses that were then

rovalent and the least troublezome of the childhood
P
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infections (Maton, 1815; Veale, 18663 Babington, 1867;
Rolleston, 1957). So- trivial weve the features of the
disease considered that an editorial in the Idinburgh
Medical Journal in 1940, celebrating the centenary of
Patergon's descriptlon of the disecape, opened “"German
mea@lea has been in the news of late and we hear of medical
officers of health, headmasters, headmistresses, aand othors
glamouring to have it deprived of see. ibe place asg a
notifiable discase and relegalted to the limbe of the minox
exanbhemata sses 8 nuisance rather than an illness". Were
it not for Gregg's discovery the following year of the
toratogenic effeots of the disease theve ig little doubt that
rubella would have cowbinued to be regerded as trivial and
self-limiting for as Dudgeon (1967a) points out, it ig still
a mild disease al least as farx ag the clinlcal feaitures axve
concexrnad,

A detailed a.%lysis of the signg and symploms of
rubella was made by Young and Ramsay in 1963, They considered
that the following features were important for the diasgnosgis
to be made.

1. Mild prodromal symptoms with asbsence of coxyza

but wlth injection of the tonsillo-phaxvyngeal area

agsociated with infection of ‘the upper respiratory

trac 'z’e .
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2o Cervical lymph node enlafgemant with variable
iavolvement of the suboccipltal lymph nodes.

e Suffusion of the eyes, with the complalut of a
gsensabtlion of Ygeittinens" or even photophobia. The
authors considered this to be a most impowtant sign.

4. A macularetype rash appearing behind the earm, on
the face and wapidly spweading from above dowmwards.
The lesiouns become confluent and the exythema
generalised giving a "peach bloom" appearance.

5,  Ocgcasionally petechial lesiong on the palate.

In their series of 114 patients with wxubella 94 per
cent had infjection of the tonsillo-pharangeal avea, 97 per
cent Llymphadenopathy, 8% per cent suffusion of the eyes,
and 17 per cent palatal petechiae.

In non-gpldemic years when the-disease is uvnexpected
and because of the mildness of the phygical signs, the
diagmnosis of rubella is difficult without laboratory help.
The disease may be confused with measles, scarlet fevew,
toxic erythematous washes of drug ovigin, infectious
mononucleosls and H.C.ll.0. virus infections. It is not
gurprigsing therefore that Young and Remsay fownd that the
illnegses in over 20 per cent of patients initially

diagnosed as xubells were in fact due to other causes.



The complications of rubells ave sald Lo be rave
(RiTlbourne, 1963) but while this appears to be twue of
children suffering from the disgeaze there ave several
rveports of adults belng moxve trouvbled by the séquelae.

Fry, Dillane and Fey (1962) noted that 1l of their T4

adult patients with »ubella complailned of arthralgie with
awelling of the joints, vednegss of the skin and pain on
movement, WNine of thase patlents weve women, Symptoms of
compresslon of the median nerve in ‘the carpal tunnel were
also noted in three women. Gregg (1941) also mentioned
thet "en unugual nunber of young adult pabtients suffered
from arthritis and other rhewmatic conditions” after having
had rubella,

Thrombocytopenic puvrpura has also been noted by several
awbhors (Gunn, 19333 Warren, Rogliand;and Pbtsuhay, 19463

Green, Balsamo, Giles, Krugmen and Mivick, 1965) usually

just as the rash is fading., This complication may present . . |

with skin haemorrhages, eplstaxis, bleeding from the gums or
the gogtro-intestinal tract. Purpura is seldom seen in other-
wise noxmal children (Dudgeon, 1967b).

A further complication of rubella is encephalitis.
Miller, Stanton,and Gibbons (19%6) reviewing 80 cases from
the literature noved that the average time of onget of

encephalitis was four days after the appeavance of the ragh.

i1,



Thoy estimated that the incidence of this complication

was one in 5,000 cases but Pampiglione, Young, and

Ramsay (1963) describing ten cases occirming during the
1962-63 epidemic in the United Kingdom, suggested thalb
encephalitis was more common. Xt is from this complication
that death may occur and the moritalily is high. Dudgeon
(1967b) estimated that during the 196263 epidemic, 20 per
cent of the patients died within three days of developing

encephalitise.

¢) Epidemiology

(1) Googravhical distribution

Rubella hos been veported from nearly every
counbry in the world (Wesselhoeft, 1947 Dudgeon, 1967bj
Rubella Vaccine Symposiuw, 1968). It is endemlc in the lawrge
contres of population wherveas in rural or isolated areas
‘tha disease may not recur for several years. For example
an oubtbresk of rubells took place in the Pribilof Islands in
Alasgka in 1940. It was not till 1963 that the disease
recurred when children, returaning homé from school on the
meinland, browght the infection back to the commmity (Brody,
Sever, McAlister, Schiff, and Cubtting, 1965).
(1) Peviodicity

Tn contrast to the two year perilodicllty of measles



rubella usually causes major epldemics every seven to
nine years (Ingalls, Babbotl, Hampson, and Gordon, 1960j
Dudgeon, 1967b). 'This cycle may be broken however, during
times when large numbers of persons arve gathered itogether.
Gregg (1941) mentioned that the epidemic which occurrved in
Australia in 1940 was pavticularly widespread and severes
At that time there must have been an increaged opportunity
for disseminabion of the disease in view of the mobilisation
in that country for the Second World War. Slwmilarly, asg
Ingalls (1967) pointed out, vubella was endemic in the United
States during 1951 and 1952 and again during 1963 and 1964
thege perlods coincide with the hostilitles in Korea and Viet
am,
(1ii) Beasonal bebaviour

Because rubella is not notifisble to the Reglstrax
Genewal it is difficult to accuraitely determine the seasonal
behoviour of the disease in the United Kingdom. However,
fifty general practitioners in practices sealbieved over
Britain make regular weekly weobturng of infectious diseases
ccourring in their patients to the Records Department of the
Royal College of Genewal Practitioners. The returng forx
mbella during 1967 and 1968 have been arranged in &
diagramatic form in figuves 1 and 2 and show thal for these

years the highest monthly incildence was in April and May
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bub an increased number of patients suffering from

ruéella wag noted in January and the numbers did not
mexrkedly decrease till July. Kilbourne (1963) and

Tngalls (1967) believed that rubella ls a disease of the
gpving wonths but the figuwes of the Royel College of
Genexral Prachitioners suggesl that the disease is prevalent
for a longer period in the United Kingdom and includes the
latter half of the wintex.

(iv) Age distribution

Most authovs ave agreed that rubella is ware in
the {irst six months of life and in pevsons over 40 yeawvs
of age. IHowever, the disease has been reporited in the
nevborn (MeCracken, 1963) and in a patient aged 82 years.
(Simpson, 1940). There is some disagreement about the age
at which the majority of infectiong occuw, Ingallé,
Babbott, Hampson and Gordon (1960) considered that children
of school age had the highest incidence whereas Dudgeon
(1967v) notbed that the age-distribution of rubella had
changed during the past 60 years from being a disease of
early childhood Lo one that chiefly aflfects young adults.
It may be that because of the wecognition of the hazawrd of
rubellsa in pregnancy, the increaged sevewity of the complice

ations in older patienis and the disrvuption caused by



outbreaks in instiltubtions and among nurses and Service
recrulis, more ablention is now pald to the disease when it
ocours in young adulis.

(v) Sex incidence

Aycock and Ingalls demonstrabted in 1946 that up
till the age of five yearg there ig 1ititle diffewrence in the
atback rate of rubella bebuwecen males and females but thereafter
females are morve likely to develop the diseage %han males,
Thig finding was confirmed in a survey undertaken in 1963
by the Epidemic Obsexvalion Unit of the Royal College of
General Practitionerss in the childbearing period fyvom 17
;yp 44 years of age the atback rate in women without a
previous history of wrubella was 5.5 per cenb, bub only
0.6 per cent in men of the same age. This difference is
presunably due to the clomer contact of children with theiw
mothexs than their fathers bub as menbtioned in the repoxrt of
the Royal CGollege of General Practitioners the contrast is
go conglderable that possibly there ig some othey contrlbuting
factor.

(vi) Incvbation period

As early as 181% Malton established that the
incubation period of rubella was from 17 to 26 days and
although mogt authors conslider thal it is usually 16 to

18 days, there ls agreement with the range given by Mabon
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as extremes of 12 1o 22 days (Dudgeon, 1967b) have been
recorded.

In an experiment Gonduched by Anderson in 1949
rubella was transmitted to human volunieers by spraying
the naso-phaxyngeal region with infected throat washingss
the rash appeaved 13 to 20 days afterwerds although lymphe
adenopathy could be detected after 7 to 8 days. This work
has been repeated with almost identical wesults (Green,
Balesano, Glles, Krugman, and Mirick, 1965),

d) Teratogenic effechs of rubella

Up till 1941 no trace can be found in the literature
of evidence that vubella conlracted during the course of
pregnana& ig respongible for foetal malformation. In thet
year, however, an unusually large number of patients with
congenital catavact appeared in Sydney, Australia. DIr. Norman
M. Gregg, an ophthalmic suvgeon noticed that this increased
incidence of cataract occourrved after a widespread epidemic
of rubella the previous yeawv. Gregg accordingly inquired
closely into the health duxing thelr pregnancies of the
mothers of the affected infanls., He found that in the
majority, infection with r»ubells had ocourred early in
pregnancy uvsually during the first or second months. Aftex
vegovery the mothers had remained healthy till the birth

of their bables. In his paper, "Congenital Cataract



folleowing German Measles in the Mother" given to the
Ophthalmological Sociely of Austwvalia in 1941, Grege
recorded a sexies of 78 lunfants with congenitol cabtavacis

of whom 67 had a history of matexnal rubelle. The cataracts

were ofﬁen‘bila%eral and 44 of the infants had also congonltal

defects of the heart of which patent ducbug arveriosus was
the mogt common, Midroﬁnthalmia was also frequently found
and, in the vetinve of meveral patients, irrvegular areas of
plgmentation were present. The infants were often difficult
o feed and appeaéed small and ill~nourished. Three years
later Gregs described furbher patients in which the main
defects were buphlhalmog and mental deficiency in additlon
to cataracts (Gregg, 1944).

Greggtls findings were soon confirmed by Swan and
his colleagues (Swan, Tostevin, Moore, Mayo and Blaclk, 19433
Swan, Tosbtevin and Black, 1946) an& other Australian workers
(Caxruthers, 1945; Patwick, 1948). Meanvhile, in many othexr
parts of the world similar congenital defects after matornal
rubella were repovbed ~ in the United Kingdom by Simpson
(1944), Maxtin (1945, 1946) and by Clayton-Jones (1947):
in the United Stabes by Reese (1944), Rones (1944), Erickson
(1944) and Wesselhoeft (1949); ond in Switzerland by

Ianceschetti and Bourguin (1946)..
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In addition to the classical ocular, hearing and
cardiac (efects which became known as the "wubella syndrome"
other congenital defects were later observed. Wabson (1952)
droew attention to the ineldence of hepatosplenomegaly and
Tomdstrom (1952, 1962) to microcephaly. Berge, Brunmhage
and Nilsson (1963) weported thrombocytopenis.

Thus, by 1963 & large amount of information had been
gathered aboulb éongeni'isa,l‘ defects caused by nmabernal rubella.
However, much more lmowledge was soon to be gained as a
widespread epildemic of mubella cccurred in the Tuited States
of America belweon the end of 1963 and the summer of 1964
in which 1,800,000 persons developed the digease (Sever,
Velson, and Gilkeson, 1965). The addiltional fealures
hrought to light by this epidemic have been referred Lo ag
the "expanded xubella syndrome' or "acube disseminated
rubella of the newborn'.

A smmnary of the foetal defects now thought to be
caused by infection with rubella du:fimg early pregnancy is
ghown in table 1.

Although Gregg was the flrst to note the teratogenic
properties of the vivus, descriptions of poszilble cases of
congenital rubella can be found in earlier literabuve, For
instance, James.i'-fs,rdrop in 1813 published an account of

the history of James Mitchel, & bhoy born blind and deaf and
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in 1892 L@udhvéescrihed a pergon suifering from pulmonaxry
gbenogis aspociated with deafness. Although the authorg

do not refer to maternal rubella the lesiocns are in keeping
with a diagneosis of congénital rubella,

Many abbempts have been made since 1941 o assess
the incidence of defects in infants borm of mothers infected
with ribellsa during the early mouths of pregnancy. Swan
(1949) estimated from retrospective studies that 80 to 90
per cent of puch infents were malformed. ILalter prospective
investigations however showed a much lower proportlon,
Tondstrom (1952, 1962) found an incidence of 10.0 pew ceut
in Bweden and in the United Kingdom during 1951-52, Manson,
Logan and Loy (lQﬁO)'found that 15.8 per cent of children
wvhoge mothers had rubella during the firvst twelve weeks of
pregnancy had malformations vhen examined at two yeexrs of
age compared with 2.3 per cent in a control group. In
addition there was an increased risk of abortion and stillbleth,

Rubella contrachbed by the mother duving the Fivst
month of pregnandy is more likely o produce a severe
defect than In any of the subsequent monthﬁ. Pitt and Keir
(1965) studied 103 children whose mothers developed rubella
during the Tivet 16 weeks of their pregnancies; they reporied

major defects im 60 per cent of children after infection in
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the fivst four weeks, iIn 33 per cent after infection from
the £ifth to twelfth week and iun H.7 pex cent from the
thirteentlh to the sixteenth week of gegitation.

Mdgeon (1967¢) ealculated that afier maternal
rubella during the finst 16 weeks of pregnency approximately
30 to 35 per cent of foetuses were affected when aboriions
and stillbirths were congldered in addition to malformationsg.

Isolation and transmigsion of the rubella virus

Probably the first attempt to isolate the causative
agent of rubella was made by Hess in 1914. He uwndertook
e baciterioclogical cxamination of the blood of infants
suffering from the disease and also inoculated rvhesus monkeys
with these specimens. In no case, hovever, wag an organism
isolated and apart from a rise in temperature noted in one
oi the moukeys niveteen days aflter inoculation none of them
was otherwise affected,

In 1938 Hivo and Tagaka succeeded in transmitting

the disease to children. They injected subcutauneously a

filtrate ofnas@phamyngeal washings collected from patients
during the prodromal stage of the disease and up to 50 hours
after the appearance of the vash, into 16 children without
a previous higloxy of rubella. A rash developed in four of

the childven and two had cexvical lymphadeunopathy without



any skin exupbtion,

Habel (1942) attempted to grow the virus on the

" chorio-allantois of chick embryos and although no lesions

developed he was able to infect rhesus monkeys with this
material after five sub-cultures. It has nob been possgible
to confirm bhis work (Dudgeon, 1967b). |

Twenty years were to_eiapse before the firgt
succeselful igolationg of the zubella vivug were reporited
by workers in the United States. VWeller and Neve working
at the Howvard School of Tropical Public Health, Boston,
igolated the agent from the blood and urine of four patients
suffering from the disease by vhe inoculation of human skine
mugcle bissue cultures and primary humaa awnion cultures
Parkman, Buescher and Avtensteln at the Walter Reed Arvmy
Instituﬁe of Research, Vashington, had gimilar success with
material from the nagopharynx vhich they inoculated into
primexy African green monkey kidney cultures.

Within a short period of time isolatlon of the
rubella virug became a gltanderd yprocedure in many laboratories
throughout the world.

Tmmunity to rubells

hortly after the establishment of the laboratoxry
diagnogis of xubella many advances vere mede in the understand-

ing of the immmity to rubelle. Studies in diffevent
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comnunities demonstrated thalt s large proporition of adult
women possessed serum snbibodies, Dudgeon (196Sj noted
that 84 per cent of vomen at a London obstetric hospital
at the time of delivexy, had antibody Lo rubella end
Oxford (1966) found that the proporiion was T6 per cent
among pregnant women In the Sheffield avea, In similav
studies in Canada (Givan, Kozee, and Rhodes, 1965) 80 per
coent- of the women examined possesged antibody and in the
United Stabves (Sever, Schiff, Bell, Kapikiaun, Huebuner,
and Traub, 1965) 83 per cent,

Because of the larvge number of pergons with antibody
fo rubella it is diffioult, at least in Britain and America,
to demongtrate differences between communities. In a
report to the Public Health Ieboratory Service Rubella
Working Party in 1967 Hulchlingon found that 83 per cent of
gserum specimens obtalned from avound Lelcester contained
rubella antiboldy compaved with 94 per cent of those from
Manchester, Although the difference ls not very impressive
it may indicate that a person fyrom a congested city is moxe
likely to have antibody to rubella.

The possession of sexum antibody is welated %o
Immonity. This was strikingly shown by Greeun, Balsamo,
Giles, Keugman and Miwick (1965) who abiempted to infect

children either by inoculation of serum obtained from patients
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with rubella or by contact with such patients. OF
B4 children who did not possess serum aeutraliéing
antibody in a dilution of 1 3 4? 46 (85 pew geﬁt) developed
rabella, whereas all 37 children possessing antiﬁody above
this dilubion were uniformly reslstant o infection,
regoyrdless of the typé of exposure. Noveover, sﬁsceptible
-inéiviéuals are usually devoid of anti?q@y at the onset of
iﬁfection and aoquir@.it during convalescence.

The,number of peréons with sexvm antibodies found
in the vafious oammuniﬁieé ig much greater than would be
expected on the basis'cf a past history of cliunical illnesg.
The reason for this pxobably lies in the fact that asymptomaiic
infection ig common, Rbrstm&nn, Riovdan, Ohtawers and
Niederman (1965) found the ratio of clinical to inapparent
infection was approximately L to 1 but Buescher (1965) put
the waltio as high as 1 %o 6 in a study he undertook in army
reeruité. Thig important finding threw light on such problems
ag the birth of bgbies with deformities typical of the rubella
gyndrome but whoge mothers had apparently not had rubella
during pregnancy. Avery, Monif, Sever and Leikin (1965)
reported seven such inetances.

