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Every morbid condition, occurring in Medicine
iIs based fundamentally on the genetic constitution
of the individual, but only diseases whloh are signi-
ficantly related to hereditary factors are regarded
as hereditary diseases. In the thesis presented by
the writer, an attempt is made to show how the en-
vironment affects the development and expression of
factors genetical in origin. The first part of this
work 1is really only a sketchy introduction to the
genetic processes involved, and is presented as a
background on which to paint the picture of certain
conditions regarded as slgnifioantally environmental
in origin,. Hence the early chapters cannot be regar-
ded as being vety complete or detailed, but an attempt
has been made to present the basic genetic laws, and
to Interpret various morbid processes in the foetus
and newborn In the light of these laws. Some of
these pathological conditions have only recently been
understood, and a few are enumerated In the hope of
producing an over-all picture. Some are touched
upon as being of some practical importance either .
at the present date, or possibly iIn the near future,

This brings us to the conception of "prenatal
paediatrics.” There is a tendency at the present time
for a closer relationship to develop between obstetri-
cian and paediatrician Just because of the newer
knowledge regarding the reciprocal relationship be-

tween maternal and foetal status. Maternal nutri-
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Importance* Obstetricians, today, in introducing
newer and safer procedures, operations, and analgaesic
methods for delivering their patients, consider more
and more, the management of labour in terms of the
effect upon the foetus. Psychological, as well as
physiological care of the pregnant woman must be in-
stituted beoause psychological disturbances may sig-
nificantly affect the actual physiology of pregnancy
and parturition. Paediatric attention, initiated
early in pregnancy, 1is therefore not necessarily an
impractical procedure.

As the genetlo constitution cannot be Varied
the aim of ‘prenatal paediatrics” must be directed
towards modification of adverse environmental factors.
One of the great aims of Eugenics is to prevent the
action of adverse genetio factors, but the scope of
eugenics at.the present time Is limited In its
application. There appears to be a tendency, as
the centuries roll on, for balanced genetical sys-
tems to evolve, whioh seem to be resistant to change.
Whether the future use of atomic radiation, either in
Peace or in War, may change this, remains to be seen.
The effects of maternal rubella, as described iIn the
second part of this work, appear to be so diverse 1in
different instances, that the operation of co-existent
genetical background factors oannot entirely be exclu-
ded.

It Is essential to obtain better statistical
Information regarding gene frequencies. Biochemis-
try, physiology, and Serology should be allied to

Clinical and Social Medicine In an attempt to discover



and diabetes, and also various types of defedtfe fed
malformations, such as congenital morbus cordis™*
deaf-mutism, mental defiolenoy, eto. Art Investiga-
tion of the relationship between neonatal stattie fed
the development of subsequent disease patterns during
later childhood, or even adulthood, will undoubtedly
prove to be of the greategt import. In this work
reference has been made to the value of epidemiolo-
gical Btudies as a means of uncovering mechanisms
which produce congenital defects. It should be
remembered that, due to differences in diet, medical
care, and a thousand other factors of changed en-
vironment, maternal status today is different to
what it was fifty or one hundred years ago, and any
effects for good or ill on the foetal population can.
be unearthed by careful, prolonged statistical study.
It is obvious that the correlated efforts of many
branches of Ollnlcal, Experimental and Social Medi-
cine over long.periods, are essential to produoe
useful results. For Instanoe, mongolism occurring
in two slbs may not necessarily represent an heredi-
tary condition, as one of the cases may be incidental,
or dependant on environmental factors obtaining for
both affected sibs. Similarly, many of the less
typloal congenital defects, which in late years have
been described as appearing in children born after
maternal rubella may be incidental, and either re-
present the risk to the foetal population at large,
or may yet be the means of uncovering the operation
of other environmental factors as well.

Hence we see the need for a oloser follow up
of all morbid or abnormal conditions during pregnancy,

particularly/*«,.



particularly virus infections, with complete re-
ports on the infants subsequently born, whether
normal or otherwise. This need becomes clear,
when the latter part of this work is consulted.

The investigations carried out on mater-
nal rubella as an aetiological factor in the pro-
duction of congenital defects 1is presented as a most
important step iIn the understanding and prevention
of unfortunate accidents of foetal development.

The present thesis iIs essentially a review
of the literature, but several oases are presented
on account.of the paucity of reports in the xrorld
literature. In this connection, the writer would
like to acknowledge case histories given by Doctors
D. G. Melle, O.N..Javett, M. Chitters, W, Tope,

M, Epstein and G. Faerber all of Johannesburg, and
Doctors B. Epstein, P. Oosterhagen and J. Rudolph

of Pretoria. Valuable assistance and great courtesy
has been offered by the Matron, St. Vinoentfs School
for the Deaf, Johannesburg, Mr. Wentworth of.the
National Council for the Blind, Pretoria, Dr. le Riche
of the Union Health Department, Pretoria, Ma."or
Dreisenstock at Defence Headquarters, Pretoria and
those most efficient librarians, Miss A.C. Dick.and
Miss Krige of the Witwatersrand Medical Library.

My thanks are also due to the doctors at Union Health
Department, Pretoria who so graciously plaoed their

excellent library material at my disposal* Last but
not least, 1 am indebted to Mrs, T. Mellet, Miss

E. Marcus and my wife for clerical assistance.

E,F.
Pretoria,

January, 1951.



CHAPTER 1.

THE GENETIC BACKGROUND.

(1D CENERAL EMBYOLOC-I1CAL PROCESSES AND MECHANISMS.

Congenital malformations is a subject which
has come more to the fore in recent years owing to the
growth of the science of genetics. Although at birth,
a malformation may he recognisable by the most untutored,
nevertheless it may sometimes only be ldentified by the
closest physical examination, sometimes by a microscopic
examination; and in some instances only autopsy will
disclose internal abnormalities, not obvious, or not
even suspected from external examination. We often
have to enlist the aid of radiological, histological
or even genealogical methods of investigation. By
closer examination, what is at first apparently sporadic,
turns out to be hereditary or familial. Today, we are
closely investigating patterns which may represent al-
ternative expressions of hereditary characters.

Probably the genesis of congenital anomalies
oocurs 1iIn quite a number of cases, during the early
weeks of embryonic development, where groxtfth iIs occur-
ring during this period, False steps in the wrong,
directions continue along abnormal pathways, and are
often incorrigible.

Now, a zygote consists both of nuclear material
and cytoplasm, defects in either of which will give rise
to abnormalities. Nuclear defects are often transmissa-

ble to the offspring, and possibly
cytoplasmic/...



cytoplasmic defects may act on similar lines. The
environment consists of internal surroundings, and
external surroundings which comprise not only the
uterus, but also the climate and locality of the
mother who carried the uterus, her nutritional
state (Gosmosphere), and even more broadly her so-
cial and economic and educational status (Bio-
sphere) . From the first cell division to the bias-
tula stage, internal environmental factors are more
important as regards defects. After this stage,
the influence of gene action becomes noticeable; al-
so a close relationship is established with the
maternal organism. From then on until birth,
growth and development occurs more in accord with
genetic constitution. Josef Warkany (1947) says,
"Obviously the genes contain the plan of the future
organism, but for its growth, huge amounts of build-,
ing materials must be obtained from the environment™.
During cell division, the genetic constitu-
tion of ail the somatic cells is identical with that
of the united sexual cells. Hence differentiation
does not depend on genes solely, but partly on close
interaction between nuclear material and external and
Internal environment. Development depends on innu-
merable physico-chemical processes: that is to say,
in each cell division, reactions occur between the
nuclear substance, (gene), and cytoplasm (which is
part of the environment), "a form of “systolel and

"diastole* i1n exchange of material.”

(2 GENE ACTION.

Genes act apparently as enzymes, or catalysts

but for normal action they require normal cytoplasm

and/. ...



and normal environment. Hence a certain type of
malformation could be the result of the disturbance
of a specific reaction between genes and environment
so that the same type of Congenital defects may arise
from environmental abnormalities as from genetic ab-
normalities. Where however, as a result of a normal
genetic constitution interacting with an abnormal en-
vironment, a defect 1is produced, although the latter
may be congenital, it is not hereditary. Such a
malformation 1is designated povooty , and this type
is morphologically indistinguisable from the other,
which originates from abnormal genes, and which may
only be differentiated by consideration of genealogi-
cal records. The morohological type is called pheno-
type whereas.the term fT,;not”e refers to its genetic
constitution. For example, people of different
blood groups are phenotyplcally alike,being only dif-
ferentiated into their respective groups, (i.e,
classed as.to genotype) by means of blood agglutina-
tion tests.