A a reéulﬁ of the large proportion of adullt women
wholare immane , mnst nevborn infentes are protected at bivth

and for the first few months of life by maternal antibody.
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By the sixith month of life this has usually disappeared

and thereafter the incidence of antibody increases with

age and ‘the risk of exposuxre (budgeon, 19670). Oﬁoe
acquired immwmlty appears to last for many yeaxs if not
indefinitely. The study undertaken on the Pribiiaf Islands
(Brédy, Sever, MeAlister, Schiff and Cubbing, .1965)
demonstrated that pewsonsg who had developed rubella 23 years
previéusly wére r@éistant to reninfecﬁioﬁ.

g) Prevention of rubells

Until the tératngenic properties of the rubella
virus were recognised little eifort was direcled towards
prevention of the_disease. After 1941, hovever, energetic
measures were taken in thig divection,

Passive iﬁmunisation after exposure with eithex
pooled plagma nﬁ inmonoglobulin was %he only available
means of attempting té prevent the disease uwnbtil the rubella
vivrus was isola$éd. Thig advance, however, made poagible
the production of live vaccines.

(1)  Paggive immmisation

A

Numerous investigations have heen oprried out in
various parts of the world to try and determine the
protective efficacy of pooled plasma or immmoglobulin when
given to rubella contactg. The first recorded account of

pooled plasma being used in this way was given by Barvenberg,



Levy, Greenstein, and Greenbexrg in 1942, They injected
intramuscularly 30 ml. of pooled plasma to each of

several children who were in a waxrd where there was

intinate conbact and repeslbed eﬁposure to rubella. None

of the fnceulated children developed the diseage. The
authoré did ndt gtate the number of children who took part
nor did ﬁhey'have a control group, Although this investige
ation gave presumptive evidence of pxoﬁeefion afforded by
the pooled plasmn the absence of a contwol group of uwninoculated
children made 1t difficult to know whether the disappearance
of rubella was due to the administration of the plasma or to
some other olrcumstance. |

Aftew this initial imvestigation a succession of
gtudies to determine the value of immunoglobulin in contacts
of rubella were made; the results indicated that this
substance had also a protective effect (Korms, 1952;
Anderson and Melowinan, 19533 Houser and Schalet, 1958;
Graysbon and Webben, 1959; ILundstrom, Thoren, and Blomguist,
1961),

Moxe wecently MeDonald (1963) in a controlled
investigation carvied out at the Founbtain Hospital, London,
compared the incidence of the disease in a group of 94
children selected al random wvho were each given 250 ng

Immanoglobulin and an wninoculated group of 89 children
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vho acted as controls. None of the children had a previous
higtory of the diseage bub all had been vecently exposed to
rubella before inoculation. Sixteen developed wxubells

- dncluding four childven whose illnesses began within three
days of the date of inoculation. Of the vemainder only two
(2.2 pex cent) of the children given immunoglobulin developed
the disease compared with 10 (1l.4 per cent) of the controls,
thus suggesting that ilmmunoglobulin had some provective
effect.

Another study demonsireling the prophylactic value
of immunoglobulin was made in 1964 by Brody, Sever and Schiff
in the Eskimo village of Barrow in Alaska. Hubella had been
abpent from the arvea during the previous 12 years and afiter
its introduction the dimease spread rapidly in children of
11 years of age and under. The epidemic began in December
1963 and ceased three months later after involving at least
69 of the 118 school children in the village. As the
proporbion of susceptible individvals was large a twial of
immnoglobulin was carried out in the local school, After
withdrawal of a blood sample AY9 boys were given immunoglobulin
(0.25 ml per pound bodyweight, rubella neutralising antibody
titre 12512, concentrabion not stated) and, on the agsumption
that it was better to allow glrls to develop the disease to

confer lasbing immmity, they were left uninoculated to act
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ag a coontrol group. HRecords were then kept of the
occurrence of rubella in the two groups and also in 13

males who had not been given immmoglobulin. Approximately
one month later a second blood sample was btaken to detect
rigea in antibody titre. Belfore inoculation and Ffor several
days afterwards, cases occurred in both male and female
children at approximately egual wates. As the epidewmic
progressed, however, the excess of cases among girls became
very apparents O0Ff 56 girls dho did not receive immunoglobulin
50 (89 per cent) developed rubella compaved with only 9

(18 per cent) of the 49 boys who were inoculated. Of the
affected boys five developed symptomg within six days of
recelving immmoglobulin., Paired sera were available fox

35 glrls and 45 boys. Olinical and serological results
agreed in most cages but 15 of the boys glven immmoglobulin
and who did not later have wubella developed antibody,
whereas none of the girls had a rise in titve without haviang
had a wash, Thus the clinical signs of rubella in these 15
boys were suppressed =~ probably by the immmoglobulin -
although they were infected. Also of interest is the fach
that although rubells virus was present in the community for
at least a month after the date of inoculation there was no
increase 1In cases towawds The end of this period among persons

who recelved immunoglobulin, which suggests that the protective
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effect lagsted foxr at least a month.

To asgess the value of immunoglobulin in pregunant
contacts of rubella in the United Kingdom Moﬂonald‘(lQGE)
‘analysed the cage recoxrds of 12,927 women who received
immunoglobulin between 1954 and 1961. The attack vate
within 28 days ol exposure in the home after a dose of
750 mg was 1.48 per cent and after 1500 mg, 1.15 per cent,
A complementvary study by the Royal College of General
Practitioners {Watson and MeDonald, 1963) noted atback
rateg for wninoculated women of between 17 and 44 years of
age after a family exposure to rubella of 347 per cenb, or of
5.5 per cent if women with a past history of rubella were
excluded,

In a later repovt which analysed the vesulis of
inoculation of 30,764 pregnant contacte of rubelle with
Inmvnoglobulin during the years 1956 =~ 62, McDonald and
Peckham (1967) showed that only 1,95 per cent of fawily
contacte and 0,48 per cent of non~household contacts
subsequently developed the disease.

These studies all suggest That ilnmumoglobulin
protects rubella contacts, but unfortunately there is other
evidence thal protection ils sometimes lacking.

Green, Balsemo, Giles, Krugman and Mirvick (1965)

at the Willowbrook State School, Staten Island, New York,
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divided at random inbto two groups T0 children who were known
to lack rubella antibody. To one group they gave ilnmuioe
globulin (0.12 « 0,20 ml/pound body weight, rubella
neutralising antibody titve 1332 bto 1464, concentration notb
stated) and the other group was left wninoculated. An attempb
wag then made to infect the children with xubella by various
means. Twenly wewe given an intramuscular injection of serum
contbaining rubella virug and in 19 otherg the serum was
sprayed on to the phavynx. The vemainder were exposed to

the disease by contact with chilldren who were alveady ill,

The children were then followed up to detect clinical and
gerologleal evidence of infection. OF the 33 children who were
given immunoglobulin 27 (82 per cont) developed rubella,

18 (55 per cent) having an illness with a rashy 34 (92 per

cent) of the 37 uninoculated children became infected, 21
(55 per cent) with a rash., Thus there was no evidence that
immnoglobulin had any prophylactic value when given to
contbacts of xubella.

In 1963 Schiff, Sever and Huebner suggested that
the reason for the conflichbing reports on bthe usefulness of
immunoglobulin in the preveation of rubella was variatlion
in the rubella antibody content of different batches. They
found that there wag an eight-fold difference in rubells

neutralising antibody (256 toV2648) in 19 samples of



American immmoglobulin which they tested. Oxford (1966)
noted a similar disparity in antibody titve between
dmmunoglobulin of Dulch and British mamufacture - the latter
gave consigtently higher rubella antibody titres.

MeDonald (1963) considerved that the time of
adninigbration of immumoglobulin in relatbion to the contact's
exposure to the infection might also be a factor in
determining protectbions: the attack vrate in home contacts
vas less If the injection were delayed till The fifth day
after expogsure when the immunoglobulin might bHe more
effective in contiel of the viraemic phase of the illness,

A further explanation of the disgappointing results
was given by Murphy and Reid (1967) who thought that as
antibodies to lmmunoglobulin may be formed after previous
therapy (Stiehm snd Fudenberg, 1965) these moy neutralise
the effect of g fubture prophylactic dose.

It is clear that desgpite the number of sbudies
confusion gbtill exists on the value of lmmwmoglobulin in
preventing rubella. Althowgh geveral of the investigabions
were uncontrolled and carried oub before laboratory assisbtance
wag avallable, it ils difficult to disregard the woxk of Brody,
Sever and Schiff (1965) that gave convincing evidence of the
valvue of immunoglobulin, nor theegually convincing study of

Green and his colleagues (196%) who showed that it did not



prevent rubella. Vhatever the explanation, none of the
imvestigations that were controlled and complemented by
seﬁum anbibody titrations, gave any information about the
problem of protection of the rubella contact who is in
eorly pregnancys +this of course is the vital issue.

(1) Active immmisation

The isolation of the rubells virus, bthe better
understanding of the causal relationship between maternal
rubella and congenital abnormalily, the uncertain benefit
of pasgive immmisation against rubella and the births of
large numbers of deforxmed infants after the rubella epidemic
of 196364 in the United States gave new stimulus to efforts
to develop some form of active immunisation against this
digease. Tormerly many auvthorities adveocaied the deliberate
exposure of young girls to rubella in the hope that they
would become infecled and so develop natural lmmumity. This
procadure has its dangers in that further spread of the disease
cannot bhe weadily conbrolled and, since many infections awe
mild or subelinical, the virus may reach women in early
vregnancy (Lancet, 1966).

The first attempts Lo produce a live rubella vizus
vacoine were reported in 1966 (Pakaan,lﬁbyer, Rirschsbein

and Hopps, 19663 Meyer, Parkman, and Panos, 1966). The
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strain of rubella virus that they used was altenuated

by 77 passages in primary African green monkey kiduey cell
cultures. This strain, designated HPV-T7 (high passage
virus) productd an antibody response in 68 to 96 per cent

of suscepbible children (Cooper, Giles, and Krugman, 19683
Meyer, Pavkman, Hobbins and Banils, 1968; Lepow, Vewronelli,
Hosteblew, and Robbins, 1968). Clinical rubella and
virvaemia were not noted in the childwen who received the
vaccine and desplbe the fact that rubella vivus could be
recovered from the nasopharynx of 50 to 70 per cent of vaceclin=
ated children there was no spread of infeclhion to susceptible
contacts,

Although the vaccine dld not eveke as grealt an
antibody wesponse as alter the natural &isease, the titre
was sufficlent te protect against subsequent infection.
Five girls who had been vaccinated eight months to one year
previously with HPV-TT were challenged iantravazally with
nabural rubella vivus (Meyer, Parkmen, Hobbins sud Ennis,
1968). None developed clinical or vieological evidence of
rubella. By contrast a contwol group of five unvaccinated
suseeptible girls all developed lymphadenopathy and three
had a rashy on the twentyfirst day of illness rubella
antibody was detected in all these unvacclinated givls.

Thirty vaccinabted persons in thig study have now been

32,
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followed for a year and the rubella antibody induced by
vaceination ig still stable,

One votential hazard of a live rubella virus
vacelne is of affecting the foetus if the mother were
vaccinated during early pregnancy. Prelimlnar experimental
work in pregnant monkeys (Pavkman, lMeyer, Hopps, and
Kirschs olu, 1967) showed that the attermated virus does
not cposs the placental Larrier. A more vecent study in
whileh pregunent women without antibody to xubella were
vaceinated up to btwo weeks before undergoing a them peutic
gbortion, falled to demonstrate thal the virus had been
trabsferred to the foetus (ﬁtrukqwag 1968)., ‘'The numbers
taking part in this iuvestigalion were small, however, and

r

in view of the importance of determining the teratogenicity
of the attenuated rvbella virus this point vequires further
gerubiny.

Summaxy of the histborical position to date

(i) After ab least two centuries of confusion with
measles aud scarlet fever rubella is now eatablished as a
disease in its own xighba

(1) Althovgh the cliunical features ave well vecognised
it may be difficult on physical examination to distinguish

it from other diseasesy 4t is therefore gtill misdiagnosed.
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(ii1)  Rubella has a world-wide disteibution and

epidenics occur every seven to nine yearss most cases have
heen noied in April and May.

(iv) The teratogenic effect of rubella contracted by

the mother duxing the fivst four months of pregnancy hag
been confirmed by many studies.

(v) Rubella is caused by a vixus, the isolation of which
rapldly led toxreldiable disgnostic procedures.

(vi) Over 80 per cent of adult women in Burope and bhe
United States have been found to possess ruvbella antibody.
(vii) Degpite sevewal invegtigations into the prophylactie
effect of immumoglobulin, the value of this substance is gtill
in doubt.

(viii) Studies with live~attenuated wubella vaccine have
shown that 1t evokes an antibody wesponsge uwhich is proteciive
and that the abttenuated virus does not spread to susceptible

contacts,.
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CHAPTIR 3

GINERAL PLAN

This chapter describes only in outline the different
field studies that were undertaken and shows the way in
vhich each contributed to the evaluation of ilumunoglobuilin
when glven to pregnant rubella contacts.,

Although the invegtigations were complementary
it appeared logical %o describe them sepavately with the
results obtained., Thus each of the following three chapters
gives an account of the proceduves adopted for each study
and reports on the findings. An account of the collechlon
and handliug of the dabta, laboratoxy wmethods and examples of
protocols and wecord cards ave given in the appendices.

In most of the investigations the vivological
exanination of specimens was performed in the Public Health
Laboratories at Bedford, Bristol, Cavwarthen, Colindale,
Coventry, Leeds, Livexrpool, Manchester and Wewcastle. As
facilities were available at these laboratories the field
studies were usually carvied out in adjacent areas.

Because of the evidence that pergons who have
acquired antibody o rubella are vesistant to reinfection
with the wrubella virus (Green, Balsamo, Giles, Krugman, and

Mirick, 1965) a survey was underitaken to debermine the
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serum rubella antibody titres among women of childbeaving

HN

aga'and so'estimaﬁe the proporition at xisk to infection.
The relationship of the pavticipantfs anbibody titre to the
locality in which she lived, age, place of oxigin, history
of previous illnesses diagnosed as xubella, number of
previous  pregnancies, miscarviages and stillbivths weve noted.
It was helievéa that an initialuinves%igation of
ﬁhis-kind was neéassary to form a foundetion on which to
base the subsequent studies.
To aggess the propghylactic value of immunoglobulin ¥
given to women in the fivet fouvr months of pregnancy because
of wecent contact with rubella it was considered Important
o determine three facts:
(1)  ‘the attack rate of rubella among pregnant contacts

of the diseage who had been given immunoglobuling

(i) the Tubella antibody titres of the immunoglobulin
useds

(111) the stback rate of rubells among an adequate control
ST0UP

In England and Wales when a doctor is congulied
by a patient in eaxly pregnancy who hag vecenbly been in
contact with a person suffering from xubella, he may obtain

.

a supply of immunoglobulin from the neavest Public Health



Laboratory. Advantage was btaken of this standard procedure
to arvange for the collection of palred blood samples f;om
pregnant rubella contaclts, the first sample being taken
immedintely before administgring the immunogiobulin and
the second six weeks later. By comparing ﬁhe antibody
titres in the two sampleg Lt was possible to determine if
infectvion had taken place. In addition the doclor was
agked to toke swabs from the throat and nose of the person
who was suffering from rube}la (the index case) so that the
diagnosis could be confirmed by virus isolation.

To enable the prophylactic value of iImmunoglobulin
to be assessed without the suspicion that any failure to
protect might have been due to low xvbella antibody titres
in the batches used, samples taken from jwmmunoglobulin
igsued Trom the manufacturers during the perlod of the
investigation were titrated. Based on this information

gbocks of lwmmmogleobulin of high rubella antibody titre

were veserved for the study. In addition it was possible Ho

obgerve the range of rubella antibody titres in the balches
of iwmunoglobulia In current use.

In an ideal controlled investigation the preguant
rubella contacts would have been divided iunto two groups

by random allocation aad one group gliven lwmmunoglobulin but

37+
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not the othewr. This procedure could not be followed

for ethical reasons since there was previous evidence that
iwmunoglobulin might protect the foelus. It was decided
that the control gwoup that came closest o the ideal
conprised wonmen of childbearing age who weve in contact
with rubella bubt who were not pregnant and so did nob
requive pretection; For this purypose doctors working in
general practice were invited to send paired serum samples
from non=pregnant rubélla contacts and nose and thvoat swabs
from the index cases. Thus the only differences bebween the
inoculated and control groups were that one group consisbed
of pregnent women glven iwmunoglobulin and the other of
non-pregnant women not given immunoglobulin.

To debermine the infectiousness of ‘the rubella vivusg
uﬁd&r different civcumstances the following factors were
considered:

(1) the atback rate of wubella afler exposure to

the dlseage in the homes
(11) the attack rabte after exposuve outside the homes
(i11) the attack rate after exposure in a semie-

residential community.

The rigk of infection iungide and outslide the home

among contacts was caleulated from the information obtained
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during the investigation to determine the prophylactic
value of immunoglobulin,

Aa opportunity to study the r»isk among contacts
of patients suffering from rubella in a semi-regidential
commmity arose when an outhreak occurred at a Police Training
Collega. Ag with The previous studles paired blood samples
vore withdrawn from the contacts of the patients suffering
from rubella and titrated for rubella antibody to determine
the number who became infected.

These various investigations algo gave informatlon on
the influence of the sex of the contact on the suscepbibiliby
to infection with the rubella virus. Similarly in female
contacts it was possible to detexrmine if pregnancy altered the
sugceptibility.

Becausge all the ingquiries degcribed in this thesis were
based on laboratory as well ag clinical findings it was possible
to compare the attack rate of rvbella determined on serological
gbtudies with that on clinical grounds and so estimate the
frequency with which subclinical lufections occunxed.

Moreover, the incidence of subelinical infection
among the women given immunoglobulin was compared with the
incidence among ﬁheluninoculated control groups; in this

way the question of wvhether immmoglobulin acts merely by



40.

su@pressing'the clinical features of the disease vathew
then by preventing actuml infection, was examined.

Sinee an attack of rubella wesulis ln the formation
of anﬁibo&y that ig long lasting (Brody, Sever, McAlisbeny
Schiff and Cutting, 1965) it may be inferred that the
presence of rubella anbibody reflects previous, bub not
necessarily ieéent, infection and that personsg who lack
antibody are unlikely to have -had rubella in the past. The
frequency of second abtacks of xubella could therefore be
aggesged by noting the mumber of persons who already possessed
antibody and had a further rise in titre after combact with
wubellaa

In summaxy, three linked investigations were designed
to examine the various poinﬁs vaised in this thesiss
(i) a serologlical survey of adult females not vecently

in coubact with rubellas
(i) a cvmparisbn of the atlack rate of rubella among

women who had been given immuoglobulin after
- gonbact with the disease while in the first fouxr
months of pregnancy, with an winoculgted control
groups
(iii) a study of the spread of wubella in a semie-

residential community.
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Becavse these investigations were conducted in
various parts of the United Kingdom and ilavolved many
people ~ labovatory workers aad doclovs in general practieé -
1t wag necessary to have glandand ﬁethods. These will bhe
desceribed in detall in the succeeding chapters but in general
the following procedure was common to all the investigations.
Protocols describing the organisation of the studies
and standard wrecord cawrds were degigned and distributed.
Suitable specimen sets for taking throat and nose swabs and
blood from patients were also sent to doctovrs. ITu addition
control gera were isspued to the participabing laboratories
to ensuve that the serological resulbs were uniform.
Until October 1907 the serum rubella antibody
titres were detexrmined by the neuvlbraligation tegt. Durving
the remalnder of the investigation the haemagglutination~
inhibition (HeA.I.) test was used exclusively as il was found
to be more sensitlive, less time~-consuming, and geve compavable
results ('ﬁ;‘iald9 Vandervelde, Thompson mud Hutchinson, 1967).
For this investigation serum neubtralising titres greabter than
1 3 4 and haemagglutination=inhibibing titres grester thaﬁ
1 s 8 were regarded as indicative of immmity to rubella.
When completed the wecord cards vere weburned to
the BTpldemiological Research Labowatory, Colindale, London,

where they weve checked, coded and analysed.
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CHAPTIR 4

4 SEROLOGICAL SURVEY TO RUBELLA OF ADULT FEMALES

NOT RECENTLY IN CONTACT WITH THE DISEWASH

Material and Methods

This survey to determine the propoxwtion of women who
possess antibody to rubella stavited in Januvaxry 1966 aand was
completed in November 1967. Ten arveas in Eigland and Wales =~
Bedfoxrd, Bristol, Carmarthen, Coventry} Keighley, Leeds,
Liverpool, London, Manchester and Newcastle = were Involved
go that geographlcal differences in serum antibody titwes could
be examined.

As it was latended to study women mainly of childbeaxing
age, obgtetriciang in charge of ante-natal clinics wvere approached
and arrvangements made for the collection of aboubt 2 ml. of venous
blood at the time other samples routinely requived durving early
pregnancy were obbained. Samples fvom older women were provided
by othex hospital departments.

A protocol describing the methods to be used and standard
recoxd cards (form 13) weve distributed to the doctovs taking
parts The card vecovded the following informations: participant's
name, address, nationallly, age, possible histoxry of zubella and
date of infection, nuwmber of pregnancies, miscarriages and

gtillbirvths and vubella antibody titre. BRach card was stemped



with a number to identify the voman and the region in which she
lived. Provision was made on the caxrd for coding the information,
Exomples of the protocol and record card arve shown in the
appendix (pages %1, ®ii).

The wrecord cawd was usually complebed immediately befowe
the blood sample was baken. Where thig was not possible, the
information was exbracted from the patient's case sheet,

Blood samp}es were elther dispaiched diwectly to the
local Public Health L&bor&fory or atored in a refrigerator ab
+4°0 until bransport was avvanged.

Rubella antibody titrations were carvied out dy means
of the serum neutralisation test (pase e Titres were
entered on to the wecord cards which were then sent 4o the

Spidemiological Regearch Laboratory for analysis.

Resulls

A total of 2,007 blood samples were collected from
ten different aveas of England and VWales. Table 2 ghows the
antibody titres of the sera according to area. Because of the
proximity of Leeds and Keighley the results have been combined.
Of the total, 184 (9 per ceont) with tilres less than 1 : 4
wvere regorded as susceptible and 1,779 (89 per cent) with btitres
of 1 3 8 or greater as immme due to past infection. In the

small numbex 44 (2 per cent) with titres of 14 the resulis
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have heen regarded as eqguivoecal és it ig doubtful if a titwe
of this size is real evidence of past infection and probably
represents nonwspecific viral inhlbition in the newtralisation
teat.

The proportion of women suscepbible to rubella vawried
in the different areas ranging from 20 per cent In the london
avea to 4 per cenb in Leeds. This difference was statigtically
significant (x2 = 50,86, P <0.001). Coventzy (5 per cent),
Bedford (8 per cent) and Monchester (9 per cent) also had a low
propovtion of suseceptible women. Taking all arveas into consld=
eratbion an average of 9 per cent of women of childbearing age
weve suscepbible.

The pubella neutralising antibody titres found in the
different age groups are shown in table 3 and figuwe 3. The
age groups covered five-year periods from 15 to 45 years. The
proportion susceptible fell from 16 per cent in those betveen
15 and 19 yeaxrs of age to 1 per cent in those over 40 years.
This difference was statistically significant (x2 = 28e2y
P ¢0.001) but thewve was little change in the proportion
sugcepltible in the age groups between 20 and 39 years.

Of ‘the women investigated, 220 (11 per cent) came from
countries outside the United Kingdom; West Iadians contribubed
35 per cent of this total, Indiang end Paklstanis 20 per cent,

Tuvopeaas 14 per cent and Afvicans 7 per cent (table 4). The



Turopeany, Indian and Pakisteni vomen had a similar propoxition
gsusceptible to vubella as British women, However, VWest Indian
and Afzican women had a higher proporiion. Alithough the Britbtish
grovp was much lavger than the West Indian or African groups,
the differonce between the proportion susceptible was
stabistically significant (x° = 25,12, P ¢0.001).

The higtoxry of o previous aititack of rubella was examlned
in zelation Lo the presence of neutralising antibody (table 5).
Of the %45 participants who remembeved having had an attack of
rubelle only 5 per cent lacked antibody compaxed with 12 per ceut
of the 1,100 who denied previous illness snd 9 per cent of those
who did not know. Jdgain this difference wag statistically
significant (x> = 20423, P <0.001),

To examine wvhebther women wilth large families would be
more likely to possess immunity bto rubella because of the
increaged rigk of contact with an infected child, auntibody
titres, according to the parity of the woman ave shown in table 6.
Apart from the high propoxtion (29 per cent) of susceptible women
among the small gwroup who had never been pregnant, there was
little difference in the distribubtion of antibody titres hebween
the various groups. The diffevence did not attain statlstical

>
significance al the one per cent level (x° = 7425, 0,02 >P <8.05).



0f the pavbicipants 411 (20 per cent) had a histoxy
of miscarriage or stillbirth. The distribution of the serum
neutralising antibody titres according to the number of
wmiscarriages or stillbirthg reported is wecowded in table T.
There was little vaxiationwin the bitres between the different
groups; women who had previously had a miscarrviage or stilibirth
were as likely to be susceptible to rﬁbeila as those withoub

such a higtory.
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CHAPTER &

AN ASSESOMENT OF THE PROTECTIVE WEFECT OF IMMUNCGLOBULIN

WEEN GIVEN TO _CONWACTS OF RUBELLA WHO ARE WITHIN THE

PIRST SIXTEMN WEEKS OF PREGNANCY

Veterials end methods

The three linked studies considered necessary for the
adequate evaluation of the pwrophylasctic effect of immuno-
globulin when given bto pregnant rubella contacts axe
described in this chapter. The perlod of the investigation
was fvom Decembex, 1965 to December, 1968,

(i)  Meogurement of the rubells antibody titwes of

various batehes of immunoglobulin in current use

for rubella prophyvlaxis

Although most of the immunoglobulin issued in England

and Weles is menmfactuved by the Iister Institute of Preventive

Medicine, Flstree, Herifordshire, it is distributed to
practitioners by laborstories of the Public Health Laboratony
Service which arve supplied from a cenbtmal stock held at the
Tpideniological Research Laboraboxry. As the material usually
gpends some time at the Epidemiological Resesrch Laboratoxry
before distribution o the other laboratories the opportunity

wag taken to have samples of 15 batches issued by the Ligtex

47
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Ingtitute between December 1965 aﬁd July 1968 bitrated

for rubella antibody. Bach bateh waé vecently prepared and
had at least two yesrs till the date of expiry. The
titrations were performed at the Vieus Reference Laboratory,
Colindale, using the rubella neutralisation test.

Tive batches of Immunoglobulin wexe rezserved for the
pregnant rubella contacts who participated in the investigation.
Two of these batches had rubella neutwvalising titres of 1 ¢ 320
(IKG 123 and IKG 131); +the remainder had titres of 1 3 120
(TXG 127, IKG 138 and IKG 141).

(ii) Egbimobion of the atback rate of rubells among

women who had been given immunoclobulin alfter contact

with the disease while in the fiwst four months of

Rhesnancy

This enquiry was conducted in aveas of Ingland and
Wales served by the following Public Health Leboratoriest
Bedford, Bristol, Carmarthen, Colindale, County Hall (London),
Croydon, Coventry, Bpsom, Fxeter, Ipswich, Leeds, Liverpool,
Neveagtle, Northallerton, Noliingham, Oxford, Peterborough,
Portesmouth, Salisbury, Sunderland, Swansea, Taunton and
Winchester.

A protocol outlining the stvandaxd methods to be used
and record cards (Pregnant Contact Record Card (1), Pregnant

Contact Record Card (2), Index Case Record Card) were
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Qistributea to all concermed. Examples of the protocol and
record cards are shown in the appendix (pagesxyi iz, xxi, xxiil)a
In addition; at least one visit wag paid bo participating
laboratory direcbtors so that difficulties could be discussed
and a wniform policy arranged.

Bach record card wag stamnped with a serial number to
ldentify the paitient, general practitioncr and issuing
laboratory.

To facilitate the transport of specimens from the
geneval practitioner o the laboratory, special packs wewre
deslgoed (see page wyi) that contained the following itemsie

1. One detailed instruction sheetb (pagx:xfgii) ‘

2., One MeCartney bottle (& fluid oz.) for collection

of the blood sample.

3. Two gtewile swabsticks (throat and nose).

4, Two bijoux bobttles contbaining virus btransport

medivm (page gy )»

5. Two cavdboard containers in which the MeCartuney

and biljoux bottles were placed.

6. One leak-proof padded envelope.

7. One numbered Pregnant Contact Record Carxd (1).

8. One Index Case Recoxd Card.

9. One pre-paid label for weiturn of the specimens.



A stbock of these items and a supply of immunoglobulin
taken from the reserved babches were despatched to the various
laboratory divectors involved for issue to general
practitioners.

The procedure at participating laboratories was as
followg : when a practitioner requested immunoglobulin fox
a woman in the fivet four months of pregnancy who had bheen in
recent contact with a patient suffering from rubella, hie was
told of the investigation and, 1f he agreed to bake part, a
rack including an ampoule containing 750 mg. immunoglobulin
taken from the weserved batch, wos sent o him,

On receipt of the pack, the doctor arranged to collect
between 2 and 5 ml. of venous blood from the pregoent rubella
contact, injected the immumoglobulin intramuscularly and
entered the relevant clinical details on the Pregnant Contact
Record Card (1)e

When possible, and p&fticularly when the souxce of
rubella was a member of the same household, the doctor was also
asked ‘to take throat and nepal swabs from the index case. The
swabs were immediavely dipped into the virus transport wedium
contained in the two bijoux boltlegs. The doctor then complebed
the Index Case Record Card giving clinical details of the case

of rubella. Because many of ‘these patients were young childwven,
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blood sgmples were not roubinely collected from thems

Specimens weve sent by the gquickest available means
(usvally by post) to the laborabory designated to carry oul
the vivological examinations.

If there were any delay in sending specimens the doctor
waa asked elther o keep theun ab +400 (i.e0 usually in a
domestic wefrigerator) wantil suitable transport could be
arranged or else bto send the blood samples to the nearest
Public Health laboratory for separation of the serum and onward
tronsmigsion to the appropriate centre.

Six weeks after the fiwst blood samﬁle wag obtained,
or soonexr if it had been taken some time after the date of the
pregnant woman's conbact with the index came of rubella, a
second pack containing a MeCaritney ﬁottle, cardboard container,
standard record card (Pregnant Contact Record Card (2) ) and
pre~paid label was sent to the doctor with a request for a
further specimen of blood from his patient. The doctor was also
asked to state whether or not the patlent had developed the
¢linical gigns of the disease, If the second specimen were not
received at the lahorstoxy a veminder wag gent about a month
laters

Until Octbober, 1967, second blood samples were requesbhed
for all contacts who had given a first sample in order fo

determine the proportion of conltaclts suflfering from second abtacks



of mvbella, By this time, however, il was considered that

a sufficient number of paived sgpecimeng had been collected from
those who were already immune. Thevealter the coilec%ion of
second blood samples was restricted to those vho were initially
suseeptible.

Also in October 1967 it was declded bto increase the doge
of immmoglobulin given to a home contact of rubella to
determine if this reduced the albtack xrate. The initlal dose was
Increagsed to 1,500 mg. In addition a further 1,500 mg. was sent
fo the contactls doclbor if the firvst blecod sample had a
haemagglutination=~inhibiting titre of 1 : 8 or less; the second
dose was only sent If it could be given before the end of the
incubation period. Thus ideally a susceplbible home contact
of rubella in early preguancy was given four times the ghandard
doge (750 mg. ) of immunoglobulin during the labtber perlod of
the investigatione.

When the antibody titwe or the result of the examination
of throat and nose swabg for rubella virus was lkunown, a report
was wsent to the patient's docbor and a copy to the director of

the laboratory thalt issued the immunoglobulin. The titres and

igolatvion regulls were algo entered on the record cards which were

then sewb to the Eplidemiologlical Reseawvch Laeboratory fox checking,

coding and analysis.
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(iii) Istimation of the atlack rabe of rubella amons

non=precuiant women ol childbearins age in contact

with the disease bubl not given immunoglobulin

So that the results could be compared, this study
was conducted during the: same period of ‘time as that tq
delermine the attack rate of rubella in pregnant contachs
oiven lmmunoglobulin.

A detailed protocol and record cards (Contact Record
Card (1), Conbact Record Card (2), ard Index Case Record Card)
vere distributed to all the persons concerned in the project.
The cards were gimilar in design to those used in the study
concerned with the pregnant wubella contacts. Bxamples of the
protocol and cards are shown in the appendix (pages wxviid to xxxiii).
A pack was also produeed resembling that already descEibed
(page 49) except that the ampoule of immunoglobulin was omitbed.

Seventy~one geneval practitioners in England and Wales
and three in Scotland were contacted, most with the help of the
Epidenic Observation Unit of the Royal College of General
Practitioners, and invited to participate. At least one
pergonal vigit was made to 31 of the doctors to explain the
procedure, Detailed instructions were gent to the othevs by
pogt.

Bach practitioner who agreed to take part was sent twenty



gels of cards and packs. A further supply was despatched

ag vequired. The doctor vwas ssked to take swabs from the
throat and nose of any patlient whom he suspected on ciinical
grounds to be suffering from rwvbella. He wag aléo requegted to
ohtain between 2 and 5 wl. of venous blood from any women of
childbeaxring age‘(i.e. between 15 to 45 yeamé) who were not
pregnant bub who were members of the same household as the
index cases. These spécimens were gent to the appropriate
laboratory vhere rubella vivus isolation was abtempted and
antibody titrations performed. Sixty=-twp of the doctors
found it easier to send the swabs and blood by post to the
Virus Reference Laborvatory at Colindale; the wemainder
delivered ﬁheﬁr specimens to the nearest participating
laboratory. A veport on the findings was xveburned to the
doctor who ment the specimen.

If the rubella antibody titre in the first bHlood gample
indicated that the contact was susceptible to rubella, a second
sample was vequested six weeks later {o determine whether ox
not she had bécome infected. The doctor was asked to vecoxd
any clinical silgns of vubella that developed in the contact.

The rubells antibody titre of this second blood sample
was also sent to the doctor fiom the laboratory and the vesulis

enbered on the record cardg.
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To augment the number of women participabing in this
control grouvwp, each general practitioner who submitied
specimens for the investigation involving pregnant wubella
contacts (page 48 ) was requested by letter (page xomxvii)
to provide suitable samples from non-pregnant conbacts of

rbella. A btotal of 379 doctors were conbacted in this way.

(1)  Zmmnoslobulin

The rubella neutralising antibody titwer of the 15
batches of immunoglobulin sub@itted for titration is shown in
table 8. It was reporied from the laboratory that difficulty
wag experienced in oblaining a definilte rubella antibody end=-
point and becavse of thig the titres of antibody are expressed
as the highest dilution thalt substantlally neutralised the vivusge

Bach batch contained wubella neutralising entibody, the
bitres ranglog from 1 3 60 to L 3 320, A titre of 1 3 120 was
found in seven of the batches.

(11)  Inogulated group

0f the 1747 pregnant women who were given 750 mg. of
immmoglobulin after contact with a patient suffering from
rubella (diagnosed on clinical grounds and irvespective of viral
isolation) 1483 (85 per cent) alveady possessed antibody to

rubella., This figure ig similar to that found in the serological



survayigtable 2). Among the 264 women who lacked antibody

i
3

and whﬂgwere therefore ausce?tible o tﬁe disease 46 (17 per
cent) d%veloped sevological evidence of infection (i.e. a
four-fold or greabter rise in an%ibo&y titre) in bthe second
blood gample desplie hoving had immmoglobulin. A clinical
illness with a vash was present in 24 (52 per cent) of ihese
vomen and the remainder had a subclinical infection (table 9
and figure 4).