The duality of environment and gentles can
never be separated, although there is accent some-
times on the one, sometimes on the other. The same
applies to the expression of disease. Pathological
processes are the product of environment plus consti-
tution. To illustrate this point we have only to
observe the work of Morgan, who bred the fly,Droso-
phila., with vestigial wings by exposing the larvae to
a low temperature. He also found that vestigial
winged flies arose as a hereditary mutation. As the
temperature of incubation in the larval stage was in-
creased, so did the length of the wings increase un-

til at 31°C they approached normal size.
The/. ..
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The intra-uterine environment IS never con-
stant or homogeneous, hence Mendelian ratios are not
exact. Whether an actual gene will ever be seen is
problematic, although its location on a particular
chrorposome may be known from a geographical point of
view. Gene action is postulated to be that of a
catalyst acting on certain parts of the embryo which
are receptive at a particular stage. Such areas
called crgnnizers , then respond by liberating evoca-
tors , substances bringing about differentiation of
tissues. There are secondary and tertiary organi-
zers which operate at the appropriate bio-chemlco-
physical levels arrived at by a previous succession
of events. Some of these events are constantly re-
peated (synchronic events) to build up to a stage of
organiser action, and the production of a single dia-
chronic event which is essential for a procession of
further events. Hence the importance of previous
happenings in the life history of a embryo. This is
illustrated by the accompanying figure taken from
H, G-riineberg. (Fig. 1). Organiser action can be
studied by its effect on the developiiqg embryo. The
organiser exerts a stimulating effect in a particular
direction, sometimes also when the organiser tissue
has been destroyed by boiling. Even cell-free ex-
tracts exhibiting organiser activity have been.pre-
pared: these g.re really evocator concentrates.
(Needham 1942).

Each cell 1is regarded as having a contetancc,
or a potential range of development. The exact out-
come of its development depends then on previous
events, on the cell®"s relationship to its neighbour-

ing cells, and hence on the environment, which is the

result/e-._.



Gastrula Invagination
Organisation centre

yy
uHead-organiserl Tall or KTrunk-organiserl
A -A 1 Y
Side pla.te
mesoderm.
Ectodermal
mes enchyme
Skin Limb buds
Cornea Tympanic
membrane.
FIGURE 1.
Schematic diagram to illustrate action of primary and subsidiary organisers.
(adapted from Holtfreter, J. and Needham, J. - “Biochemistry & MorphogenesisO, (1942) p.290).
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result of a passage of events, and in which are con-
cerned the nutrition, and hence the physical basis
of the developing organism, its carbohydrates, 1its
fats and i1ts proteins. The proteins from which the
cells are constructed may bo derived from "fcodF
taken iIn under adverse environmental conditions,
thus becoming in some way modified. The whole
molecular structure of rat cells is.different from
that of the mouse, or cat, or human. However, 1n
the fertilised ovum, there i1s a limit to the extent
of differentiation, “rats remailn rats, cats remain
cats, even rat protein is different from cat protein.1
As the environment 1is constantly changing, so the
material substratum, from which the embryo is deve-
loping, 1is also changing. Take the case then, of
identical twins, who inherit similar genetic consti-
tutions, 1i.e. they are genotypically Ildentical.
However, beoause the environment of the one iIs not
precisely the same as the environment of the other,
development 1is not exactly identical in both. This
even applies to the Dionne Quintuplets. For in-
stance the one embryo lies on its head, the other on
its bottom or side, one may develop from the left
half or the other from the right half of the deve-
loping zygote. Similarly fraternal twins represent
the result in two different individuals of environ-
mental conditions aa pearly identical in two
cases as 1t is possible for them to"be. And again,
it is conceivable that the mother®s proteins may be
modified by the injection of different antigens.
Such antigens, especially if diffusible across the
placental barrier._may alter intra-uterine environ-

mental conditions. The altered proteins produced

may/». ..



may only be utilised by the embryo with difficulty,
it at all.

During this developmental process, the em-
bryo viewed from instant to instant, appears to be
static. Prom instant to instant there may be no
chemical bio-chemical or physical differences de-
tectable, but nevertheless integration 1iIs occur-
ring all the time. Soon the embryo is polarised
towards the uterine wall, soon a cranial and a cau-
dal part become Indentlfiable. Then, the approxi-
mate position of the eye or the tail 1iIs recognisa-
ble; and although, as yet there may be no sugges-
tion of eye form, or even tail form, the optic re-
gion, and caudal region are areas of organiser acti-
vity, Before differentiation occurs, at a very
early stage one may remove any portion of the em-
bryo but the neighbouring cells replace the loss
and apparently normal development proceeds. When
differentiation occurs, such Interference will lead
to abnormalities of development, or even be lethal,
because the direction taken in the development of a
particular part is dependant upon the extent of
development up to datc . (Dependant development).
That is to say, if no limb-bud forms, then the stage
is not set for the development of fingers. Each
embryonic system seems to have a certain critical
period during which rapid growth in the direction of
differentiation occurs; and during this period, as
we shall see later,that particular system is most
vulnerable to interfering factors. (Stockard 1920-1).

On the other hand, transplantation of the

presumed optic parts into the caudal section of the

embryo/ . ...
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embryo may lead to the development of an eye situated
In the.tall because organiser activity Is now trans-
ferred. Such an eye may morphologically resemble a
normal eye, but because it has developed independant-
ly of the nervous system, it will be non-seeing.
(Needham, 1942). Therefore the Intergration of a
normal Individual depends on the proper sequence of
neighbourwise  development of cells up to a stage xvhere
seifwise development can proceed in the direction of
differentiation. The genetic complex of each cell
provides a range of biological potential, or range

of alternative actions for that organism, and the
final determination is Influenced by the environmen-
tal conditions prevailing.

The level at which normal deviation of the
cells into a direction of differentiation, or any
deviation from normal, becomes obvious to the embryo-
logist with his comparatively crude methods of inves-
tigation, does not represent however, the actual
level. Divergence must have occurred lorg pre-
viously at some physiological level, later at a phy-
sico-chemical level, and very much later at the mor-
phological level, which is the more easily recogni-
sable. Hence our earliest recognition of defects
in the embryo implies misdirected processes occuring ,
much further back in the life track of the individual.

In the cases where eye- anlages are tampered
with, we find that in some cases, namely in Bomblna-
tor Paohypus, the removal of eye-cup will ensure that
the lens by dependant development will not develop.
On the other hand Spemann found that a highly deve-
loped lens developed from a lena disc without an eye-

cup in the case of Rana Esculenta.(See figures in

Needhams/. ...



Needham®s Biochemistry and Morphogenesis, page 294).
The inference here however, 1is that the inducing
chemical substances for development of lens 1is not
always contained in the eye cup ltself but in the
surrounding mesoderm, say, as heparin is found in
the tissues surrounding the great vessels. The
older theory of "double assurance™ suggests that to
guard the embryo against possible defects in de-
velopment, more than one factor is necessary to pro-
duce a given end result.

Every hereditary trait, in fact is influ-
enced by one or several pairs of genes. This
latter fact also explains differences iIn the ex-
pression of abnormalities not quite conforming to
type. In general, genes are ranged iIn pairs. The
human being has in his cells 24 pairs of chromo-
somes (or autosomes), one of each pair being derived
from the mother, the other from the father, and each
containing one of a pair of genes 1iIn series. Each
pair of genes govern the expression of a character.
Therefore we have in Inheriting a character, the
possibility of taking a gene from the paternal or
maternal side. These alternative genes are known
as ailieilonorths. In general, i1f Wo members of a
pair tend to produce different results in the ex-
pression of a particular character, the zygote Iis
said to bo heterozygous, that is to say, one of the
pair is suppressed by the other (doninantj , in the
individual and becomes recessive, "but may yet be
transmitted to one of its zygotes, becoming obvious
only if paired with a similar recessive gene. Where
two such recessives are paired or where two dominant
are paired,the zygote 1is known as he*azygous (rr or

DD) : /..
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DD) : the progeny of all homozygotes when mated to
any recesslves, will ati .be phenotypes for the homo-
zygous characteristic, e.g. rhesus fTactor in human
blood.