The index case was a member of the éame hougshold as
28 of the susceptible pregnant contacts who developed rubellas
of these women, 14 developed clinical illuness and 14 had sub=
clinical iufections (table 10)., OFf the 18 patients who weve
infected ountside the home, 10 developed a ragh and eight were
suvbelinically infected.

The clinical diagnosis was confirmed by the isolation of
rubella virus from 126 index cases (table 11). The number of
susceptible pregnant conbtacts of these cases was 25 (20 pew
cent) and 14 (56 per cent) of these developed rubella, 11
clinically and three svbelinically.

In 75 ingtances where the index case was o member of
the same housechold as the pregnant woman, 15 (20 per cent)

of the women were still suscepbible. OFf these, 12 (80 pex cent)

subsequently became iunfected, nine clinically and three sub=
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clinically (teble 12, figure 5).

Contact oubside the home with a proved case of rubella
oceurred in Bl instances and 10 of the women were gusceptible.
Of these only two became infected; both had illnesses with a
ragh. This diffemance~in a%faek rate between suscepbible
pregnant women in contact within the home and those oubgide is
significent at the 5 per cent level ( P < 0.05).

The time interval between the date of onset of the rash
in the index case, inoculation of the pregment contact with
immunoglobulin and development of the wash in the 14 susceptible
contacts of preved mubella who became infected is shown in
figure 6. Three of the 14 women were inoculabted on %ﬁe day the
index came developed the rash and 7 cthers.received globulin
within three days of the rash appearing in the index case.

In the nine inoculated women who developed a rash after
home contact with a confirmed case of xubella, the interval
between the onsel of the ragh in the index case and the maternal
rash ranged from 11 to 23 days (table 13). The intervel was
between 16 and 18 days in five of these nine womeil,

Among a further subgroup of 62 suscepbible women in
whom six cases of rubella developed (one clinical and five sub-
clinical )Jvirus isolation fwom the index case, albhough abtempted,

was unguccessful. This may have been explained by the fact that
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the throat and nose swabs weve not collected until four to
10 days after Tthe onget of illness.

The age distribution of the 1747 pregnant women who were
given immunoglobulin after contact with rubella is shown in
table 143 1544 (88 per cent) were aged between 20 and 34
years of age. In the various age gvoups bebween 80 amd 96 per
cent of these women possessed antibody and, as found in the
gserological m&r&@y, older women were lesg likely to be
susceptible.

- Table 15 gives the wvesults of the attack rate in the
separate group of 57 susceptible women who were given two
divided dosesg of immunoglobulin, each of 1500 mg, after home
contact with a case of rubella. OF these women 14 (24 per cent)
developed mibella, seven having an illvegs with a rash., However,
pix of the women were in contact with a patient from whom
wobella virus was isolatedy four of these six women developed
vubhella, all with a raghe
(iii) GQontzol sgroup

Five hundred and forty-three women from various parts of
the Tnited Kingdom were included in this aspect of the investlge
ation and 493 (91 pew cént) possessed antibody to rubella when
examined (table 16, figuvre T). A4All the index capes were members

of the same household as the uvninoculated contaclts. 0L the 50



~women without antibody in contact with index cages diagnosed
as rubella on clinlcal grounds 18 (36 per cent) developed the
diseagse (16 clinically and two subclinically).

fwbella virue was isola%é& from 208 of the index cases
bub 182 (87 per cent) of thgir contacts already possessed
antibody (table 17 figure 8). 0OFf the 26 women who were
suseeptible 13 (50 per cent) subsequently developgd rﬁbella

(11 clinically and two subclinically).

Por these 11 women who developed a vash after contact with

a confimmed case of rubella, the interval betveen the dates of
onget of their rash is velated to that in the index case in
table 18, This intexval ranged from 10 to 26 days; fFor six
of the 11 women the intewval was between 16 and 21 days.

Table 19 gives the age distribubion of the 543 women
in the contwol group; 372 (69 per cent) were‘aged between 20
and 34 yearss The proportion of women Who posgessed antibody
ranged from 88 to 97 per cent.
(iv)  Index Gases

Information wes provided for 874 index cases in the
inoculated and control groups. The clinical-feétures of these
patients ave shown in table 20. A rash was recorded in 97
per cenb, lymphadenopathy in 82 per cent, fever in 61 per cent
and artheitis in 3 per cent of pabients.

Rubella virus was isolated from 334 (39 per cent) of the



848 patients with a mash (table 8l)s Tor the first three
days after the onseb of the wash the virus was isal&ted £rom
between 49 and 55 pex cent of the patients; theveafter the
proportion of swabs that wewe pmsitivé dropped to betﬁeen 25
aud 30 per cent up Lo the sixth day after the onset of the

rash. Only seldon was an igolation obtained after this time.
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CHAPTER 6

ST

A STUDY OF THE TNFECTIOUSNESS OF THE RUBELLA VIRUS

AND THE PROPORTION OF SECOND AND SUBCLINICAL INFRCTTONS

THAT IT PRODUCES

Material and Yethods

(1) Infectiousness of rubella

In Januaxy 1968 an auﬁbreak.of rubella occurred atv the
Metropolitan Police Training College, Hendon, London. As the

cadets spend abt least six months at the Training College,

working clogely together in classrooms and sleeping in dormitories

this seemed an ideal opportunibty to study the spread of the
disease in a communidy.

The initial cages wewve lsolated at the Metwopolitan Police
Wursing Home, Denmark Hill; London. The nursing home was
vigited, the patients examined and clinical details retGordeds
gwabs were teken from the nose and throat and blood samples
obtained., The specimens were sent lmmediately to the Vivus
Refevence Laboratory for abbtempted virus isolation and antibody
titration, Repeat blood samples were collected from the same
patients four weeks later.

After the first visit to the nursing home arvangements

were made with the officer in charge of the training college fox

6.1.
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the cadots in the same training section as those affected
to be bled to debtermine the number who were sbill suscepbible
to rﬁbella. The blood samples were raplidly screened by means of

the haemagglutination-inhibition test and those cadets found

to be susceptible weie ohsefved to determine if clinical
dizesse occurred. A second blood sample was taken from
ﬁusceptible cadets about six weeks after the first.

The elinical details, rubella antibody titrations and
virus isolations weve entered on record cards and the resulis
analysed by hand.

(i1)  Second atbacks of xubella

Between December 1965 and October 1967 paired sera were
collected from the women participating in the investigation to
detvermine the prophylactic effect of immunoglobulin when given
to preguant xwubella contacts, lrrespeetive of whether antibody
was present in the first sauple.

To determine the proportion of second avitacks of rubella
a2 search was made for women who had pre-existing antibody but
who developed a further atiack of the illness.

As many index cases who have illnegses vesembling
rubella on c¢linical grounds ave, in fact, suffering from
digeases caused by other viruses, the study was confinedito
women in contact with an index case from whom zubella was

isolated.



(1ii) Subelinical atiacke of wxubells

The frequeney with which inappavent mubells infections

ocourred and the question of vhether immmnoglobulin acts by

suppressing the clinical fealures of the discase o by preventing

infection, were invesitlgated by means of the following procedure.

a) Exaningbion of the wecords of women pavticipating
in ‘the serologleal suvvey (page 42) Yo determine the
proportion who possessed antibody to rubella, but who
did not give a history of having had the clinical
manifestations of the discase.

b) Wotlng the nuwber of wminoculated contacts in the
control group in the study to assess the value of
inmunoglobulin (page 55kmm.of thoge taking part in
the police cadet stuéy.(page 6L) who developed
serological evidence of infectiony bulb who did not
have the signs and sympiomg of wubella.

) Deterxmination of the number of subclinical attacks

in pregnant wubella contacts given immunoglobulin

Regulty

(1)  Infecblousness of rubells

R s s N B

Between the 16th of January and the 20th of Februaxy,
1968, 17 cases of rubella occurred at the Metropolitan Police
Training College; 13 of these developed during the last Tour

daye of this period (figure 9).
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-Swabé from the throat and nose and paired blood samples
were ohtained from these 13 cadels. Rubella virus was isolated
from three of them and a four-fold vise in rﬁbellé antibody
titre in one. The difficulty in conflrming the clinical
disgnoses in every cadet ls explained by the fact that There
was a delay of from bwo to five days betwsen the onset of
the magh and the date of the speciiens being faken.,

Rubella antibody titration of the blood semples taken
from the wemaining 224 cadets In the same trsianing section as
the cases revealed that 217 (97 per cent) alveady possessed
aubibody.

The cadets weve recrulbted from many parts of the British
Isles (table 22 and figuve 10) although 162 (72 per cenﬁ) came
feom London and the Home Countles. Because of the small number
of pergons who were suscepbible it was nét possible o demonstrate
if there was any geographical -influence on susceptiblility.

Of the seven cadets found to lack awbibody, all developed
serological evidence of rubella and six had an illness with a
rash (table 23). Details of these cases ave given in table 24.

(i1) Second attacks of rubells

Between December, 1965 and Octobewr, 1967 there were 106
women (84 pregnent avd 22 not pregnent) taking part in the situdy

of the assessment of immumoglobulin (pase A7) who possessed



wubella neutralising antibody greater than 1L s 4 or haemage

glutination inhibiting antibody greater than 1 : 8 and who

were in conbact with confirmed fndex cases of rubella
(table 25).

0f these women only one pregnant mother developed o
pogsible second attack of zubella, ©She was in contac% with
her son who had typical rubella with a rasgh, enlaﬁg@ment of
the posterior cervical lymph nodes and fevex, Bubella vivus
wag grown from & nasal swab taken from the son on the day
following the onget of the wash. As ‘the mother wags 10 weeks!
pregnant at the time of her son's illness a bleood sample was
taken and she was given 750 mg, immunoglobulin intramuscularly.
The rubella neubtraliging antibody titre of this batch of
immunoglobulin was 1 ¢ 320. There was a delay of only one
day between the onget of the son's rash and the date of the blood
sample and inoculation of the mother. Fifteen days alter the
onset of the sgon's rash, however, the mother developed a
rubelliform wash and rvbella virug was isolabed from a throat
swab daken from her at the time of the ragh. A second specimen
of her blood obtained four weecks later showed that the neutralise
ing antibody titre was almost wnchanged (1 3 24 in the fivst
specimen and 1 3 32 in the second). This vesult probably lies

within the limits of the ervor of the test as the btitres
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obtained by the complement~fixation test wemaindd. stalbionaxy
2t 1 ¢ 16 as did those demonstrated by the haemagsiutinabions
inhibition test at 1 ¢ 256 but the igolation of fubeila virus
from the mo%hér guggents that this was indeed a second atback.
™ none of the 106 women studied did a four-fold inerease in
the antibody titwe nccur although 14 showed an equivocal
variation,.

(iii) Subeliniecal attacks of rubells

The frequency of subclinical ablacks was estimated
from the following evidence,

0f 2,007 women examined in the rubella antibody survey
(page 42) 1,100 (55 per cent) stated that they had not
experienced a previous clinical abtack of xubella (table 5)e
Only 157 (15 per cent) of these 1,100 women had rubella
neutraliging antibody of 1 ¢ 4 or less. Thus the remaining
943 women either had had a svbelinical aittack of rxubella ox
thedr memory of the illuese was al fault, Although it is likely
that mexny wonld have forgotten having ruhella since infections
probably occuxred in childhood, it seems veasonable to suppose
that in a proporbion the discrepancy bebtween past hisbory and
serological findings was due to subelinical infection.

Betbter evidence was found in the gtudy to deteraine the
g;taek rate of rubella in the control group of non-pregnant

rvhella contacts (page 53) Of the 543 contacts, 18 developed



rubelia{confirmed serologically. Only two (11 per cent)
developed a fourAfoid or greater rise in rubella antibddy
titre but did not‘hawe any of the clinical feafures of
rubella (table 16)., Also in the-police cadet study oniy one
patient of the seven wno developed wubella, had o svbelinical
infection (table 23).

Of the 46 preguant rubella contacts given immwmoglobulin
and who later Qévelopad rubella, 22 had a subslinical infection
(table 9) vhereas only two of the 18 cases in the control group
were infected without baving a rash (table 16). This difference

iz gbatistically significant (x? = 595 P < 0,02)) 0,01).
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CUAPTER 7
DISCUSSION

Rubella is a particularly difficult disease to gstudy
without laboratoxry help. The clinical illness is usually
vague and fleeting and liable to be counfused with othex
conditions. The isolation of the rubella virus in 1962
and the introduction of the laboratory disgnosis was therefore
a very important development especially in view of the
teratogeﬁie properties of the virus.

Before this major advance, it had been definitely
egbablished that rubella is infectious, produces signs and
symptoms which are usually mild and frequently causes foetal
abnormality when contracted by women in early pregnancy. These
facts are gtill wndisputed,

liovever, there was also considexable evidence that
immunoglobulin exerted a protective effect when given to pregnant
rubella contacts, This evidence was obtained by observing the
proportion of women given immunoglobulin after contact with
rubella who did not develop the clinical features of the disease.
The early workers were neither able to confirm the diagnosis, nor
to determine if the person were already immune bto rubella before

conbact. Decaunse the presence of antibody has been shown to
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proted% against infection with rubella (Green, Balgamo, Giles,
Kyugman and Mirick, 1965) immunogioﬁulin given to contacts of
?the disease.who alréady posgegssed antibody was almést bound to
befsucpégsful". vTo adequately assesa.the protective effect
afﬁorde&:by immnnoglobuliﬁ givgn to pregnant wbmen after contact
with rubella it is necessary to confine the¢iﬁvestigétion to
susceptible wdmen in.conta9t with éonfi:med céses of thé

disease. A suitable eon$r61 group consisting ofluninoculated
wyomen in gimilar cilrcumstances is‘also required.~ Therefore a
relisble assessment of immunoglobulin qduld not take place before
laboratory help was a?ailable because information oh the suscept-
ibiliﬁy of the contact end the confimmation of the diagnosis
could not be obtained by oﬁher medns.

By 1965, however,‘isolation of the mbella virus and
determination of the rubella antibody titre was sﬁfficienﬁly
well est&blishedlté regard the laboratory diagnosis of infection
a3 reliable.. It was therefore possible to enguive into these
problems on a much sounder basis than had hitherto been possible.
Imunity to yvbella

The ?roportian of iﬁmun@ persons in the populations
involved in the varvlous aspects of this investigation was found
to be congistently high =~ 89 per cent in the survey of adult women
not in recent contact with rubells (table 2); 85 per cent of

pregnant contacts of rubella (table 9); 91 per cent of the
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control group of non-pregnant women (table 16) and 97 pew

cent of the cadets involved in the ‘training school oubbreak
(table 23). These high proportions of persons already

immme are similar to others published which range from

76 to 84 per cent (Dudgeon, 19653 Givan, Komee, and Khodes,
19653 Sever, Schiff, Bell, Kapikian, Huebaer, and Traub, 19653
Oxford, 1966).

Some degree of variation in the percentage of vomen
imnmune to rubella was noted between the populations in the
various regiong studied. The arca with the largest percentage
of immune women was that dvawn from around Léeds and Keighley,
Here 96 per cent of the wonen tested possessed antibody to
mbella. It is surprising that the other northerm cities taking
part = Neweastle, Manchegter and Liverpool - did not have
similar rvesults but the diffevence ig almost certainly due to
a ‘true geographical variation and not a difference in laboxatoxy
technique in view of the standardisation of procedures that took
place at the beginning of the investigation (see appendix, page V)e

Because mogt of the blood samples obtained for this survey
came from women attending anbe-natal clinice in various towng
and cities, the proporiion of immune persons is possibly larger
than if mural sveas were sﬁudied. This may not in fact be the
case however, ag Field (1967) noted that 95 per cent of the

inhabitants of a rural village in Waleg possessed yubella
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antibody at the time of examination.

As night be expected hecause of the pevsistence of
rubella antibody after infection (Brody, Sever, lMeAlister,
Schiff, and Cutting, 1965) there were more suscepltible persons
in the younger than in the older age groups. The proportion of
those susceptible fell from 16 per cent in women under 20 years
0ld to legs thau 10 per cent in oldew peraong, Only 1 per cent
of those over 40 years of age were suscepbtible (table 3). Thus
the risk of developing the disease after contact is higher in
young pervsonsg although even in those under 20, the majority were
already immune.

Ileven per cent of those situdied in the survey came from
oubtgide the United Kingdom (table 4). The proporbion of Turopean,
Indian and Pakistani women who were immume was similay to that
found in British women. The West Indian and African communities
on the other hand had a lower proportion of immune women. This
difference was stabistically significant and it is possible that
there is & racial suscepbibility to zubella, " The number in these
groups however, was too small to come to any firm conclusion.

Before it was possible to delermine serologically whether
a person possessed rubella antibody or not, weliance iﬁ detecting
immmity had o be placed on the memory of a previous abtack
of the disease. On comparing the xubella antibody possessed by

a patient with her memoxy of a previous clindcal attack (table 5)
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this method of detexmining immunity is shown to be highly
wnreliables TFortunately the evror is uswally %o agsume that

a person lig not jmmune when in fact she does possess antibody.
Only 5 pex cent of the women who stated that they had contracted
rubella in the past did not have rubella antibody. Of those who
denied a previous atback of xubella, howevaf, only 12 pexr cent
kacked amtibo&j, a pointer %o the possible high rate of sub-
clinical illness.

A susgceptible woman is at greater risk of conbracting
rubella inside her home, usually from one of hex children, than
she is from contact outside (bable 12). It is, thovefore, not
surprising that the proporiion of women with antibody was higher
in those with childaven (table 6), probably because the usualy
nurse of a child with rubella is its mobher. It could also be
areued that women without a family may have a different social
background and live in a less crowded neighbourhood that those
with several children; these women may not therefore have had
the same opportunity to contract the disease.