Heterozygotes as a rule conceal completely
the recessive character. The genotype becomes
morphologically indistinguishable from the phenotype ,
and recognition may occur in animals and plants by
breeding experiments, and in man by examination of
pedigree or blood agglutination tests. The appea-
rance of certain defects in a family does.not neces-
sarily indicate a hereditary transmission. These
defects may be yet dependant on environmental condi-
tions as fTor example, ricke"ts and goitre. Even
criminality which is observable in some families may
be the result of environment and not due to an iIn-

herited defect of moral character.

(B) VARIATIONS AND CONCEPT OF "NORMALITYIL

There is a protozoon organism TfTaronoecim
Cauda tun, which can reproduce assexually. Such off-
spring, all of which are of identical genetic consti-
tution, are called clones. Investigating a given
number of clones, it was found, that there was varia-
tion In size, throughout the group. Most of the in-
dividual were of the medium size class, slightly
smaller of larger individuals being rather less com-
mon, very long and very small individuals rare.
(Ride, 1938). Plotted on a graph, size classes as
against number of Individuals, the shape follows
that of G-alton®"s distribution, coefficients of the

expansion of the binomial (a plus b)n,

Number/ ...
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Number of Individuals.

Size, Glasses, etc.

Figure 2.

Theoretical Curve 1 Binomial Distribution.

The larger the number of Individuals measured,
the smoother the curve and the more closely does It
approximate to the theoretical shape. Thus we have
an excellent example of variation in Individuals of
the same genetic constitution, which_varia.tion must
be due to environmental factors, 1.e. the biophysical
conditions are not exactly the same during the forma-

tion of each individual, and are reflected by diffe-

rences in constitution. Most of the individuals
will find cond.ltions, 1in general, Tfavourable; these
are ""normals". Those on either side of normal on

the curve represent development under conditions in-
creasingly unfavourable.

Should the small and larger individual be
grouped and bred from each clone, generation after
generation, Xxe find the identical symmetrical distri-
bution applies to the offspring, and the ™"normal®™ re-
mains constant, thereby indicating that difference
due to environmental causes are not inherited; they
are therefore termed "variations'.

On the other hand, if individuals from the

general Fare-o0+civ, population, are selected and bred,

iNnto/. eee
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Into donee| ve find that the average or normal size
of different clones varies, though the shape of the
curve in each particular case remains the same.
Different clone curves may even overlap, but some of
the _.eemall sized individuals from a genetic strain of
large paramoechim may be identical in size and appea-
rance as some large-sized individuals arising from
small paramoeclum. This means that although the
phenotypes are the same, they may be sorted into
their respective genetic constitutions by breeding
experiments.

In the case of the human population, our con-
cept of "normality"” d.epends for close.approximation
of the number of iIndividuals examined. Since no two
individuals are axactly alike, “*here can strictly
speaking be no single normal individual; and an 1in-
dividual can only be classed as normal in respect of
certain characteristics. Every Individual is sure
to have iIn one way pr another some ™"abnormal™ cha-
racteristic as well. J. Bauer (1945), points out
that according to the strict text-book criteria,
only 9% of individuals examined at random.were found
to have a hormal™ greater splanchnic nerve.

Some characters vary more amongst indivi-
duals than do others. IT a particular variation .of
a particular character occurs more often than iIn 4.9?
of the population, it may be regarded arbitrarily,
as normal, although still a deviation from the
average. Clinical medicine (and teratology) really
resolves itself iInto a determination of, and a pro-
per evaluation of variations existing amongst indi-
viduals. In treatment, it resolves itself iInto an

appreciation of Individual differences 1In response

to/ . e-.
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to different therapeutic media; and that is why
there can never 'be any fixed dose of any chemical or
physical .agent. A normal dose may sometimes even

be fatal. Some abnormalities may be carried through
life without affecting the health in any way; others
are potentially dangerous, e*g. abnormal mesenteric
attachment of bowel ma.y never have been harmful and
yet one day, Xraen the individual becomes atonic and
constipated with age, his bowel may be obstructed by
volvulus. A fTormula was devised by German patho-
logists to express relationship of disease factors

(Bauer, 1945):

D = 1I/R,
where D = Disease,
I = 1Injury in its widest
Interpretation,
R = Resistance of organ

to injury (genetic
constitution.)

We see also that milder cases of a particular disease
are the most difficult of diagnosis because of the
resemblance to many other conditions. In fact there
can be no routine diagnosis,and no routine treatment
based on a single clinical sign.alone or isolated

laboratory or radiological data.

(4 THE MENDELIAN LAWS.

At this stage it will be advantageous to
briefly review the Mendclian Laws.
First Law: F.1. The Tfirst hybrid generation
derived from a cross from homozygous parents is uni-
form (uniformity of F.I). For example, 1In the gar-
den plant MirabHis Jalata there are red flowering
plants and white flowering plants which breed true
red and white respectively, shown diagramatically
below. Matings between Red and White turn out as..

follows/ ...



14.

follows:-
RR X FFf
P : Homozygous red X Homozygous white (P - Parents)
FlI all H ¥ (FI- First
(all pink) filial ge-

neration. )

Note that both alleles red and white, are dominants.

Second Law: F.2. The second hybrid generation ex-
hibits segregation of factors in a definite numeri-

cal proportion, e.g.

R¥ X Ri7
P : Pink X Pink
F2; 1 HR 2 R¥ 1¥¥ (F2 - 2nd filial

generation)
i.e. 25% red 50% pink 25% white

This illustration is from a cros-s involving
characters which are both dominant and hence which
both exert equal actions phenotypically. Applying
it to a cross between a dominant and a recessive
character, as for instance, when tall plants (1),

a dominant, are mated with dwarf plants (d) a reces-

sive, the following results occur.

Parents (?) tall X dwarf
T X d
FI. Td

all tall (because T is dominant, egresses
itself; d iIs recessive, there-
fore concealed).

IT members of the first filial generation are

crossed, we get

X Td
hybrid tall Tall hybrid
F2 - 111 233d 1dd
Tall : dwarf 25% homozygous 5T$ tall dominants

as 5 - 1. tall

25% homozygous dwarf.

>Third/. ..



Third Law! IT several pairs of characters enter
Into the same.cross, these segregate Independently
of each other, e.g.

IT we mate agouti non-wavy haired mice with

non-agouti wavy, the allelomorphs Involved are as

follows:
w equals wavy, recessive
W u non-wavy, dominant
A . agouti, dominant
a i non-agouti recessive
P Non-agouti wavy X agouti non-wavy
aaww X AAWW
Fl 1 aa ww 2 aA ww 1 AA WW
that is : 3 Agouti non-wavy, and 1 non-agouti wavy.

The various unions are shown graphically as

follows:-
Eggs M
Sperms A Wv A wv a Wv a v 1
J
A Wv lAA Wv Wv AA Wv wv Aa Wv Wv Aa Wv wv ;
A wv AA Wv wv AA wv wv Aa Wv wv Aa wv wv i
a Wv Aa Wv Wv Aa, W wv aa Wv Wv aa Wv wv j
>

\

\ a wv Aa Wv wv Aa ww wv:Iaa Wv wv aa wv wv;

After Mendel had formulated these laws, and
after they had been accepted, which was only after a
lapse of many years, there fTollowed a period when it
was discovered that they did not always apply in the
statistically correct proportion, even allowing for
the element of chance in sampling errors. It was even
found that homozygous dominants had children apparent-
ly normal. Eventually the correct explanation was
found in the phenomenon of linkage, and other more

recently discovered modes of gene action to be dis-
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In Medicine, we are confronted with, the pro-
blem of recognising and isolating Mendelian units,
i.e. the genes. As the gene is really a form of
potential energy, a force tending to move the deve-
lopment of the organism iIn a particular direction,
it should not be regarded as a particle bearing de-
finite morphological characteristics. When consi-
dered in this light, namely, that the gene plays a
small part in a complex whole, xXre realise that a
“gene”™ by itself, and out of relationship to the
whole genetic constitution of the individual, means
nothing. This concept also serves to emphasise the
complex nature of transmission of hereditary charac-

ters.

(5) DOMINANT TYPE OF INHERITANCE.

Individuals with _dominant hereditary genes
are usually heterozygous. IT mated with normal in-
dividuals they.will have 50% of their progeny showing the
dominant trait. Children not showing the abnormal
trait can therefore expect normal offspring. The
following congenital anomalies are believed to be in-

herited according to the dominant mode: (Warkany, 1947).

brachydactylism polycystic kidneys
polydactylism microphthalmia
syndactylism aniridia
cleidocranial dysostosis coloboma iridis
oxycephaly ectopia lentis
cleft"” palate cataract
cleft lip optic atrophy
multiple exostoses ectodermal dysplasia
chondrodystrophy ( (one type)
(achondroolas ia) neurofibromatosis
osteopsathyrosis multiple telangiectasia
ptosis of eyelids spherocytosis

sicklaomia
(@ An-parent execution to Mendelian lLax/, - "skipping"
a generation.
It has been seen that an individxial who 1in-
herits the trait, transmitting it to 50™ offspring, .

sometimes/.*.
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sometimes does not himself show the trait. The
explanation is along the following lines:
(b). Expressivity.

In the Tfirst instance, there may be reduced
expressivity of the gene which may cause a slight
abnormality not obvious, althoughminute examination
may show microforms of the defect. Sometimes, spe-
cial diagnostic methods may have to be invoked, as
for example X-Ray to show up skeletal defects in
apparently normal progeny arising from hetrozygous
parents with dominant transmlssable skeletal anoma-
lies. In congenital haemolytic jaundice, all, or
one, or some of the following defects may appear in
members of the family: anaemia, splenomegaly, hepa-
tomegaly, cholelithiasis, chronic ulceration of the
leg. However, all the affected members show sphero-
cytosis and Increased fragility of the red blood
cells. Or again, 1in fibrocystic disease of the pan-
creas, we may have steatorrhoea and bronchiectasis.
It is possible that many children suffering from
"weak chest" after infancy, may be milder cases of
fibrocystic disease.

(0). Penetrance.

In other cases the frequency, or penetrance
with which genes show any effect at all is low.
Therefore genes have the additional property of in-
creased or decreased penetrance varying according to
the particular gene. For example, cataract often
skips, neurofibromatosis skips, sometimes showing
only the cafc-au-1ait spots, so that in the ca.se of
neurofibromatosis we may say that penetrance 1is high,
and expressivity is variable, (see Susceptibility).

The/. ...
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The conception of penetranoe Is a very im-
portant one. IT we can discover the factors which
influence penetrance, we may he able to subdue, or
conceal entirely, undesirable charaateristics which
have a genetic origin. Here Indeed is another wor-
thy goal in the future of Preventive Medicine.
Statistics show an increase of the incidence of
pyloric stenosis with Increasing age of the mother.
At the same time there appears to be a definite
hereditary tendency. It Is therefore likely that
non-genetic factors play a part iIn the production
of the anomaly (Stern, 1950.)

(d Degree of Dominance.

Although rare, there may be more than one
abnormal dominant gene. For example, tyoes of
brachyphalangy are due to a single dominant gene in
the heterozygous state. Where two such heterozy-
gous cousins mated, one child was homozygous for
the abnormality, with the {esult that he was born
cripaled, shoving osseous malformations, including
complete absence of fingers and toes. Hence doub-
ling of some dominant genes causes a more marked ex-
pression of the abnormality.

Rare dominants are scattered amongst the
human population mainly in a heterozygous condition.
The question is complicated by the fact that what we
regard as "dominantl may be misnomers, because many
homozygotes are unknown. IT identified, such
homozygotes might 3hew the dsfocta much rmro ob-
viously or, unfortunately, in such a way as not at
first In the mind of the observer to relate it to
the heterozygous state of expression. Hence the

term dominant is often loosely applied in human

genetics/ ..
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genetics to genes manifesting themselves in the
heterozygous state. Where rare dominants are mated,
50% of the offspring will inherit the anomaly,
(@Or x rr type.)

With common dominants, TfTor example, the
blood groups, there is a high proportion of homozv-
gotes in the population and all the following types

of matings will occur:

c)
r) These will not segregate

N
r 3 : 1 segregation.

r 1 : 1 segregation.
r all recessives.

= U O oo
=~ % =% Uoo

X X X X X X
= = O = O O

Matings of two humans wi'™!l heterozygous re-
cessive defects often do not give a recessive child,
as there is a large sampling error in the case of a
small human TfTamily.

(0 ‘'Weak™ Dominance.

Weak Dominants, or Qualified dominants, are
dominant genes which can manifest themselves pheno-
typically in a heterozygote» but expression is large-
ly deoendant on suitable environmental conditions.
Therefore, only a certain number of the heterozy-
gotes will express the trait. This also helps to
emphasise the fact that it is not really '"characters”
which are inherited, but specific capacitites to react
to the environment.

(M Irregular Dominance.

How can we explain the case of a familial
trait showing dominant characteristics suddenly ex-
pressing itself in the child of apparently normal
parents? Very often, the answer lies in faulty In-

formation regarding the parents, or iIn the fact that

a parent/. ..



a parent may have died before being able to express
the trait, - really therefore a case of weak dominance
as described above, and called the spurious type.

Genuine irregular dominants occur if -

1, Environmental background is not adequate for
expression in other members of the family,
e.g. susceptibility to smallpox may not be
noticeable, because the person has not been

exposed to infection.

2. Other genes exert a disturbing influence.
Theoretically, it seems probable that asso-
ciated genetic factors attached to other
genes, modify, or appear to mask the origi-
nal trait. These modifying characters, by
themselves, may have no obvious phenotypical
effect, yet they may entirely suppress, dilute
or weaken a dominant to the extent of making
discovery impossible, or very difficult.

Weak dominants behave very irregularly in
families, The parents of the affected zygote usual-
ly remain free, although more distant relatives may
express the trait, so that the proportion of the
affected zygotes 1is usually low. Weak dominants are

common in Man end may be confused with recessives.

6. RECESSIVE MODE OF INHERITANCE.

The following congenital anomolles may be

transmitted In a recessive manner ((Warkany, 1947) j

polydactylism dislocation of hip
microcephaly coloboma iridis
anencephaly microphthalmia
oxycephaly ectopia lentis
acrocephaly optic atrophy
cleft palate albinism
cleft lip Ichtyosls congenita
Laurence-Moon-Biedl xerodermia pigmentosa
syndrome he rmaphrodi tism
spina bifida imperforate anus
talipes

Individuals/. ...
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Individuals heterozygous for on abnormal re-
cessive gene are aooarently normal and produce all
normal offspring with mates who have two normal
genes TfTor the -onthological trait. Mated to another
heterozygous person like himself, one quarter of the
progeny of this couple, who appear outwardly normal”
will be homozygous recessive and express the patho-
logical trait. For example, where r equals the

trait (recessive),

Parents Dr X Dr
Gametes D r D r
Zygotes 1 DD 2 Dr 1 rr

Note that one in four of the progeny is
homozygous for the recessive defect, which now be-
comes obvious. Only heterozygotec Dr, and homozy-
gous recessive, rr, can subsequently transmit the
characteristics. Dr and DD phenotypically are iden-
tical, but are genotypically different in that DD
oannot transmit.

Phenotypically, therefore, three quarters of
the offspring appear normal, but genotypically only
one quarter are normal, and unable to transmit the
defect. Halt the offspring are heterozygous like
the parent, and one quarter are homozygous, showing
the defect. Thus three quarters of the children are
able to carry the defect. The probability of these
heterozygous carriers producing a large number of
defeotiro descendants, depends on the rarity of the
trait in the population at large. IT rare, the
chances of meeting, and then of marrying another
heterozygote are slender in proportion, but the
eprobability Increases if he marries into his own
slbship. Hence Inbreeding tends to bring out

familial defeots, as well as good traits, and the

nrouRnv/. ..
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progeny are more likely to 'e desirable than unde-
sirable in proportion to whether good or bad traits
are present in the family. We see therefore, that
inbreeding is not necessarily a bad thing. If a
homozygote, rr, manifesting the trait marries a nor-
mal genotype, all the offspring will appear normal,

but be carriers{

Individuals rr X D
Game tes rr D
Zygotes
(He terozygous

carriers) Dr

IT recessive type of homozygotes with mani-
fest defects mate, then all the offspring will be ab-

normal, e.g.