Apart from foetal malformations about five per cent of
mothers who éevélop rubella during the firgt 12 weecks of
pregnancy have miscarriages or stillbirths as comparéd with about
ﬁﬁo per cent in a control group of healthy mothers (Manson,
Togan and Loy, 1960), Nineteen per cent of the women taking

part in the xubella antibeiy survey had one or more miscaxviages



or stillbirvthsprior to the investigation (table 7). The
?roportian of these women who possessed antiquy o rubélla.
hovever, was only slightly higher than the prbportion in

those ﬁho had a better ohstetripe his%ory. This failure ‘to
&eﬁanstrate & difference befween the groups is probably due to
the fact that ﬁhe total number of women In the swrvey who were
gusceptible was smalle

Protective effect of immunoglobulin

Becauge the majority of persons in the United Kingdom
possess anﬁibody'to rubella and ag immunoglobulin is prepared
from pools of plasma obtalned from adult donors, it follows that
British immunoglobulin is likely to contain rubella antibody.
The regults given in_table 8 verify thalt all the balches
examined contained antibody so that it is unlikely the nanufacte
uring process affects the antibody titre o any large extent.

Immunoglobulin has been used in ﬂhe‘ﬁnited Kingdom since
1954 for the protection of women in contacﬁ.with rubella dvring
eaxly pregnancy. Various reports on lts prophylaciic vélue
have been given (McDonald, 1963; Brody, Sever, and Schiff,
19653 Green, Balsamo, Giles, Krugman, and Mirick, 1965). As
recently as 1967, McDonald and Peckham, in an analysis of 30,764
pregnancies complicated by econtact with ruvbella, suggested that

a degree of protection was glven by immunoglobuline. The field
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vork of the invesbigation, however, was completed in 1962
and because of this, vivological studies were not carried out,.
These workers therefore, were unable to take into acooﬁni the
laxge musber of womeﬁ who were already immﬁna before immunow=
globulin was given, those developing a subclinical attéck, and
fhose‘in confact with diseases otﬁer than rubella.
To avolid these sources of exror, every woman who

participated in the present studies was screened for the presence

of rubella anﬁiboﬂy. When only susceptible women were congldered,
irregpective of whether the illness in the index case was alvays
true rubella, 17 per cent of the preguant rubella contacts
given the stendard dose of 750 mg. immunoglobulin developed
serologically proved rubella (table 9). With the further
restriction of confirmation of wrubella in the index case by
virus isolation, 56 per cent of susceptible pregnant conbacta
became infected (bable 11). It was also noted that of the 15
suscepbible women in contact with a proved case of wubella who
was also a member of the same household, 12 (80 per ceut)
asubsequently developed the disease even when they were inoculated
early in the iuneubation period (table 12, flgure 6). This
illustrates that ﬁhe extremely high albtack rate among suscepiible
kpregnant contacts can only be revesled by considering separatbely
those women in contact with a proved case of rubella in the

home where there is a high likelihood of spread of infectlon.
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If jmpune conbacts ave not excluded from the analysis
and if no account ig baken of the number of contacts who
develop subelinical abtacks of wubella then the true position
ig obscured, Thus only 24 pregnant women out of a Hotal of
1747 in contact with xrubella actually developed a clinical
illness with a rash, an atitack rate of only l.4 per cent
(table 9)s This is very similar to the attack rate of 1.2
per cent found by MeDonald and Peckham (1967) and on this basis
one could perhaps have thought that immunoglobulin exerted a
protective effect.

In addition to the consideration of the atitack rate of
rubella among contacts given immunoglobulin, it was particularly
important to have a control group in this investigation. The
nunerous factors already mentioned thait debermine the proportion
of women who become infected (e.g. percentage of women with
pre~exigbing antibody, closeness of contact with the index case,
and accuracy of diagnosis of the illness in the index coage) may
influence the vesult quite apart from the effect of immunoglobulin.

The control grovp used was not ideal - they were not
pregnant and although all of childbearing age, the women were
glightly older (tables 14 and 19). Despite these limitabions
the compawison of the attack vates between the groups did not
suggest that immunoglobulin at the dosage used wvas giving any

protection to the pregnaut conbtacts.



Two factors mey have been present bo give such poor
results » size of the dose and time of administration.
a) Doge,

. Brody, Sever, and Schiff (1965) demonstrated that
immmoglobulin was protective when given to rubella conlacts.
As their investigation included antibody stud;es, subelinical
atbacks were uwnlikely o have been missed agd the number of
immune persong in the population was known. Algo there was an
adequate control group. Brody however, gave a much higher doge
of Immuoglobulin than that normally used in the United Kingdom,
He injected an amount dependent on the weight of the individual =
0.25 ml pexr pound body welght. Although he.did not state the
~conecentration of immmoglobulin it wes presumably that normally
issved to American coutacts, iL.e. 16 per cents This dose, if
given o a wvoman weighing 9 stone, would amount to approximately
44500 mg, = six times larger than the standard British dose,

VeDonald (1963) found that the attack rate in pregnant
mbells contacts varied belween le48 per cent after a dose of
750 mg. immanoglobulin and l.13 per cent after 1,500 mg. The
difference, however, was not statistically significant (P = 0u1).

Additional evidence that a larger dose of immuneglobulin
may give betber results was put forward by members of the Public
Health Leboratory Service Worling Parly on Rubella (1968a) who

ghowed that clrculating rubella antibody was nol observed in
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sugcephible women after a TH50 mg: injection of immmmnoglobulin,
whereas low anbibody tibtres were obtained in those gi%en
1,500 ng; a divided dose of 3,000 mg. regsulbed in detectable
antibody for 12 wecks. ‘

Bespife these encouraging veports, 14 (24 per cent) of
57 susceptible pregusnt home contacts of wubella in the present
study developed the disease even although they had received
3,000 mg. of imﬁunoglobulin (table 15). when the analysis is
limited to the six suséeptibla women in contact with confirmed
cageg of rubells, four developed wubella,

b) Time of administration

Usually the fivet warning a pregnant mother getg of the
presence of rubella in a person with vhom she has heen in
contact, is the appearvance of a vash., However, most cases ave
probebly infectious before this as Green, Baisamo, Giles, Krugwan,
and Miriecl (1965) isolated the virus from the naso-pharyngeal
gecretions of cages up bo seven days befowve the rash appeared.
Thus, even LI immunoglobulin is given to the mother promptly
after the appearance of the rash in the index caéeg ghe herself
may well be incubating the disease by this bime,

In this current invegbigation the intervel between the
date of onset of the rash in the index case and thal in the
contact was undevr 16 days ia three of the inocculated women

(table 13) and four of the controls (table 18) who developed
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rubella. These intervals suggest that the contact becanme
infected before the index case developed the rash,

A report by the Public Health Laboratory Service (1968b)
on the prophylaxis of infectious hepatitis demonstrated the
advantage of giving immmoglobulin as eavly in the incuvbation
perdod aé pogsible. This‘may élsn apply in the prevenbtion of
rubella. However, Gereen and his colleagues (1965) in their
geries of experiments, varied the time of administration of
immunoglobulin from betveen five days befove exposure to rubella
to 24 hours afiter exposure, No protective effect was noted
with any of %hese reglmnes, and the time of administwration of
immunoglobulin was considerably earlier ‘than can be given in
praciice to a pregnent rubella contact,

A further difficulty thalt erises wvhen immunoglobulin
is unsed prophylactically in rubella is thai it msy suppress the
clinical features of the dizease but not prevent infection.
The proportion of subclinlocal infections in ineouléted WOmEn
who developed wubella was 48 per cent (table 9) whereas onlj
1i per cent of ﬁhe‘infected controls had a subelinical illness
(table 16). Thisz effect of immunoglobulin has already been
denonstrated by Ward and Krugman (196?) in the prophylaxis of
infectious hepaiitis.. They showed that the nuwber of clinical
cases of infectious hepatitis among coubacts was substantially

reduced after inoculabtion but the attack rate as measuwed by
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'abnprmal liver function tésts was uwnaffected.

Althoush Homwsbmann {(1968) sugegested that in subclinical
infections the duwation of vivaemia and the viruvs dose to the
foetug is probably decreased, she adunitted that babies with the
rubella syndrome may be borm to mothers who do not give a history
of rash or obther clinical manifegtation of yubella. The degree
of mislk to the foetus from maternal subelinical infection
requives fuvther sbudy but this type of infection ig also
dangevous for two weasons: firsht, the mother may be lulled into
a false gense of securliy if gervological studies ave now
performed after immwmoglobulin hag been glven and the infection
is not detected; second, if she has become infected and ig
waware of 11, she may spread the virus to other individuals =
- egpeclally other pregnant women with whom she comes into contact,
Bee ot an ante-natal clinic. Bvidence that subclinical cases
axe likely 4o be infectious has been glven by several workers
experimenting with rubella vaccine (Cooper, Giles and Krvugman,
19683 TLepow, Veronelli, Hostetler, and Robbing, 1968; MNeyer,
Parkmen, Hobbins and Bonis, 1968). They found that suseeptible
persong glven the vaccine, underwent serological conversion
and. excreted the virug but did not develop the clinical featuves
of the diseasc.

A susceptible pregaaat woman in conbact with a case of

confirmed rubells in her own home can expect therefore litlle



protection from the dose of immmogleobulin currently offered.

It is wlikely that this slituabion can be grealtly Improved

unbil rubelle vaceines become generally available. The langer
dose of 3,000 mg. of immunoglobulin investigated in the present
gtudy represents o larse (20 ml) and painful injection. Noveover,
immonoglobulin is in ghort supply in the United Kipgdom, &
considerable quantity having ko be lmported Lirom French, Swiss
and Dubch sources. It is also expensive « one T50 mge. ampoule
costs £l T Ou (Depariment of Health and Social Securitys 1968).
Po give the dose thalt Brody found Ho be protective would cost
£8s 2+ 0+ for cach contact and as the volume of thisedose of
inmunoglobulin would amount 4o over 30 ml. It would reguiza
several injections.

If massive doses were consildered the demand could he
gased if immunoglobulin wera given only to those found to be
suscepbibles Over 80 pex cent of womea in the United Kingdom
already possess rubella antibody and they are unlikely to require
Purther protection in view of the small number of second atlacks
of the disease thebt occur (page 64). The difficully, however,
is separating Iimwwne from the suscepbible contacts early enough
so that the lalbter wmay be injected with a lavger doses, The
haemagglutbination~inhibition and {luorescent antibody ltests éxe
Likely to be some help in this divectlon as with these, it is

possible to get a result wiﬁhin tuo days, Howevery by this time
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the patient moy be well into the incubation period as there

is delay « avoidzble and unavoidable -~ at every stoges from
the time the pregnant mother notices the patient's mash wntil
ghe goes to her geneval practitioner; in sending & blood pample
to the appropriate laboratory forx antibody titwation; in
getbing the vesuld back bto the doctor and sending him a gupply
off immumoglobuliaz wntil the patieat returns to the doctor fox
the dmmumoglobalin which may wequive, 1f a large dose ls given,
several injections over a number of days.

A further difficulty is that some of the cages in
contaet with pregnant mothers may well be subclinical and
therefore go undetected, as vivelogical studies would normally
only be carried oub if the index case happened to be pregnani.

Probably the only satisfactory way bo ensure thab
gusgeptible women in the first four moatha of pregnancy get
a large amount of lmmumoglobulin quickly enough is to determine
their immnity before they are in coutact with the disease..
This would require mass screening of women to assess their
rubella entlbody status ivrespective of their previous higltory
of olinical illness. Those fouand Lo be susgcepbible could then
pregent themselves for inoculation ag soon after contact as
posslible and not have te walt for the wesult of an antibody
titvation. Brody, Sever and Schiff (1965) considered that for

maximun protection it might be wise to administer imwmumoglobulin

8l.



to women considered at wisk (e.g. nuvses and teachers) even
before a kuown exposure to rubella has occurred.
Ag already discussed a preguant woman is much more

at risk from a member of her own family « usually one of her
children - than from an oubtslde conlbact. Possibly therefore
the best time to test her serum for rubella anbtibody is when
ghe is preguant for the Livet time. This is because 1t ig
likely to be this ehild who may at a later date lnfect her

with rubella when she is pregnent again. Apart from this;

the timing is convenient as she will usually have a hlood gample

taken during fthis pevied In any case for such things as blood

grouping and haemoglobulin estinmation,

e cogt of a screening procedure ls conglderable. Au
estimate for ghaiflfing snd eguipping one laboratory has been made
by Tobin (1966), He has caleulated The initial price to be in
the vegion of £5,000 but such a laboxatory could sexve o large

arvesa of the cownbry and it would not be necessary to wenew the

equipment yearly. In comparigon, immunoglobulin costbe the
United Kingdom anmually aboub £25,000 when 750 mz., ig glven
to pregrant rubella contacts on wequest, If Brody's dosage
level is adopbed the cost would be 150,000 axmnmually aund atb
least 80 per cent of this would be wasted becguse of the
proportion of immuﬁea WOy

Thna if the use of lmmuaoglobulln is Yo contiiwe there

82,



1s 1little doubt that by far the most economical method of
attenpting to protect pregnant women from the rubella virug
until a rubella vaccine is available, is to separate out those
who are susceptible and give them very large doses of immuno-~
globulin immediately aliber or preferably just Eefore they
are in contact with a patient suffering from the disease.
Apard from economic grounds, this method is moxe likely to be
succegsiul in protecting the foetus.

Another approach to the problem is to carry oul serological
veste for rubella antibodies befove pregnancy and ofier a
therapeuiic aboxtion to those found to be gusceptible and who
subseguently develop wubella during the first four months of
pregnancy (Ross, 1968), Horstmsun (1968) supports this view and
suggests that lmmumoglobulin is reserved for women who, because
of veligious and other grounds, refuse to have the pregnancy
teruinated, Certalnly on the present evidence a susceptible
pregnant woman in contact with rubella camnot be veassured after
an injection of immmoglobulin.

Attack rate of mubella

The attack rate in suscepbtible women in close convact
with confirmed rubella was 50 per centv in the uninoculated
controls (bable 17) and 80 per cent in those who weve pregnant

and given immmoglobulin (table 12). Although not statistically



ad,
giguificant (3{2 = 0.8, 1‘»%‘-0‘2‘,}0.1) s this finding suegests
that suscepbibility to rubella may be albered by pregnancy.
An increased susceptibility to pamaiytié poliomyeiitis in
pregnant womnen has been noted yravioﬁaly (Siegel‘and Gméenherg,
1955); presumébly this ig due bo hommonal changes. @hére is
an increased level of 17 hydroxycorticogberolds in the blood
during pregnancy (Gemzell, 1953)'ah¢ Venning (1946).also
observed that the urinary exerebion of aartic@éﬁ@reids is
inecreased during the firet trimester of pregnancy. Steroid
hormones ave known to inhibit initietion of the anﬁiﬁody
rosponse (British Medical Jouwrnal, 1966) and pevsons taking
corbticosterolids awe especlally prone bo gevere abbacks of olher
viral diseases such as chickenpox (Uaggerty and ey, 19563
Jolmson and Nelson, 1960).

The attack rabe among the police cadels was 100 pexr cent.
Althovgh the number of susceptible persons was small dln this
investigation it would appear that the lowew abback rales
previowsly nobed among males as compared with females (Royal
College of Geneval Practitioners, 1963) was probably due to
lack of exposure rather thon a decreased susceptibility to rubella.

Becond atlacks of xubells,

s g e

Only one woman in this investigation developed a second

atback of rubella althouvgh foxr nearly Hwo yeaxs palred sexra



were taken from as many wubella contacts as possible,
immme and svaeeptible, in search of a vige in titre,

Tt would appear therefore that in the mejority of
cases a previous abliack of wubellae confers protection for at
leagt a congidervable period of time, This finding has been
proeviously weported several times (Sever, Schiff, and Traub,
1962; Buescher, 1965; Green, Balsamo, Giles, Krugman, and
Mirviclk, 19653 Hovstmenn, Riordan, Ohtowara, and Niederman,19653
Plotkin, Coxrnfeld, and Ingalls, 19653 Meyer, Parkman, and
Panos, 19603 Meyer and Parkman, 1967; Meyer, Pavlman, Panos,
Stewart, Hobbins, end Fonis, 1967). Althouwgh inereases in
titres of pre-ezisbting antibodies have been nmeported in persons
ex@ose& to a subsequent infection of measles, or when given
measles vaccine (Krugmen, Giles, Friedmaw, and Stoneé, 1965;
Dolgin, Levine, Markham, Cabasso, Welchsel, Ruegsegger, and
Gox, 1960) these "booster" type antibody wresponses have not been
noted in immune persons after rubella exposuve., This observation
is confirmed in ﬁﬁis studys only 14 two-£0ld increases in
titre occourred in 106 lmuune individvals who were in contact
with virologically proved rubelia (tzble 25). This increase in
titre was considered to be within the limits of laboratory ervor.
| It iz uwnforitumnate that one gecond atback dld occur as
othexrwise one could give unequivocal agsurance to ‘bhe immune

pregnant rubella contact. The wisk, howvever, 1s at least less

B5.



than one pew celvla

Clinical findings and igolation of the rubella virus

‘ The'aﬂalysis of the e¢liniceal féatures of the Index
cmmes of rubella (table 20) supports the findings of Young
and Reusay (1963) that a vash was an almost constant feature
of the disease and thatb pogterior cexvical lymphadenopathy
was very comnon. The low incidencé (5 per cent) of arthritis
was>@robab1y &ﬁé to the fact that nearly all the index cases
were children and it has been prévipusly noted that this
complication is moxe common in adults (Fry,.Dillan@aand Fry, |
1962), |

The virus was isolated from over half the patients in

the first three days after the onset of the mash (Lable 21).
These patients were more infectious at this time than later as
the isolation rate dropped to between 25 and 30 per cent during
the next three dayss ‘thereafter the virus was razely isolated.
This confirms the esperimental work of Green and his colleagues
(1965) and emphasizes the importance of taking swabs as neaxr
to the date of onse% of the ragh as possible in oxder to obtain

a pogitive isolation,
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

That‘fhe rubella virus must infect aslarga proportion
of people both cliniecally. and subc}inieally at an early age
is shown by the fact that between 80 and 97 per cent of the
individuals who took part in thegse studies already possessed
antibody to rubella. As only one second attack of rubella
was noted it must be assumed that the majority of persons Q%o
possess antibody to rubella are protected from a further atitack.
| Only the small propowﬁion‘who do not possess anbibody are at
rigk and therefore require protection.