Individuals rr X rr
Gametes rr X r r
Zygotes all rr

() BLENDING INHERITANOE.

Whereas the chance of a pathological trait
occurring in the offspring of two simple recessive
heterozygous carriers is, as we have seen, one Iin
four, a recessive trait, dependant on the presence
of two genes in different loci not dorresponding, IS
one in sjxteen. IT dependant on the presence of
four such genes, the chances are one in 256. This
indicates that hereditary traits of such a nature
may appear in the children of apparently normal
parents, and apparently normal families, where indi-
viduals may not be carrying a full complement of
genes necessary to ««**»s%* the trait. The gametes
of the parents of the children iIn question, contri-
bute genes to make up the full complement in the

offspring, where the condition becomes manifest.

@)/ *eee.
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(@ Modifying Factors.

Modifying Factors are genes which have no
phenotypic effect of their own, hut yet affect the
phenotypic expression of another gene and even 1its
dominance, so that in some set-ups the gene may act
as a semi-dominant, at other times as a recessive.
The modifiers increase or suppress the action of a
gene in a heterozygote, and as they are very common,
we have yet another explanation as to why a specific
gene produces some different effects at different
times.

There are some cases where inheritance can-
not he explained hy a simple gene. There appears
to he a tendency towards a particular type of expres-
sion. For instance Dunn (1941), investigated a
strain of rats showing taillessness. All types of
matings, l.e. tailless x tailless, tailless x normal,
or normal x normal, within the strain, all give a
similar percentage of tailless young. Hence the in-
heritance of taillessness in this particular case
cannot he based on a single gene, but on some other
factors of genetic or cellular constitution.

(h) Susceptibility to disease.

In man such a meohanism Just described may he
operative, as possibly in some forms of cancer, but
sampling errors due tc small families and iInadequate
follow-up maice investigation very difficult. It is
a type of specific susceptibility requiring further
elucidation. Bauer (1945), in particular, has stu-
died susceptibility of various organs to disease and
has collated evidenoe in favour of such structural
inferiority in certailn cases. Here, we have a gene

creating an inherited tendency to disease iIn an organ,

expressing/. ..
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expressing itself should the appropriate stimuli
arise.

Because a whole organ or system may bo con-
stitutionally inferior, should a certain diseaso
occur, the clinical picturo will be coloured by the
fact that the inferior organ is the hardest hit by
the disease process. For example, should hyperin-
sullnism develop in a person, manifestations might
bo abdominal, e.g., with hunger, colic, eto. but if
that person be predisposed to epilepsy, then convul-
sions may overcloud tho picturo. In the treatment,
the response to insulin, anti-convulsants, otc.
will vary also from case to case, with those dif-
ferences iIn genetic constitutions affecting reacti-
vity to these agents. So we see therefore, that
in a disease pattern not one, but many genetic fac-

tors are involved.

(8 LINKAGE.
(@ Sex-Linked with Recessive Inheritance.

We have seen that allelomorphs are alterna-
tive genes arranged.in pailrs, governing the expres-
sion of a character. The genes are regarded as
being nresent on the chromosomes, of which in the
human zygote there are 48. Each of the pair iIn one
gamete (sex cell) has a correspond.ing mate in the
other gamete so that the resulting individual (zygote)
also has 24_pairs of chromosomes, of such homologous
chromosomes. Actually 23 pairs are coupled in the
sense that they resemble each other, the one having
come from the father the other from the mother.
These corresponding pairs which appear to be morpho-
logically similar are called autosomes. The 24th
pair are dissimilar, a long "X1 and a short "YM

(sex /...,



(sex chromosomes).

Where a zygote contains two ' chromosomes,
it 1s a female, XX.

Where a zygote contains X plus Y chromosomes,
it is a male, XY.

Note that in the gamete or sexual cell the
number of chromosomes is reduced to one half (re-
duction division). The significance of this is
that the chromosome number in the zygotes is kept
constant; otherwise with each union of gametes the
zygote will keep doubling the number of its chromo-
somes, until It contains an .impossible number. The
reduction division is also responsible for heredi-
tary variations depending on different and new modes
of linking up in the different zygotes. Sex deter-
mination occurs also on these lines. With each
chromosome dragged along into the zygote, 1is the
linked together row of genes, so that even the sex
chromosome Y d.rags with it, willy-nilly, a whole
string of characters, not directly related to sex
(sex- linked characters] . Chance however, governs
which chromosome goes into which zygote. The Y
chromosome has a very small part which is not homo-
logous to the X, containing the so-called Holande-
ric genes), and of course the X has a very much
larger piece for which there iIs no corresponding
part in the Y at all.

It should be understood that the so-called
sex-linked recessive characters are linked on to
that larger part of the chromosome which has no
corresponding homologue in the Y. In other words
there is a deficiency of allelomorphic genes in the
Y chromosome. Buch allelomorphic genes, 1if present,

would dominate the recessive trait, ((f dominant),

or/ ....



or modifying genes contained in the “missing”™ part,
would Influence expression of the trait* The
pathologloal trait in the female may he rendered
harmless by a dominant contained in the other X
chromosomej or theoretically may be expressed, if
the other X chromosome also contains the recessive

trait, i*e. the female individual is a homozygote.

HAEMOPHILIA, A female haemophilia carrier, nates with

a normal male.
H equals gene for haemophilia (linked to X chromo-

some X(H),

P XX M X XY
Gametes 0 X ® X Y
Zygotes XX XY XX(H) X(H)Y

50# sons have the trait, 50# normal.
50# daughters are carriers, 50# normal.

ovlal fvviale with affected, vtale

P XX Xeo) =
Gametes X X XH N2
Zygotes 2 X X M 2XY

All the daughters are carriers, but all the
sons are normal.

Female carrier nates with affected male.

P X X @ X(H) Y
Gametes X X(h) X(H) Y
Zygotes XX 2XX(H) X(h) X(h)

25# are normal females
25# are affected females
50# are TfTemale carriers.

However, cases of females suffering from
from haemophilia are not well authenticated. It
seems logical enough that apart from the fact that
the possibility of such a mating must be extremely
rare, the haemophllic stato may act as a lethal, 1.e.
a factor not permitting the carrier to live.

The following are known so far to be trans-

mitted/. ..,



mitted as sex-linked reoessives (Warkany, 1947),

Microphthalmia

Megalocornea

Leber®s Optic Atrophy

Anhidrotic Ectodermal Dysplasia

Haemophilia

Oolour Blindness

Some abnormality patterns or entities, e.g,

microphthalmia are inherited by different modes, e.g,
dominant or recessive as well as sex-linked, and even
possibly present as phenocopies »xrhich of course are
not transmissable*

Colour Blindness. Four per cent of males are red-
green glind, although they may be able to distinguish
traffic lights by intensity. Inheritance is as for
haemophilia (see above) except that certain colour
blind females are known (v to 1% of the population).
The gene TfTor colour blindness iIs a common recessive
in the population, so that colour blindness 1is a

common recessive iIn the population and the chances

of affected males marrying carriers are relatively

high.
Carrier Normal
Parents XX(B) X XY
Gametes X X(B) X Y
Zygotes XX XX(B) XY X(B)Y
Hence of the progeny, 25% of females are completely
normal ;

25% of the females appear
normal but are carriers;

25% of the males are perfectly
normal ,

25% of the males exhibit the
trait.

() Sex-Limited Factors.

Males and females may inherit genes for a
specific defect, which however, only becomes obvious
in the case of the male, say, owing to the fact that
the male body with its hormones and environmental
potentialities enables the expression to occur. _The

faot/e=,-,
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fact that a particular disease is oonfined to, or
predominates iIn one oex, IS not necessarily an in-
dication that such disease iIs sex-linked. It mere-
ly means that the anatomical and physlological soil
is really suited to allow such a defect to flourish
in the case of sex-limited factors. For example
in hypospadias the gene for the defect is not oarried
in the eex chromosomes and yet only males may inherit
the defect by virtue of their peculiar anatomical
makeup .- Penetrance varies with the sex.

Multiple Exostoses are found about twice as often
in men as in women, although the dominant gene 1is
not sex-linked, but autosomal, 1i1.e. affected fathers
transmit the gene to both sons and daughters. Sex
limitation iIn this case is incomplete or partial.
Gaucher®s Disease and Niemann-Pick Disease (reoes-
sive) and benign cystic epithelioma (dominant) are
much commoner in females than i1n males, while albi-
nism and congenital hypertrophic pyloric stenosis
are commoner in males.
Baldness 1S carried by the same genes iIn both males
and females, although manifested to a greater degree
in the male. A female suffering from the condition
may possibly, it is thought, show scanty hair, but
never complete hair loss.

TEBe have seen how certain characteristics are
tacked on to the sex chromosomes, but linkage may
occur 1In any chromosome. Polydactyly may be linked
with syndactyly; or hypoplasia of thumbnail may be
linked with deficiency of the patella; or In Laurence-
Moon-Biedl syndrome, we find obesity assodiated with
hypogenitalism, retinitis pigmentosa, Polydactyly and
mental deficiency; or fragility of bones may occur..

together/.,..



together* with doafness and blue sclerotics. The
fact that certain characters are inherited iIn blocks
explains apparent contradictions in Mendel®s Third
Law of independent segregation of multiple factors;
but going a step further, it was found that such
linkage blooks where not always complete or constant,
sometimes more marked, in females than in males, as
was demonstrated, iIn experimental work on Drosophila

we lanogaster ,

This discrepancy 1is explained by crossing
over, a peculiar phenomenon which may occur in the
d.iplotene stage of meiosis. In "this process, homo-
logus parts of an autosome are exchanged. In
effect, this means that a complete block of allelo-
morphs is switched, crossing over with the corres-
ponding allelormorphs. In man, we Tfind that the
ABO Blood groups may be linked with red hair and with
Friedrichs Ataxia. Phenylketonuria, eye, hair and
skin colour factors are linked. Even the layman
knows about the linkage between freckles and red hair.

This conception of linkage i1s of great im-
portance in understanding certain patterns of genetic
disease.

Crossing over probably occurs during the four
strand stage in meiosis, and actual chiasmata have
been seen under the microsoope (Jennings, 1935). It
appears that environmental conditions, e.g. tempera-
ture, actinic rays, age of the mother (demonstrated
in* Drosophila) influence the frequency of cross-overs.
The number of possible linkage groups, too, is ob-
viously the haploid number of chromosomes in the
organism, although they may appear to be less, be-
cause of the fact that members of some blocks are as

yet/
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yet unidentified. -

(0) Partial Sex-Linkage.

To recapitulate, partially sex-linked genes
are carried in.the X and Y chromosome segments which
are homologous. In some oases they tend to he
carried in the Y, but bJ? crossing.over, they may
occasionally be taken into the X. In other cases
they tend to remain In the X, occasionally crossing
over into the Y. The genes appear to be arranged
in linear order on the chromosome and hence tend to
bear a certain relationship to each other.

Possibly carried along these lines are -

Xerodermia Pigmentoseum (marked cases).

Achromatopsia (complete colour blindness;
recessive).

Retinitis Pigmentosa (dominant; only

certain families).
(©® LETHAL FACTORS.

Lethal Factors ere apparently commoner in
plants and animals than 1in man. There must be very
many in humans, but only a few are identifiable,
though very definitely so. Many abortions, Talse
pregnancies, stillbirths, 1in the final analysis,
would probably turn out to be examples of such action,
and probably the best obstetrical and paediatric care
in the world might not save such cases or produce
normal children once the genetic constitution is ad-
justed for lethal effect. In other cases, with
proper care, many may be saved. For example,
erythroblastosis foctaiis expresses 1itself in many
ways. Icteris gravis, hydrops foetalis, erythro-
blastotic anaemia are three main forms of expression,
any of which may be fatal; but survival with treat-

ment is possible In some cases, even in children born

with 7/....
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with hydrops foetails. Premature births may be

caused by the same disease, and the result too may
be fatal or non-fatal. Erythroblastosis is the
result of a complicated set-up. It is the result
of a blood group inheritance of a dominant character

which only acts when the stage is nrooerly set.

Aoart from lethal factors being involved,

a.nd Inheritance of dominant charac-

ters producing effects under certain conditions
(irregular acticpn), there is also the factor of de-
layed action, i.e, permanent sequelae may occur a
year or longer after birth, e.g. kernikterus.or
neurological symptoms with mental deficiency.

In other oases where lethal genes are in-
volved, heterozygous individuals may appear normal,
or only have a slight or non-fatal defect, whereas
homozygotes cannot survive. Death may occur in
utero, or a variable period thereafter,
Brachydactyiy 1is the classical case of surviving
members being heterozygous and showing short fingers
(absence of middle phalanges); the homozygous con-

dition i1s fatal.

D - Brachyphalyngio, dominant.
P: - Brachyphalyngio mates with Brachyphalyngio
P; Dr X Dr
gametes Dr Dr
. .zygotes 1 DD 2 Dr l1rr -

i.e. 25% DD will die in utero (homozygotes),
50 2 Dr will show Braobyphalyngy (heterozygotes)
25% rr will be normal

Other lethals are glioblastoma of retina, usually fatal

in infancy (r),

Amaurotic family idiocv, possibly (r)

I"alignant freckles (rr)
Progressive muscular atrophy (irregular dominant)

Haemophilia may be fatal (G-ates 1946). ,
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(10) PLEIOTROPIO ACTION OF GENES.

We refer to a gene as producing a certain
character, merely because such a character Is obser-
vable, but every gene affects the organism as a
whole, > and the direotlon In end result (deter-
ninatioc®O,will vary according to competence obtaining.
Once determination definitely tends in one direction,
there is a cancellation of other potentially hinder-
ing competences. Any modification of the gene in
the sexual cells, or even in the chromosome itself,
will also be transmitted throughout the whole organism,
being.recognisable sometimes even at the morphological
level* For example, bombardment of the sex cells of
Drosophila with electronic rays causes chromosome
changes and comparable changes i1n the “chromosomes of
the salivary glands, which are observable.

Not only does each gene affeot many organs
and.cells, but “character™ is based on many genes,
e.g, 1In Drosophila , 30 known pairs of genes influ-
ence eye colour. Gruneberg (1938) , described a
factor iIn rats causing anomaly of oartilage forma-
tion which is transmissable (see Figure 3») This
example admirably illustrates plelotropic gene ac-
tion; successions of serial events, lethal factors
operating in different ways, all arising from gene
action carried through various.levels from the phy-
siological to the morphological.

Grueneberg (1943), describes a condition of
hereditary dwarfism in mice caused by a recessive
gene. Growth oeases, and they remain dwarfed show-
ing histologically under-development of the eosino-
phil cells in the pituitary. IT normal pituitary

is transplanted into these dwarfs, they will develop
i- 7/
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into perfectly normal animals (Smith and MaoDowell,
1930). The pleiotropic action iIn this case aots
via the endocrine system, being translated morpho-
logically. Other mice, when X-rayed, produce in
the offspring a puzzling array of hairy eye and foot
defects of all kinds following no laws of hereditary
transmission, (Little and Bagg, 1924). Embryologi-
cal studies however, showed that the developing zy-
gote developed blebs iIn.the central nervous system
according to known laws. Where the discrepancies
had arisen, was iIn the mechanical effects which
varied according to where the blebs collected, e.g.
in the snout area, eye area or extremities. Again,
in children born of diabetic parents, we Tfind hyper-
plasia of the pancreas to offset the hyperglyoaemlo
environment, this state being associated also with
overweight.