By protecting the mother from rubella during the fivst
four months of pregnancy it is hoped that foetal malformation
is aleo prevented, Clearly passive immmisation with the
present dose of immunoglobulin is of little value. Poassibly
a larger dose would be more satisfactory but this, in its
tuen, brings about such difficulities ag the adminigtralion
of large volumes of fluid end a greatly increased demand for
a commodity that isg already in short supply and is expensive,

During the pagt three years intensive reseanch hag

taken place into the production of a live-~atbenvated vaccine
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against rubella. }Thia had produced encquraging results

and there is evéry 1ikelihoo& that this vaceine will
effectivelﬁ eliminate the rigk of infection to-susceptible
pregnant womeh. The administration of immunoglobuiin with
all its attendant difficulties will therefors hecome
upneoeséa&y. Until a vaceine comes'into genera1>use, however,
it is likely that imounoglobulin will continue to be given to
susceptible women in comtact with rubella during the fivet
four mbnthslaf pregnancy;

Recommendatlons

l. Bvery woman of ghildbearing age should have btihér serun
titrated for rubella antibody.

2. If susceptible, they should be advised that, if they become
pregnant, they ghould avoid contect with @atients suffering
from rubella. This is especially impovtant in the case
of achoolteachers, nuvses in paediatric wards where they
may come into contact with babies suffering from congenital
rubella anﬁ those vworking in infectiouns diseases hospitals.

3+ Should a sucepﬁiﬁle voman who is within the firgt four
months of pregnancy anticlipate that she is liable to come
into unavoidable contact with rubella (e.g. during an
epidemic) she should be given large doses of immunoglobulin
(at least 4,500 mg.) thab havebeen taken from a bateh of

high rubella antibody titre. If she is in contact with
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a patient éuffering from-ruhella a gerum sample should
be obtained ags soon aftexr contact as possible and again
fife to six weeks later to dete;mine vhether she has become.
infected. Ir infecti&n occurs therapeulic aborﬁinn may
he éffered,
Because of the shortage of immunoglobulin, pﬁiority fox
large doses should be given tos
(a) contacts who ave in very early pregnancy because

of the greater risk of major foetal malformations
(b) presmant household contacts because of the greater

likelihood of infeotion than vhen the iandex case

is outside the home.
Alternatively, if a susceptible woman ig in contact with
rubella, immmoglobulin may be withheld in view of the
gserious doubts about its efficacy, and thorapeutic
abortion offered to those who become infected. |
The haemagglutinationpinhibitidn teat shoul&‘replaca the
neutralisation test fér the serological Qiagnosié éf
ribella gince a regult is oblained mueh more quickly.
As active immmisation with a live-attenuated rubelia
vaccine appears to be a more promising proposition in the
prevention of muhglla,than the administration of Iimmunow-
globulin, every effort should be made to bring a satlsfaclory

vaceine inbo general use as soon as possible.
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SUMMARY

A seﬁiés of epidémioibgioal gtudies hasg been carried out
among women in~§e§eral areas of the United Kingdom an&l
among cadets of the Metropolitan Poiice ﬁbree with the
object of investigating various aspecls of the natural

higtory and preveation of wubella.

Touni by o xrubella

1. The mejority of persons investigated alveady possessed
antibody to rubella by the time they reached aduli life.
The proportion immme varied in the different geographical
avess studied and ranged from 96 per cent of the women from
Leeds and Kelghley to 80 per cent of those from London.
Taking all the regions into consideration 91 per ceant of
the vwomen examined wewve immune, -

2. Tomonity to »ubella varied to some extent with age. OF
those less than 20 yeaxs, 04 per cent were immune compared
with over 90 per cent in older women,

S Anong ‘the immigvant population living in the United
Kingdom, the African and Weslt Indian populations appeared
to have a smaller proportion of persons who poasessed

rubella antibody.

90
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The reporied higtory of an attack of rubella d&id not
agree with the patient's. immmity to rubella.

Women without children were more llkely to be
sugceptible o rubella than women with families.

4 large proporticn (97 per cent) of the young adult

nales investigeted also posmessed antibody to rubelln.

L]

Immnoglobulin
Ampoules from Lifteen batohes of Deltish immmoglobulin
were tested for neutralising antibody bo yubella, ALl
contained antibody, the btitres ranging from 1 : 60 to
1 s 320,

Attack rate in rubells conbacts given immunoglobulin

(a) When no account was taken of the immunity of pregnant
women in contact with cases diagnosed clinically as having
rubella, only l.4 per cent developed an illness with a rash
after having had an inoculation of 750 mg. immunoglobulin.
(b) Vhen virologlcal stvdles were performed, however,

and ‘Jshe analysls restricted to susceptible pregnant women
who were in home contact wibth a case of rubella proved by
igolation of the wvirus, then 80 per cent became infected
either clinically or subelinically despite having had

T50 mge immunoglobulin,

Bven when the doge of inmmunoglobulin was incresged to
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3,000 mg.;‘four Qf's}# susaepﬁible women developed the
diéease after contact wifh a confiﬁmed case of rubella.’

Tne risk of contracting ubella vas mch less if the
index case was not a member of the same houschodd, The
attack zate for'inoculatédg'susceptiﬁle pregnant women
in contact outside the home with a confirmed case of

rubella was a quarber of the rate found for home contacts..

Attack rate in wninoculated contocts of rubells

Fifty per cewt of unincculabed susceptible women of
childbeavring age developeﬂ‘rﬂballa afber home conbtact with
a virologically proved case. As 80 per cent of pregnant
women became infected, pregnency may increase susceptibility.
In the Hendon Police College = a residential community -
100 pex cenl of those cadels who wewe susceptible developed

rubella afbter the inbroduction of infectiop into the college.

Second atlacks of rubells
Second attacks of rubella were fouad to be rars. Only
one of 106 lmmune prognant mothers developed a second
attack of rubella following exposure. The clinical diagnosis
wag verified by virus imolallon butb neither in this voman
nor the 105 othexrs did a four-fold vise in antibody titre

OCCUT»
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. Suhelinical atlacks

(2) The number of subelinical ablacks of rubella in the
communities studied was probably counsiderable as Judged

by the proﬁertion.(es per cent) of women who possessed
antibo&y to rubella bubt who did not glve a past history

of clinical infection.

(b) FEleven per cent of wminoculated women and 14 per cent
of uwnincculated men who develapea mibella had a subclinical
infeé#icn. |

(¢) Forty-eight per cent of the women who developed rubells
after immunoglobulin had a)subclinical infection. Immunow
alobulin, ﬁherefore.‘may suppress the clinical fealuwes of

the disease bub not prevent infection.

g

Isolation of the rubella vizus
Rubelld virus was isolated in about 50 per cent of
gpecimens obtalned from cases of rubella durving the firsi
thﬂee’days after ﬁhe:énaet of the rash. During %ﬁe next
three doys the virug was lsolated from about 25 per cent

of cases; thereafter it was seldom isolated.
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APPRIDIN T

COLLECTION AND HANDLING OF DATA

Once the clinical details and laboratory {indings were recorded,
the completed cards were returned to the Epidemiological Research
Loboratory at the Central Public Health ILaboratory, Colindale, London,
from the various virus laboratories participating in the studies.

Fach card was checked on receipt at Colindale so thet inaccurate or
incomplete information could be detected. Such cords were returned
to the appropriate dockor and his help regquested.

For all the studies, aport from that conducted at the Metropolitan
Police Training College, in which the amount of information was small
enough to be conveniently analysed by hend, the record cards were
codled. Coding sheets were prepared to enable the date on the cards
to be transierred into a numerical code. Once completed the code was
checked by o person other than the one who performed the original
coding. In this wvay errors were more likely to be detected than il
the coder checked his own cards.

Punchh cards were then prepared irom the coded iniormation. The
puneh cards were of the type manufactured by International Computsys
Ltd. and each contained 80 colwmns (i.e. the card was able to vecord
up to 80 items of information). As already deseribed Cor the coding
of the roceord cards, an independent peison checked each punch card

uaing & verifier.



These various procedures allowed the relevant information

t0 be extracted by means of a counter-sorter.

fos

e
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APPENDIX  IX

COLLECTION AND THANSPORT OF SPLCIMENS

Blood

In the investigations deseribed, venous blood samples of
between 2 and 5 ml, were obtained. Where paired samples were
required the {irst specimen was taken as soon after ocontact
with the case of rubella as possible and the second five to
six weeks later. This interval allowed for the incubation
period and development df'antibody in a susceptible person who
heconme infected. The speciﬁans were sent to the appropriate
virus 1aho£atory by the quickest available means; in most
instances this was by letter post. In some cases transport
by car vas arrenged. The specimens were kept in sterile %
fluld oz, HeCartney bottles which were wrapped in wadding and
put in stout cardboard Qontainerae The containers were placed
in padded envelopes which were then sealed. Thus the
possibility of leakage of blood was kept to o minimum (see
appendix page xvi ),
Throat ond nesal swabs

The swabs were made of sterile cotton wool and kept in
slass test tubes until required.

The majority of patients had their noses and throats
swabbed at the time the rash was present. Successiul

isolation of the rubella virus is more lilkely at this stage

of the disease (Green, Bolsamo, Giles, Krugmensand Mirick 1965) .
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Once token, the swabs were dipped into bijou bottles containing
virus transport mediaz, the ends broken off and tﬁe caps of the
bottles replaced securely.

The virus transport media was prepered under aseptic
conditions at the Central Publie Health Laboratory, Colindale,
London, using the following formulas-

Hank's balanced salt solution 990.0 ml.

207 bovine albumin solution 1040 ml.,

holie sodiun bicarbonate solublonyg g pi.

Fach bijon bottle contained 4 ml. of the above solution at a

P of 7.0 to 7.2 Phenol red (5.002}'5) was used as an indicator

so that a change in FH could be noticed and the bottle disearded.
The bijou bottles were placed in containers similer to

those used for the blood samples, The specimens normally

reached the laboratory either by post or by hend within 24 hours

of being taken. If there was the possibility of delay the

dooctor wog asked to plg.ce the bijou bottles in a refrigerator at

+z,.°c: until they could be sent to the laboratory.
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APPENDITY ETT
' LABORATORY METHODS

In the laboreatorics %aking part in the study, wniform though not
necessarily completely identical methods were used. A continﬁous
cell line of rabblt kidney‘(R¢K°13) cells (Beale, Christofinis and
Furminger, 1963) was employed end the semsitivity of these cells was
checked by repeated titration of known strains of rubella virus. A
group of control sera was also cireulated among the laboratories for
titrvation so thet o uniform stenderd could be ensured (table 26).

2) nlisabion test

Seriel two-fold or four-fold dilutions of serum in 0.3 ml.
volunes were mixed with equal volumes of the '"West Poinbt'! strain of
.yubella viyrus adapted to grow in R.K. 13 cells and diluted to contain
about 100 ©.C.D. in 0.1 ml. Afber incubation at 36°C for 75 minutes
the virus-serum nixture in 0.2 ml. volumos was inoculated into cach
of two R.K. 13 tubes. A& positive hunsn serum of kunowa titre was
included in ecach test. Tubes were read on the fourth and sixth or
seventh days afber inoculation. The degree of cytopathic effeet
was estimated by direct microscopy. The end-point in the antibody
titration was token as the highest dilution of serum causing complete
or almost complete inhibition of the cytopathic effect. Titres were
expressed as the initial serum dilution before mixing with virus.

h) Heemagelubination-inhibition best

Sera were absorbed with 25% kaolin for one hour at room temperature

and alter contrifugation with 505 chick red blood cells for at least
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two hours at +£b'they were then inactivated at 56°C for 30 minutes
(8tewart, Parlsman, Hopps, Douglas, Hamilton end ileyer, 1967).
Serial four-fold serum dilubions in 0.025 ml, volumes were placed
in microhaemogglutination plates end mixed with equal volumes of
antigen containing 4 to 8 heemagglutinating waits. After holding
at room temperature for one hour 0.025 ml., of a 0,165 suspension
of chick red blood cells was added to each cup. The plates were
refrigerated for three hours and the titres read. Antibody
titres were expressed as the highest dilution of serum producing

complete inhibition of haemagglubination. Appropriate controls

were ineluded in each bateh of tests.

Virus isolation

Virus isolation was based on the method of iHubchinson and
Thompson (1965). 0.4 ml. of throat swab extract were inoculated
on to a tube of R.K.13 cells conteining sodium blecarbonate, rabbit
serum, antibiotics and Parkers "199" golution. The tubes were
then rolled at 3596 overnight and the mediuvm changed to a
maintenance medium of Fagle's solution (Burroughs Wellcome). The
tubes were rolled at Bﬁqﬁs examined and the medium changed twice
weekly, those showing the cytopathic effect (C.P.E.) of rubella
virua being subculitured. Those showing no cytopathic effect
after 14 days were subcultured and the suboulture observed for a

further fortnight. If afber this passage no evidence of rubella
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eytopathy was found the specimen was consldered negative.
Taolates were identilied by neutrolisation with a rebit

antiserun prepared with the "West Point" strain.



APPENDTE IV
TIMUROGLOBUT. T

In the United Kinglom innunoglobulin was anade aVaiiable
in 1954 for pregneat women in contact with rubella during
carly pregnaney. It is distributed in Znglend and Vales by
the Public Health Leboratory Service, and in Scotlend by the
Nationel Eiﬁmﬁ Tronsfusion Berviee, The British product is
menufactuved by the 31@0@ Producets Loboratory, Lister
Institute of Preventive Mediecine, Elstree, Hertfordshire, and
by the Blood Products Unit, South Nast Regional Blood
Transfusion Centre, Rdinburgh. Oecasionally the supply is
supplemented by Duteh, French and Swiss materisli. The
batehes of immunoglobulin are usually prepared from oitrated
plasma by fractionabion with ebther using the method of Kekwick
and. Mockay (1954) or by fractionation with ethanol, the method
of Kistler and Nitschmenn (1962). The solubion contains 15g.
per sent protein and 1:10,000 thiomersal, o 750 ng. dose being

contained in H.l ml.
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EXAVPLES OF PROTOCOLS, RECORD CARDS, PUNCH CARDS

CODING SHERTS AND STANDARD LETTERS




Serological survey of adult females

not recently in contact with rubella.
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P.H,L.S, FIELD TRIAL,

A INVESTIGATTON TNTO THE NATURAL IMMUNITY TO
RUBELLA TN VARTOUS SECTIONS OF THE COMMUNITY,

PROTOCOT

Estimation of the rubella antibody titre has now become a
standard procedure in certain laboratories and as it is possible that
a rubella vaccine may become available in the next few years, it is

important to obtain information on the natural immunity of the population

to rubella to enable these vaccines to be used in the most economical
and effective way. A Public Health Laboratory Service Working Party
has therefore been formed to obtain this information.

OBJECT

To assess the titres of rubella antibody particularly in females
of various ages.

GENEGAL PLAN

Members of the P,H.L.S. Working Party will arrange to obtain
the serum samples in thelr own area. A standard record card should
be completed for each patient. The antibody titre will be estimated
at the appropriate Public Health Laboratories and the results analysed
at the Epidemiological Lesearch Laboratory at Colindale,

METHOD

Members of the Working Party will arrange with local centres
(ante~natal clinics would probably be the most likely) to obtain about
5 ml of blood from 100 female patients in each five year ase group
between 20 and 4O years of age together with 100 samples from patients
of various ages under 20 years and the same number from patients over
L0 years of age.

The blood samples should be sent unfrozen to the laboratory bgt
should titration of the sera be delayed, they should be storgd at L °C,
or if there is to be a considerable lapse of time, below -20C,

Serum dilutions of k4, 16 and 64 will be used in titrations.
Titres should refer to the initial serum dilubtions.

A stapdard record card (Form 13) will be completed for each
patient and returned to the Epidemiological kesearch Laboratory for
analysis.

Dir/GVsS.
20.9.66.
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Rubella Antibody Card

St CEERRRCE S SRl SO AR o

RUBELLA ANTIBODY STUDY

CHOSPILAl Lt e e s e e s aes

‘(if applicable)

Patient’s Name ..o s senness

T R T TR L R T T e Y P TR T TR T R R TP PR RS TR Y

Date of Birth Lo ssenns

Past History of Rubella. YES
(ring) NO
NOT KNOWN

if YES, approximate date. i

Number of pregnancies.
Number of miscarriages or stillbirths,

Signature ...l e

Doctor/ Nurse

DI o ivviraerreriaerrasttsenransnsressrsasesssssnsnensiorsssnsnsnassenssttiossatsassaassone

wemseviatubes

e

FORM I3
For Office

Use Only
I 2 3 4 5

Spare

RN

St s et o

FOR LLABORATORY USE
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RUBELLA ANTTBODY SURVEY (Card Mo, 13)

CODING
Box No.
1 -2 Number allocated to investigation.
3 -5 Number allocated to the patient.
6~ 8 Spare
9 Nationality - British (including Bire) 1.
Indian/Pakistant 2.
West Indian 3.
Buropean he
African Be
Other 64
Unknown 9.
10 Spare
11 =12 Age (i.e. Number of years old at date of blood sample)
If age is less than 1 year, put 10 in Box 11 and number of
months in Box 12.
If age is greater than 10 years, code number of years in boxes
11 and 12,
If less than 10 years but greater than 41 year, put O in
Box 11 and number of years in Box 12,
13 Spare
1h Past Hisbory of Rubella -~ YES = 1.
NO = 2.
NOT KNOWN= 9.
15 - 16 Number of years before specimen taken,

If less than 1 year, put 10 in Box 15 and number of months
in Box 16,

If greater than 10 years, code number of years in Boxes 15
and 16. :

If less than 10 years but greater than 1 year, put 0 in

Box 15 and number of years in Box 16,
If "NO" or Not known, code Boxes 15 and 16 "O" "O",

17 Spare

18 Actual number of pregnancies.

19 Actual number of miscarriages or stillbirths.

20 - 21 Spare.

22 Month of obtaining blood - Jan, = 1, Feb. = 2, etc,
Nov, = 11 Dec, = J,

23 Last digit of year number, i.e, 1966 = 6,

2k Spare
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Tavestigation into the prophylactic effect
of 750 mg. dmmunoglobulin when given to
women in conbact with rubella during the
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AN INVESTIGATTON INTO THE EFFICACY OF GAIMA GLOBULIN

IN THE PREVENTION OF RUBELLA IN PREGNANCY.

PROTOCOTL

INTRODUCTION

Until a vaccine against rubella becomes available gamma,
globulin will probably rcmain the usual method of protectior of
women in contact with the disease during the early months of
pregnancy. Doubt still exists, however, about the efficacy of
gamma globulin in the prevention of infection and the optimum dose
has also still to be determined.

A further problem is that many women already have neutralising
antibody to rubella virus in their serum and it mey not be necessary
%0 give them gamma globulin for protection. It is only recently
that the measurement of the serum rubella antibody titre has become
a standard laboratory precedure and it is now being carried out in
several laboratories. It should, therefore, be possible to see
whether the woman is already protected and if not, to determine if
the dose of gamma globuli. given is sufficient to prevent infection.

To study these problems a Working Party of the Public
Health Laboratory Service has been established and it is hoped to
gain the oo~cperation of those Laboratory Directors responsible
for issulng gamma globulin, together with those General Practitioners
who are administering it to female rubella contacts in the first
three months of pregnancy.

0BJECTS

1. To assess the amount of neutralising antibodi to rubella
virus in women requesting gamma globulin following contact
with rubella during the first three months of pregnancy.

2. To assess the efficacy of gamma globulin in suppressing
the development of rubella.,

S To follow up babies born of unprotected mothers to look
for evidence of congenital rubella,

GENERAL PLAN

Laboratory Directors receiving a request for gamma globulin
to be issued to a patient in the first three months of pregnancy
who has been in contact with rubella will arrange with the General
Practitioner for a blood sample to be taken for rubella antibody
sstimation before the gamma globulin is given

The dose of gamma globulin will be taken from a reserved
batch of known rubella antibody titre.

Five to six weeks later the General Practitioner will be
asked to see the patient again and a second blood sample takem.



A,

An attempt should also be made to confirm the dilagnosis
in the original case by taking throat and nasal swabs or if not
feasible at the time, a blood sample retrospectively which, if
negative, will show that infection probably never took place.

If possible, throat and nasal swabs should be taken from
babies born of mothers who developed rubella despite gamma
globulin, as soon after birth as possible.

SUPPLIES
1, GARDS..

Pregnant Conbact Record Card (1) No, 25 (Blue)

To record clinical and laboratery informatimsn
regarding the pregnant. rubellsa contbact,

Pregnant Contact Record Card (2) No. 26 (Pink)

To record the proteetive offeet of gamma glebulin
and the laberstory results obtained from the secand
blood sample, '

Index Case Record Card No, 27 (Gald)

To record clinical and laberatory infarmation
regarding thg index case mf rubella,

Infant Record Card No. 29 (White)

To record the outeome ef the pregnancy and the
result of throet and nasal swabs taken from the
infant.

2. © CONTAINFRS. (Uswally MoCenkey & f£1l. ez.)

For collection of the blood samples.

3. VIRUS SWABS AND BIJOU BOTTLES,

Far swabbing the throat and nese and transporting
the swabs to the labaratory,

L. . GAMMA GLOBULIN,

This will be taken from a reserved batch of knewn
rubella antibody titre which will be issued te the
Laberatory Direstors from the Epidemiamlagical Research
Laboratory, Colindale.

METHOD

Directors ~f Publiec Health Laberatories should arrange with
General Practitioners requesting gamma glabulin for thelr patients
who have been in sonbtaet with »ubella during the first three nonths
of pregnancy to:-

L Take about 5 ec of bloed from the patient and send
this to the appropriate laboratory, together with
form No, 25 (Pregnant Contact Record Card (1).

/3
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2,

Give 750 mgm of gamma globulin intramuscularly.
This gamma globulin will be taken from the reserved
batch,

Attempt to confirm the diagnosis by taking throat

and nasal swabs from the index case, ¢r.alternatively,
a sample of 5 ml of blood and return this with form No.
27 (Index Case Record Card) to the laboratory,

Arrange to see the contact in five to six weeks'! time for
a second blood sample of 5 ml, Form No, 26 (Pregnant
Contact Record Card (2) ) will be sent from the laboratory
beforehand requesting this,

Record the outcome of the pregnancy and arrange, if
possible, to take throat and nasal swabs from the infant
at birth or as soon after birth as possible, should the
mother not have had antibody when gamma globulin was
given. Form No, 29 (Infant Record Card) will be sent to
the doctor near the estimated date of birth.

Numbering of Cards,

Form No, 25 (Pregnant Contact Record Card (1) ) will be

stamped with an identifying number, This number should be copied on
to each subsequent card issued in respect of the contact, index
case or infant, i,e, Forms No, 26, 27 and 29,

The results will be analysed at the Epidemiological Research

Laboratory, Central Public Health Laboratory, Colindale Avenue,
London, N.W.9,

DR/GVS,

“7th November, 4966,
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EFFICACY OF GAMMA GLOBULIN IN THE PREVENTTON OF -
RUBELLA IN PREGNANCY

Until a vaceine against rubella becomes available, gamma globulin
will probably remain the usual method of protection of women in contact
with the disease during the early months of pregnancy.

Doubt still exists, however, about the efficacy of gamma globulin
in the prevention of infection and the optimum dose has also still to be
determined, Isolation of the rubella virus and measurement of the serum
rubella autibody titre have now become standard procedures in several
laboratories and it should, therefore, be possible to determine whether
the woman already has antibody and if not, to determine if the amount
of gamma globulin is sufficient to prevent infection,

Before giving the gamma globulin, about 5 ml of blood should be
taken from the contact to determine the serum antibody titre. The bottle
which is found in the carton surrounded by the blue form should be used to
store the blood. It should be clearly lebelled, replaced in the carton
and surrounded by packing., The blue form (No. 25) should then be completed
and wrapped around the carton., Please do not fold it as this will make
the subsequent sorting of forms difficult, The gamma globulin is also
enclosed and should be given intramuscularly,

In order to confirm that the illness with which the patient was
in contact was in fact rubella, throat and nasal swebs should if possible
be taken from the original case, This will usually only be feasible if
the original case and the contact attend the same doctor,

Once taken, each swab should be placed in one of the bijou bottles
found in the certon which is surrounded by the gold form, the end broken
off and the cap firmly replaced. Each bottle should be labelled with the
name of the original case and clearly marked "throat" or "nose", The
glass swab containers need not be returned. If the rash has disappeared,
an attempt should be made if possible to collect about 5 ml of blood from
the original case in the bobttle which is found in the same carton,

The specimens should be firmly packed in this carton, the gold
coloured form (No. 27) completed and wrapped around the carton. The
cartons and forms should be returned in the original envelope. A prepaid,
addressed label is enclosed,

The result of the contact's antibody titre will be sent to the
doctor as soon as possible.

If the result indicates that the pregnant econtact does not possess
rubella antibody (i.e. she is susceptible to the disease) a second dose of
globulin will be sent to the doctor provided she is not outside the
incubation period of the disease. In addition, a form and container will
also be dispatched about 5 weeks after the date of contact for collection
of the second blood sample. Titration of this sample will ascertain
whether the contact has developed rubella (either clinically or sub-
clinically).

It is hoped to follow up the infant if the mother becomes infected.

Your help with this investigation is greatly appreciated.



Instructions seut to the peneral graegitigngr with the pack
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c«ntaet E«oord Card (1)

a) Front

PUBLIC HEALTH LABORATORY SERVICE FORM 25

For Office Use
RUBELLA INVESTIGATION

PREGNANT CONTACT RECORD CARD (I)

Surname of Contact..

Other names

Address ... .

Date of birth X....../..
Date of L.M.P. A /..
Date of contactwith rubella [yl
Date of onset of rash Inoriginal case [l

Name of original case (If available)........ccccooiii o

Does original case stay In the same household? YES/NO

Date specimen collected........ccocevviieeiiieeeiinene A
Date gamma globulin given S
Dose of gamma globulin ... mgm.

Batch Number ...

Name of doctor

FOR LABORATORY USE

Laboratory Number «........... L Cerrreeeeeie ceeeene e
First serum antibody titre (Initial dilution) please ring
< 4.4,8.16, 32,64. >64

Laboratory .. = .



b) Eeverae

RUBELLA INVESTIGATION
PREGNANT CONTACT RECORD CARD ()
Instructions

1. Please give details on this form of each patient who Is In contact
with rubella during the first three months of pregnancy.
g Tour preg Yy

2. A blood sample of about 5 ml. should be sent with the form.

3. An attempt should be made to confirm the diagnosis of rubella In
the original case by taking throat and nasal swabs, or alternatively
5 ml. of blood If the patient has recovered from the disease. All
specimens from the original case should be accompanied by form 27.

4. Forms and specimens should be sent to:



PUBLIC HEALTH LABORATORY SERVICE
RUBELLA INVESTIGATION

PREGNANT CONTACT RECORD CARD (2)

Contact™ No. .....ccceeeeennne .
Surname of Contact  .........
Other namesS......ccccceeevveeeevennn. .

Address i

Did contact develop rubella? YES/NO
If YES, please give date of onset of rash.
Is pregnancy progressing ? YES/NO

If NO, please give reason

Date second specimen collected A /.

Name of doctor

Address

FOR LABORATORY USE
Laboratory number . e e
Second serum antibody titre (initial dilution) please ring

< 4.4,8, 16. 32. 64. > 64.

xzi

FORM 26
For Ofrico Ue#
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b) Rerera»

RUBELLA INVESTIGATION
PREGNANT CONTACT RECORD CARD (2)

Instructions

1. This form should accompany the second blood sample of 5 ml.
taken from a patient who had been given gamma globulin for
protection against rubella 5 to 6 weeks previously.

2. The form and specimen should be sent to:



Indaab Case iieocord Card

X

a)

t.
) I£SSBSL

PUBLIC HEALTH LABORATORY SERVICE
RUBELLA INVESTIGATION

INDEX CASE RECORD CARD

Surname of Index Case
Other names

Address......cccceeeeeennnnnen.

Date of birth

Clinical features (please ring).
Rash
Lymphadenopathy
Fever
Arthritis
Other (please state)
Date of onset of rash I I

Date of throat and nasal swabs

Date of blood sample (If applicable)

Name of doctor ....

Mddresg...ceeeeees.
FOR LABORATORY USE
YES
Isolation from throat swab NO
NOT ATTEMPTED
YES
Isolation from nasal swab NO

NOT ATTEMPTED

Serum antibody level (If applicable)

xxUl

FORM 27 1
For Office Use
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b) Rerer««

RUBELLA INVESTIGATION
INDEX CASE RECORD CARD

Instructions

1. Please give details on this form of the Index case of rubella who
was In contact with the pregnant patient.

2. Throat and nasal swabs In separate bijou bottles should be talcen
as soon as possible, or alternatively a blood sample of 5 ml. If the

patient has recovered from the disease.

3. The form and specimen should be sent to:
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paid by
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Licence No. NW 1473

Epidemiological Research Laboratory,
CENTRAL PUBLIC HEALTH LABORATORY,
COLINDALE AVERNUE,

(RUBELLA INVESTIGATION) LONDON, N.W.9.




Box No,.
18 Dose of Gamma Globulin,

< 750 mgm =
750 " =
> 750 - <1500 =
1500 =
>1500C <2250 =
2250 =
>2250 -~ <3000 =
3000 and over =
NOT KNOWN =
NOT STATED =

19 Batch Number of Gamme Globulin,
IKG, 121 =
123 =
127 =
131 =
138 =
141 =
143 =

Other reserved
batches =

Other batches =

NOT KNOWN or
NOT STATED

1t

20 First serum antibody ¥itre.
< =
4 =
8 . =
16 =
32 =
6. =
>6ly
Not tested

Not stated
HoIo ‘th’t

21 - 28xxxbpanex
Helo test.

<8

8

16

32

IRARTSOOBKRIER. 6L

128

>128
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9 -10

11 =12

13

14 =15

16 =~ 17

RUBELLA TNVESTIGATION ~ GAMMA GLOBULIN, (Card No. 25 = Blue)

CODING

Number allocated to member of Working Party.
Nunber allocated to rubella contact,
Age (i.e. Number of years old at date of blood sample),

I NOT KNOWN —~ code 9, 9,
If NOT STATED- code 8. 8,

Number of weeks pregnant at date of contact with rubella,

If greater than 10 weeks, code number of weeks in
boxes 9 and 10,

If less than 10 weeks, put O in box 9 and number
of weeks in box 10,

If NOT KNOWN - code 9. G
If NOT STATED- code 8, .8.
If before pregnancy code Te (e

Original case of rubella,

Number of days bebween onset of rash and date of contact,

If greater than 10 days, code number of days in boxes 11

and 12,
If less than 10 days, code O in box 11 and number of
days in box 12. If contact if before date of
_ — rash Code 7 in 3Zox 11 and
LE NOT KNOWN -~ code 9. I, number of days between contact
If NOT STATED- code 8, 8. and date of rash in box 12,
If tiis interval is 9 days or
Original case of rubella, greater, code 9 in box 1z,
Household contact ~ YES = A
NO = 2
NOT KNOWN = 9
NOT STATED = 8

Number of days specimen collected after contact with rubella,

If greater than 10 days, code number of days in boxes
1'—[» and 15-

If less than 10 days, put O in box 14 and number of
days in box 15,

If NOT KNOWN - code 9. 9.
If NOT STATED- code 8., 8,

Date gamma globulin given,

Number of days after contact with rubella,

If greater than 10 days, code number of days in boxes
16 and 17,

If less than 10 days, code O in box 16 and number of
days in box 17.

If NOT KNOWN,- code 9. 9.
If NOT STATED- code 8, 8.



RUBELLA INVESTIGATION - GAMMA GLOBULIN, (Card No. 26 — Pink)

CODING
Box No,
23 Development of rubella in the contact.
YES = 1

No =
NOT KNOWN
NOT STATED

2
9
8

24 - 25 If rash developed in contact, code number of days after
administration of gamma globulin,

If less than 10 days, put O in box 24 and number of
days in box 25,

If 10 days or greater, code number of days in boxes
24 and 25,

If NOT KNOWN ~ code 9. 9.

If NOT STATED - code 8. 80

26 Continuation of pregnancy.
YES = 1
NO = 2
NOT KINOWN = 9
NOT STATED = 8
27 Reasons for pregnancy NOT progressing.
NEVER PREGNAUT = 1
MISCARRIAGE = 2
THERAPEUTIC ABORTION= 3
OTHER REASON = 4
NOT KNOWN = 9
NOT STATED = 8
28 Sprre
29-30 Number of weeks after first specimen,

If 10 weeks or greater, code number of weeks
in boxes 29 and 30,

If less than 10 weeks, put O in box 29 and number
of weelks in box 30.

31 Rise in titre.
NO CHANGE = 0
1 Tube difference = 1
2 Tuhes " = 2
5 " - 3
oo " - A

Cont'deos



Box No.

31 Cont'd.. Rise in titre,

5 tubes difference

6 " "

7 " n
NO BLOOD SUBMITTED
OTHER REASON

DR/GVS, 647467

W 00~ o>



Box No.
32 - 33
3
35
36
37
38
39
4O - 4
42 - 43

I

RUBELLA INVESTIGATION - GAMMA GLOBULIN, (Card No,., 27-Gold)

CODING

Age (i,e. Number of years old at date of illness),

If age is less than 1 year, code 10 in box 32
and nunber of months in box 33,

If age is 10 years or greater, code number of years
in boxes 32 and 33,

If age is less than 10 years but greater than 1 year,
code O in box 32 and number of years in box 33,

Rash,

If present = 1

If absent = 2
Lymphadenopathy

If present =

If absent = 2
Fever.

If present =

If absent = 2
Arthritis

If present = 1

If absent = 2
Othenr

If present = 1

If absent = 2
Spare
Throat and nasal swabs. If swabs taken but date

unknown, code 8.8. in boxes
Number of days after rash (or other feature of illness). 40. Ll.

: ¢ en
If 10 days or greater, code number of days in boxes If not el
] Code 9& 90
LO and 41,
If less than 10 days, code O in box 40 and number
of days in box 41,
Blood sample. If taken but date uninown

code 8, 8. in boxes Lz. 43,
Number of days after the rash (or other feat®re of If not taken,
illness). code 9o 9o

If greater than 10 days, code number of days in
boxes 42 and 43,

If less than 10 days, code O in box 42 and number
of days in box 43.



Box Noa

Ly

45

L6

DR/GVS,

Throat swab isolation,

YES =
NO =
NOT ATTEMFTED =
NOT STATED =

Nasal swab dsolation.

YE3 =
NO =
NOT ATTEMPTLED =
NOT STATED =

Serum antibody level,
<) =
I =
8 =
16 =
32 =
6l =
> 6l =
NOT STATED =

BLOOD NOT
SUCMITTED =

6.?0670

W W N
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Study of the attack rate of rubella

in femole contocts of child-bearing

age who were not gilven immunoglobulin,
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AN INVESTIGATTON INTO VARIOUS EPIDEMIOLOGICAL
ASPECTS OF RUBELLA

PROTOGCOL

INTRODUCTTON

Although gamma globulin has been employed extensively in this and
other countries for the protection of women exposed to rubella during
the first trimester of pregnancy, its value has never been assessed
adequately. :

During the past year the Public Health Laboratory Service has been
collaborating with many. general practitioners in investigating the
protective effect of gamma globulin. The general plan has been to
study the incidence of rubella in susceptible pregnant women in contact
at home who have been treated with gamma globulin. It is essential at
this stage to obtain precise information about the incidence of rubella
in a control group of women exposed in the home who are not given
gamme, globulin.