In tuberous sclerosis (epiloia), the same
gene which causes adenoma sebaceum on the face, also
causes mental deficiency, enllepsy, etc. The gene
which causes phenylnyruvic acid to be excreted 1in
the urine, also causes mental deficiency (phenylpyru-
vlc oligophrenia). Schizoid personality and Kret-
schmar asthenic body tyoe may represent pleiotropic

action on the part of one gene.

(11)) MULTIPLE ALLELOMORPHS.

Genes are present iIn a zygote in allelomor-
phic pairs. However, genes may also be represented
as two or more allelomorphs. In fact, there may be
a whole series of allelomorphs, but usually only two
are present In a zygote. IT the series be repre-

sented A, al, a2, a3, then the zygote may exhibit any

of/
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of the following combinations:-

A A, A al, A aC, A a3,
al al, al a2, al a3,
a2 a2, a2 a3, a3 a3.

From the above, we see that the.gametes oan
always contain either A or al, a2 or a3. The ABO
and rhesus blood groups in man illustrate multiple
allelomorphism. G-roups A, B, AB, 0 may be further
subdivided iInto two extra types A2, A2B. The type
A2 acts as in weak A. A rare and weaker type A3 1is
known . yl drminatog A2, while O is recessive. B
is partly dominant over A2j i.e. A2 reactions are
much weaker in group A2B.

To clarify the above: at fTirst It was consi-
dered, that there were only four groups viz. A, B, AB,
and O. Later investigations over a large number of
cases Indicated that the so-called nA"™ had in some in-
stances weaker agglutination action than anticipated
(Wiener 1943). . Thus A2 genotype oame to be easily
confused with O. In group A2B, it was found that
agglutination reactions were weaker than with B
alone, thereby indicating that B is partly dominant
over A 2. The gametes (spermatozoa and ova) can
only contain one allelomorph and the zygote not more

than two, viz:

BLOOD GROUP

(Phenotype) GENOTYPE
"Al Al Al AL, Al A2, or A10
A2 A2 A2, or A20
"B B BB or Bo
A D Al1B Al1B
A°B A3B
e0* 0] 00

The/
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The various progeny resulting from different

types of mating may he seen from the following table:

i No Mating <Children possible Children
: " Phenotypes not possible
| 1 a1 X a1 AlLA2, O B,Al 3, A2B
2 a1 X A2 Al,a2°0 B,A1B>A2b
j 3 A X B Al
4 a1 X AIB A B.AIB,a2b A2> 0
1 5 a1 X .28 AI>Ag, b>aib>a2b 0
16 A1 X0 AB A2 .G B, A-JB., AgB
| 7 A2 X a2 a2.C A>B>A1B>A2B
i 8 A, XB Ag, Bj AgB. O Al .AiB
S 9 A2 X A1B Al,b ,a2b Ag, alb>G
T a2 X A2B  a2>B> A2B Al A1B>GG
4 A2 X 0 A2> 0 AN, B, A8, AgB
il2 B X B B, O A™, Ap, AB, ApB
J13 B X a1 A, B, AlB A2>a2B>0
| 14 B X aZ2b Ag, B, AgB Al, AiB,
115 B X O B, O AP a2 alb,a2b
j16  A1B >i AJB Al, BFALB a2 A2B> O
17 AIB } AOB A B A1B,a2b 22> 0
18 A1B > o Al B A2j AXB, AgB, O
B A2B 7 a2b A2, B, A2B Ai, AiB, O
20 a2b X O a2-B Ai, A™, AgB, O
21 0 X0 0

Al»a2> B>A1B,a2B

In keening with the contention that the gene

affects the organism as a whole, we find that the A

grouping is not confined to blood, but

body fluids such as saliva, hailrs, urine, sweat,

semen, bile and the organs particularly pancreas,

kidney, adrenals, liver, muscle, brain and fatty

tissues, possibly to every cell of the body (Gates,

1946). This ‘“secretor status™ may be implicated in

the production of mental deficiency in cases of
A B O mother-child inconroatibillty (Yannet & Lieber-
man 1948) .

The/. ...
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The factors MN, are inherited independantly
of the ABO groups, as are the Hh Factors. In ad-
dition there are iso-agglutinins present in the blood.
Rh-isoagglutination; The Rhesus series of blood
groups are of great clinical iImportance as a cause
both of neonatal death and congenital disease.
Landsteiner & Wiener (1941) found that the blood of
Rhesus monkeys, when injected into rabbits, produced
a serum which would agglutinate the red cells of
about 85% of people. (Rh "positives™). It was
found that the sera of women who gave birth to ery-
throblastotic children, contained an agglutinin
which reacted with.the red cells of the father of
the affected child. Both the father and the di-
seased child were found to be rhesus positive (Rh),
whilst the mother was rhesus negative (rh). The
preliminary genetical investigations seemed to in-
dicate, that a single gene pair, Rh & rh, were in-
volved, and that the mother, a homozygous reoesslve
rhrh could form antibodies against Rh antigens 1in
her child. The husbandfs genotype might be RhRh
(homozygous) or Rhrh (heterozygous). IT the
father were heterozygous Rh positive, then 50 per
cent of his children would be rhrh and therefore un-
harmed by the mother®s antibodies.

Further blood studies indicated that multi-
ple allelomorphs were Involved in the production of
Rh positivity. Fisher and Race (1946) found five
separate antobodies and postulated the existence of
a sixth. They found that everybody had at least 3
antigens, and sometimes 1iIn certain cases as much as

SiIX. These antigens have been labelled by Fisher

as/



as C,D,E, and c,d,e, and he called the missing
;rtibedy, anti-d. The original rhesus factor was
found to he antigen D. Cand E also produce Rh
positive effects, though weaker in degree. C, c,
L.d, E,e are all determined hy different gene pairs,
apparently close to each other in the same.chromo-
some on account of their extreme stability. Actual-
ly 98 types of chromosome combinations are possible,

but three are only really common, namely,

CD e, c DE & cde (Fisher)

Rh « Rh + Rh .
Wiener

R1 R2 r ( )

Hcmozygotes have three antigens, whereas heterozy*®

gotes have four, five or six, for example;

RLr (Wiener) - CDe (Fisher)
cde
} 0D e }
RR" (Wiener) — (Fisher)
cdeE

The sensitised serum of the mother produces
different iso-immunisation effects on the foetal
blood and tissue cells, by diffusion of antibodies
through the placenta. In the unborn child there may
occur cirrhosis of the liver which eventually leads
to foetal death and maceration. Or the child may
be born grossly oedematous (hydrops foetalis). Dur-
ing"” the neonatal period, icteris gravis neonator um
may set in, or congenital haemolytic anaemia. Apart
from a raised fatality rate resulting from this con-
dition; remote results in surviving children are
manifested by.certain types of mental deficiency
(kannet 1950), The most common clinical picture
includes the fTollowing features (1) severe mental

deficiency (2) asymmetric hypertonicity and weak-
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nesa of the extremities, neck and hack, and (3)

choreo-athetosis. Anti-Rh antibodies may persist
in the maternal blood for many years afterwards.
Not all Rh-negative mothers produce anti-
bodies in the presence of a Rh-positive foetus.
Other factors”™ probably environmental, appear to be

Implicated as well.

(12) BIOLOGICAL MOMENTUM.

We have seen, that once determination occurs
according to a competence in a specific direction,
the tendency is to be maintained along that direc-
tion. The speed or momentum is specific though
different for each part gf the embryo to form a co-
ordinated growing system. Any disturbance in the
rate of growth of an embryonic system, especially
during its early critical period may cause abnorma-
lities in development, whether such disturbances act
from without, (environmental) or from within, (ab-
normal gene). According to Stockard (1920-1) an
embryonic system during a period of rapid growth, 1Is
particularly vulnerable to noxa.

There is a creeper condition in fowls (resem-
bling achondroplasia in humans), which is dominant
and hence phenotyplcally obvious in the heterozygous
state (Landauer & Dunn, 1930). The birds are diort-
limbed in appearance, but so far back as the 36th
hour stage of embryological development, general re-
tardation in growth is the first recognisable abnor-
mality. In the homozygous embryos, the presence of
two dominants alleles spells death within the first
few days of development. In the heterozygous state,

the retardation is confined to the limb anlages.