GENERAL PLAN

The investigation will include any woman of child-bearing age who
is not pregnant and is in contact in the home with & patient with
rubella. To establish the diagnosis a throat and nasal swab should be
obtained from the patient and sent to the appropriate Public Health
Laboratory accompanied by a record card containing clinical details.

At the same time each woman of child~bearing age in the home should have
a serum sample withdrawn to determine susceptibility. This serum

sample should also be sent to the laboratory with the appropriate
record card. ‘

If the sample is shown to lack antibody a second specimen will be
requested six weeks later to determine whether the contact has become
infected,

SUPPLIES

The following items will be issued by the Public Health Laboratory
Service: -

1. RECORD CARDS
Index Case Record Card No. 56.

To record details of a case of rubella.

Contact Record Card (1) No. 57.

To record details of a female household contact of between
15 and 45 years of age.

Contact Record Card (2) No. 58.

This card will be sent only if the contact is shown to be susceptible
(i.e. lacks antibody in the first specimen).

2.  CONTAINERS FOR BIOOD (usually % fl. oz. NeCartney bottles).

For collection of blood samples,

/.
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2.

1e

2.

3

kL.

5a

VIRUS SWABS AND BIJOU BOTTLES CONTAINING TRANSPORT MEDTUM.

For swabbing the throat and nose and for trangport of the
swabs,

SPECIMENS

Throat and Nasal Swabs.,

These should be taken from the nose and throat as soon as
possible from any case of rubella which occurs in a household.
The swabs should then be dipped inté. separate bijou bottles
containing virus transport medium, the ends broken off and the
caps replaced, The label should be marked throat or nose,

Blood.

Up to 5 ml of blood should be taken, placed in a McCartney
bottle and sent uvnrefrigerated.

METHOD

A record will be made by the dootor on the Index Case
Record Card of any case of rubella which occurs in a household
in his practice.

Throat and nasal awabs should be taken from the case as soon
as possible.

The specimens should be sent by letter post together with
the record card (No., 56) to the appropriate laboratory,

Should there be any delay, the swabs should be kept
refrigerated at around +4 C until posted. .

All female home oontacts of between 15 and 45 years of age
should - be bled, the specimen to be taken as soon after
contact as possible. This speoimen should be sent to the
laboratory accompanied by Contact Record Card (1).

This sample will be titrated for rubella antibody at the
laboratory and if found to be negative the doctor will be sent
a request for the second blood sample . aix weeks later,
accompanied by Contact Record Card (2).

Numbering of Cards,

A number will be stamped on to the Contact Record Card (1).
To facilitate analysis and identification of the case and
contact, it would be appreciated if this number is copied on to
all other cards pertaining to the contact.

DR/GVS.
20,11 .67,
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Contact Record Cord (1)

a)

PUBLIC HEALTH LABORATORY SERVICE FORM 57

For Office Use
RUBELLA INVESTIGATION

CONTACT RECORD CARD (I)

Surname of Contact..

Other names..............

Address...eneeenn...

Date of birth YA /..
Date of contact with rubella A
Date of onset of rash In original case [.....].

Name of original case (If available) ...

Does original case stay In the same household? YES/NO

Date specimen collected........ccccevviiiiieeiiiiennns /... [,

Name of doctor

Address............

FOR LABORATORY USE

Laboratory NUMbDe ...t e e e
First serum antibody titre (Initial dilution) please ring
< 4,4.8, 16, 32. 64, > 64

Laboratory .. e -



b)

&ererM

XXX

RUBELLA INVESTIGATION
CONTACT RECORD CARD (1)

Instructions

Please give details on this form of each female patient (between
the ages of 15 and 45 years) who is in contact with rubella.

A blood sample of about 5 ml should be sent with the form.
An attempt should be made to confirm the diagnosis of rubella in
the original case by taking throat and nasal swabs. All specimens

from the original case should be accompanied by Form 56.

Forms and specimens should be sent to:



Contact Record Card (21

a)

front

PUBLIC HEALTH LABORATORY SERVICE
RUBELLA INVESTIGATION

CONTACT RECORD CARD (2)

Contact’ s NO.....oooovivviicceeeee e, D eeenreraaee eaarere———————

Surname of CoNtaCt.......ooivieeieiees e e

Other names.......cccoevvevvceeeeeeeeeeee, Qe eerenennns D U,

Address....ccccceeeiieieeiiiinnnnnn.

Did contact develop rubella? YES/NO

If YES, please give date of onset of rash.............. / /

xxxi

FORM 58
For Office Ua#

Date second specimen collected ... [o» ...

Name of doctor

Address

FOR LABORATORY USE
Laboratory number L Meeiirreeens
Second serum antibody titre (Initial dilution) please ring

< 4,4 8, 16, 32, 64, > 64.
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b) RC T W »*

RUBELLA INVESTIGATION
CONTACT RECORD CARD (2)

Instructions

1. This form should accompany the second blood sample of 5 ml
taken from a patient who had been in contact with rubella.

2. The form and specimen should be sent to:



Index Case Record Cayd

a)

PUBLIC HEALTH LABORATORY SERVICE
RUBELLA INVESTIGATION

INDEX CASE RECORD CARD

Surname of Index Case
Other names  .........

Address ...

Date of birth / /.

Clinical features (please ring).
Rash
Lymphadenopathy
Fever
Arthritis
Other (please state)

Date of onset of rash l...-.A

Date of throat and nasal swabs / A

Name of doctor

Address ............
FOR LABORATORY USE
YES
Isolation from throat swab NO
NOT ATTEMPTED
YES
Isolation from nasal swab NO

NOT ATTEMPTED

xxx111

FORM 56
For Office Use
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b) Revers*

RUBELLA INVESTIGATION
INDEX CASE RECORD CARD

Instructions

1. Please give details on this fomi of the index case of rubella who
may have infected the female contact. .

2. Throat and nasal swabs in separate bijou bottles should be taken
as soon as possible, or alternatively a blood sample of 5 ml if the

patient has recovered from the disease.

3. To facilitate subsequent analysis the number given on form 57
should be copied on to the top right hand corner of this card.

4. The form and specimens should be sent to;
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12-13

14

CODIN&

Number allocated to member of Working Party,
Number allocated to rubella contact,
Age (i.e. Number of years old at date of blood sample).
If NOT KNO'.N - code 9. 9.
If NOT STATI.D - code 8. 8.
Original case of rubella
Number of days betv/ieen onset of rash and date of contact.
If greater than 10 days, code number of days in boxes 9 and 10,
If less than 10 days, code 0 in box 9 and number of days in box 10,
If NOT i(NOGN - code 9. 9.
If NOT STATED - code 8, 8,
If contact is before date of rash: code 7 in box 9 and number of
days between contact and date of rash in box 10, If this interval
is 9 days or greater, code 9 in box 10,
Original case of rubella

Household contact - YES =1

NOT mo\m = 9
NOT STATED = 8

Number of days specimen collected after contact with rubella.

If greater thanl0 days, codenumber ofdays inboxes 12 and 13.

If less than 10 days, put 0in box12 andnumber ofdays in

box 13#
If NOT KNOWN - code 9. 9.
If NOT STATED - code 8. 8,

First serum antibody titre, (Neutralisation Test)

<4 = 1
4 =
8

16
32
64 = 6
>64 =
Not tested

[} I N
w
a D

Not stated
H.l. Test

]
o v o N

Cont'd...



15 H.I. TPest
<8
8
16
32
64
128
>128

16 Spare.

~N oy W =



RUBELLA INVESTIGATION - CONTROL GROUP (Card Nc. 58 Blue)

CoDING
17 Development of rubella in the contact.
YES = 1
NO = 2
NOT KNOWI = 9
NOT STATED = 8
18 = 19 If rash developed in contact, code number of days after contact
with index case,
If less than 10 days, put O in box 18 and number of days in box 19.
If 10 days or greater, code number of days in boxes 18 and 19.
If NOT KNOWN -~ code 9. 9.
If NOT STATED - code 8, 8.
20 - 21 Number of weeks after first specimen
If 10 weeks or greater code number of weeks in boxes 20 and 21.
If less than 10 weeks, put 0 in box 20 and number of weeks
in box 21.
22 Rise in titre.
NO CHANGE = . 0
1 Tube difference = 1
2 Tubes " = 2
3. " " = 3
bt " = A
5 " = 5
6 o l = 6
7o = 7
NO BLOOD SUBMITTED = 8
OTHER REASON = 9
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CODING .
Box No.
2% w~ 24 Age (i.e. Number of years old at date of illness).
If age is less than 1 year code 10 in bhox 23 and number of
months in box 24
If age is 10 years or greater code nuwmber of years in boxes
23 and 24
If age is less than 10 years but greater than 1 year, code O in
box 23 and number of years in box 2.
25 Rash
If prosent = 1
If absent = 2
If NOT STATED = 8
26 | Lymphadenopathy
If present = 1
If absent = 2
If NOT STATED = 8
27 Fever
If present = 1
If absent = 2
If NOT STAT'D = 8
28 Arthritis
If present = 1
If absent = 2
If NOT STATED = 8
29 Other
If present = 1
If absent = 2
If NOT STATED = 8
30 Spare
3 -~ 32 Throat and nasal swabs

Number of days after rash (or other feature of illness).
If 10 days or greater, code number of days in boxes 31 and 32,

If less than 10 days, code O in box 31 and number of days in
box 32,

If swabs taken, but date unknown, code 8, 8. in boxes 31 =~ 32.

If not taken code 9. 9.
Con’c'il. -



Box No.
3% = 3L Blood sample,
Number of -days after the rash (or other feature of illnﬁﬁ&).

If greater than 10 days, code number of days in boxes 33@éhd 3.,

If less than 10 days, code 0 in box 33 and number of days in
box 3k,

If taken but date unknown code 8, 8, in boxes 33 = 3i.

If not taken code 9. 9.

35 Throat swab isolation
YES = 1
NO = 2
NOT ATTEMPTID = 3
NOT STATED = 8
36 Nasal swab isolation.
TES = 1
NO = 2
NOT ATTEMPTED = 3
NOT STATED = 8
37 Serum antibody level. (Neutralisation Test)
< 4 = 1
4 = 2
8 = 3
16 = L
32 = 5
6L = 6
P = 7
NOT STATED = 8
BLOOD
NOI' SUBHITTED = 9
o, I. Test e 0
38 H,I, Test
<8 = 1
8 = 2
16 = 3
32 = 4
6l = 5
128 = 6
5128 = 7
'S

¢) (/Lcr'e cm FA% M-U«.-(‘_Q, -
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( Public Health Laboratory Service)

Telephone: 01-205 7041 COLINDALE AVENUE,
Telegrams: DEFENDER, LONDON, N.W.9, LONDON, N.
Dear Dr.

Assessment of Gamma Globulin in the Prevention of Rubella
in Pregnancy.

I enclose a report on your patient's antibody titre to rubella., Th
information will be of great help in assessing the value of gamma globuli
Thank you for sending it to us.

We are conbtinuing to examine specimens from women given gamma globu
and will be very glad if you will continue to send these samples. Meanwh
in order to make an adequate assessment of this substance, it is essentia
have information on the incidence of rubella in an adequate control group
oan best be obtained by a parallel study In women of child-bearing age, i
contact with a case of rubella in the home, but who are not pregnant and
therefore not given gamma globulin.

We should be most grateful if you could help with this phase of the
investigation if the opportunity arises, by sending the following to us :

1. Throat and nasal swabs from a suspected case of rubella,

2. A blood sample (2-5 ml) from any non-pregnant woman of child-
bearing age who is in contact with the case at home,

As with the present sample we will send you the antibody titr
which you may like to know for any subsequent pregnancy. If

woman is shown to possess antibody to rubella (usually over 8
of women have rubella antibody), no further specimens will be
required, but if no antibody is found, we should like to send
a second specimen to be taken about six weeks after the first
gsee if she has become infected.

I enclose more detailed information together with record cards and
containers for the samples. Further packs can be sent as required.

Any help you can give will be greatly appreciated. Please let me k
if I can provide any further information,

Yours sincerely,

Encls: D. Reid.
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268
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place of origine

Rubella neuwtralising antibody titres according to
the past history of rubella.

Rubella neutralising anbibody titres according to
the number of pregnancies peox paﬁieni.

Rubella neutralising antibody titres according td
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Rubella neutralising anﬁibody titres in 15 batches of
huoman immmoglobulin,.

Attack rate of mubella among pregnant women given
750 ng. immmoglobulin after contact wiﬁh a case of
clinical rubella,

Rubella among pnegnant women given 750 mg., immuno-
globulin after contact with e case of clinical
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Table 1

Defects repoxted in infanbs whose mothers had rubella

uring the fivst sixlbeen weeks of presnancy

O

Cardiovaseular

Patent ductus avteriosus

Septal defects of the heart

Tallot's tetralogy

Palmonary stenosis and
coarclation

Renal artexry stenogis

Myocardial necrosls

Reticulo~endothelinl

Hepatogplenomegaly
Cholestasis

llepatic necrosip
Giaat cell hepatitis
Splenle fibrogis

Ophthalmic

Cataxracts
Microphthalnia
Pigmentary retinopathy
Glaucoms

Corneal clouding
Strabisnus

Nystagnos

Coloboma
Chorioretinlitis

PR 2 A TR AT B I

Nexrvous

Imcephalitis
Microcephaly
Retaxrdation
"Cerehral palay"

p— s PR

Auditoxy

L e R e

Maldevelopment of oxrgan

of CGoxti
Cochlear degencvation
Stepes Tizabion

Haemonoietlc

Thrombocytopenic purpura
Anaemia = normocytic
hypoplastic
haemolytic
Reticulocytosis
Normoblagtaenis
Abnormal red cell
moxvphology
Iymphadenopathy
Typogammaglobulinaecmia

Higoellancous

Intergiitliol pneumonitis
Osgeous raxefaction
Oegophageal atresia
Hypospadios

Growbh wrebardation
Abnormal dermatoglyphics
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Table 8

Rubella neutvalising antibody titres in

15 batches of human immunoglcbulin %

Batch Reeiprocal titres of
number neutralising antibody
IKG 106 240

107 160

168 120

109 120

121 240

123 520

125 80

127 120

129 120

131 , 520

137 80

178 120

140 60

141 : 120

143 120

* Moanufactured by the Lister Institute of Preventive
Medicine
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Table 18
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Figare

1. Gases of rubella (rate per 100,000) in England
and Wales during 1967 based on vetwims to the
Royal College of General Practitioneya.

2 Cases of xubella (wate per 100,000) in England and
Wales during 1968 baged on weturns to the Royal
College of General Praclbitlonens,

B Perveontage of 2,007 women of different ages who
lacked rubella neubralising antibody,

4e Tmmonity to wubella among 1,747 pregnant women
given 750 ng. immunoglobulin and the development
of infection after contact with patlents who had
the clinical manifestations of rubella.

Se Immaity to rubella among 75 preguant women given
750 mg. immunoglobulin and the development of
infection after home contact with confirmed cases
of rubella,

6 Interval belween the dates of onset of wrash in the
index case, inoculation with immunoglobulin and
development of maternal rash,.

Te Inmunity to xrubella among 543 uninoculated women
and the development of infection after home contact
with patients who had the clinical menifestatlions

of rubella.



Tigure

Y

9

10.

Imnunity o mubelle among 208 wninoculated
women and the development of infection after
home contact with confirmed cases of rubellams
Cadets who suffered from ¢linical rvbella al the
Metiropoliten Police Training College before the
gtart of the lnvestigation.

Avea of ovigin of 224 Vetropolitan Police cadets

in contact with rubellay



Pigure 1
Cases of rubella (rate per 100,000) in lnslond end

Wales during 1967 based on weburns to the Royal College

of Geneval Pegolbitionors
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Unges of rubella (vate per 100,000) in Enslend and

Wales during 1968 based oo reburns fo the Royal Gollege

of CGenersl Practitioners
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Peroentage of 2007 women of differont asos who lacked

yubelle neutrallsing onbibody
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Figure 4
ATmninitv to rubella among 1747 pregnant women glvi#n
750 mg. immunoglobulin and the develoraeiit of infection
after oontaot with patiente who had the olinioal

mnjitfeatations of rubella

CONTACTS WHO POSSESSED ANTIBODY mRUBELLA
SUSCEPTIBLE CONTACTS WHO DID NOT DEVELOP RUBELLA
SUSCEPTIBLE CONTACTS WHO HAD A SUBCLINICAL INFECTION

A

SUSCEPTIBLE CONTACTS WHO HAD A CLINICAL INFECTION



Mjwre 5
among 75 ixcegnant women given
mg. Upamnoglobiilin and the development of infection

after home contact with oonfiimed cases of rubella

CONTACTS WHO POSSESSED ANTIBODY TO RUBELLA
SUSCEPTIBLE CONTACTS WHO DID NOT DEVELOP RUBELLA

SUSCEPTIBLE CONTACTS WHO HAD A SUBCLINICAL INFECTION

SUSCEPTIBLE CONTACTS WHO HAD A CLINICAL INFECTION
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Figure 7
JjBcrunity to rubella among 543 uninooulated women
and the development of infeotion after home oontaot
with patients \dio had the olinioal manifestations of

rubella

CONTACTS WHO POSSESSED ANTIBODY TO RUBELLA
SUSCEPTIBLE CONTACTS WHO DID NOT DEVELOP RUBELLA
SUSCEPTIBLE CONTACTS WHO HAD A SUBCLINICAL INFECTION

SUSCEPTIBLE CONTACTS WHO HAD A CLINICAL INFECTION



Figure 8
to rubella among 208 uninoculafted”
ged, ;lhe development of infection after horn#f cemtmat

yith oonfirmed ocases of rubella

CONTACTS WHO POSSESSED ANTIBODY TO RUBELLA
SUSCEPTIBLE CONTACTS WHO DID NOT DEVELOP RUBELLA
SUSCEPTIBLE CONTACTS WHO HAD A SUBCLINICAL INFECTION

SUSCEPTIBLE CONTACTS WHO HAD A CLINICAL INFECTION
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Plaurge 10

Area of origin of 224 Mebropolitan Police cadels

in contact with rubells
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