Different/. ..
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Different "bones are however, affected in varying de-
grees, apparently in relation to their different
growth rates. Artificially grown leghuds from, nor-
mal embryos 1in growthTrestricting media produced
similar abnormalities. There were also a high inci-
dence of achondroplastic chicks on low glycine diets
(Titus & Ellis)>

The related condition of achondroplasia iIn
man, .is almost Invariably caused by a mendellan domi-
nant. Cleft palate and hare-lip may be due to local-
ly reduced rate of growth of bones in the face with
consequent failure to unite, though the mode of gene-
tic transmission is not fully known in man. Many
cases are undoubtedly phenocoples, very many are
hereditary in origin,

Although disturbing events early iIn the chain
may lead to early recognisable, or even lethal de-
fects, yet the effects may not be apparent until af-
ter birth, or even later in life. In Huntington®s
Chorea, the affected members appear normal until
after the age of 30 years, when relatively rapid phy-
sical and mental deterioration sets in. It is pos-
sible that the onset of most diseases 1iIs genotypical-
ly predetermined and the pathological condition will
develop provided that environmental conditions are
suited for its development. Even rickets will not
develop In every member of a sibship exposed to the
Same dIfficiency of vitamin D; or if it does, the
extent varies iIn different individuals under the
same conditions.

Viewed from this angle, the aetiology of.

disease nssumes a newer and broader significance.

It/.



It behoves also the pathologist to look for patterns
in disease, different diseases representing the same
underlying pattern expressed under different environ-
mental conditions.

Our hope for the future in prevention of
congenital anomalies lies in the recognition of vari-
able penetrance of many unfavourable genotypes. Why
is it, that of those iIndividuals whose genotypes make
them liable to have clubfoot, 70% do not develop the
trait? We may hope someday to discover the factors
Influencing penetrance and hence possibly to reduce
the Incidence of congenital anomalies. In the words
of Stern (1950), 'recognition of the genetic basis

of anomalies does not lend to a fatalistic attitude,

but on the contrary, to the search for specific pre-

ventive agents."

(13) MUTATIONS.
(@) Origin of Mutations.

At this stage we might ask, '"broadly what 3
ger.nr? "\ From a practical vietirpoint the answer
might be, the smallest particles of living matter,
actually "atoms"™ of life, which are handed down from
generation to generation, are carried in body after
body and maintain unchanged, their specific capacity
for producing specific effects under given condi-
tions. They are in a sense, immortal} the body or
receptacle dies, while they have the property of
syhthesising from cell fluids exact replicas of
themselves. This fact explains partly evolutionary
processes. Certain environments encourage certain
genes to survive and hence certain Individuals X\rlll

be hardier and occur more frequently iIn certain en-



vironments. However, there is an exception to the
above rule of inviolability of genes, namely, the

occurrence of mutations. A mutation 1Is an apparent-

ly spontaneous change whioh occurs in one allelomorph,

transforming it into another type with a different
character, but stable, so that it may.be transmitted
according to all the laws of heredity. Most of
these mutated genes are recessive and henoe are
passed on in a concealed fashion, becoming manifest
with the mating of two hetrozygotes, perhaps.genera-
tions after the original mutation has arisen, Bex-
linked recessive mutations iIn a female may natural-
ly be phenotyplcally obvious in sons of the Tfirst
filial generation.

Although these mutations 1iIn Nature are re-
ferred to as 'spontaneousll, yet there may be some
factors not understood which affects theilr inci-
dence, because it has been found that every gene has
its own specific frequency rate of mutations. In
general, they may be said to occur rarely. In
plants, genes are.known with a high mutation rate
even exceeding 1%, The mutation for a specific
gene may always be identified, or yield a series of
multiple allelomorphs. They may arise iIn the soma-
tic cells or in the gametes. Malignant tumors may
represent some such mutation process in the somatio
cells.

Experimentally, mutations may be produced by
X-rays, radium, ultrayiolot rays, sublethal tempera-
tures, chemicals, etc. The induced mutation rate
is proportionate to the X-ray dose as measured by
lonisation,.i.e, >y degree of electronic
bombardment. In the past, cosmic rays and other .

natural/......
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natural actinic agents have "been believed to cause
spontaneousl mutations, But on the basis of i1oni-

sation and rate of mutation a considerable discre-

pancy i1s found. This 1mplies that unknown factors
are operative. In human blood groups, A2 is consi-
dered to be a mutation; and because relatively high

A2 frequency figures are fTound in North Wales, Ire-
land, Basques, and Negroes, inference is that diffe-
rent races have different mutation rates Waller &
Levine, 1944.)

Mutated hereditary characters are harboured
by everybody in the reoessive state. Such a muta-
tional process, 1iIn itself normal, leads to the con-

cealed accumulation of abnormal genes, and eventual-

ly to "abnormal™ individuals. Only the rare muta-
tion succeeds,. The detrimental ones may or may not
become evident. "The threshold of expression” to

quote Muller (1948) 1is ™"aggravated by inherited
physiological weakness, or deviation. It can be
estimated that with modem treatments, (including
the survival rate of populations,)1/10, to 1/20 of
the population regularly meet what may be designated
as ’genetic death”, from such causes. At least
that iIs the most probable estimate in flies, and.it
is not likely, that in humans the amount is less.
But the great decrease in mortality which has been
achieved in modern times, i1ndicates that a considera-
ble proportion of these deaths are today avoided.
This leads to a consideration of the principles,
whereby a mutant gene accumulates in a population,
and 1t i1s shown, that any iInterference with their
dying out, inevitable leads to such genes becoming.

increasingly/. ...
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Increasingly numerous, as new mutations, continue to
arise In each succeeding generation. In other
words, our compensation for the mutations, by medi-
cal or hygienic means, 1inevitably though gradually,
leads to mutations in their turn compensating for
better conditions of living, so as in the end to
bring the population to a condition where it has at
least as many new i1lls as it had before, but is, be-
sides, maximally engaged in endeavouring constantly
to counteract the original ones,u

1-+: AL MUTATIONS .

The majority of mutant genes has an effect
similar to that of a normal gene, its parent, but
less actively produces physical effects. Sometimes
it may fail to produce an effect at all; therefore
it may be that most lethal genes may show reduced
penetrance, actually weakening the organism if not
killing it, and rendering it more subject to lethal
action by environmental influences. In such oases
the hereditary character of the early death may be
concealed and we may asoribe it to extrinsic factors
alone. If Iin the meantime the individual has re-
produced, the mutation which is permanent, will be
passed down the future generations so that every
small harmful mutation is in its final effeots on
the population just as bad, if not worse, than a

fully lethal mutation.

Muller (1948) calculated, on the basis of iIn-
breeding results in man, that every person on the
average contains in the hetrozygous state at least one
lethal gene, or group of genes which iIn effect act as

a lethal together, of ouch a nature as to kM1l an in-

dividual/ .»..
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dividual who should receive such a gene from both
parents. The genetic death may occur at some period
between birth and maturity, and this calculation
fails to take cognizance of lethals acting at other
periods of life.

Auerbach and Robson (1946), have recently
found that mustard-gas and related substances have
mutational effects. Other workers have found that
some carcinogenic products substances produce muta-
tions too. .Stone and co-worker (1947), have obtained
mutated strains of bacteria from media recently irra-
diated.

Mutations may be reversible, occurring spon-
taneously, or after X-Ray treatment, but the actual

nature of the change occurring within the gene is

unknown . It oertalnly cannot, exoept in a very fTew
cases, be due to loss of gene material; it Is pro-
bably molecular in nature. Particular phenotypical

effects however, may be produced by mutations of dif-
ferent genes.

The study of mutation has been done ohiefly
in Insects and plants, but the importance iIn human
genetics 1is very obvious, especially today in a world
experimenting with radioactivity. Also we must re-
member that certain phenotypical environmental ano-
molies i1n humans might morphologically be indistin-
guishable from mutations. We even see that a parti-
cular disease appears as a dominant in one family and
as a recessive In another family, but in such cases
two different genes are Involved, although in both
there occurs the same embryological prooess of mal-

eLevelopment.
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En passant, relating to the question of evolu-
tion Tee find that most artificially induoed mutations
are harmful, hut not all. “Harmfull is purely a re-
lative term; it applies to environmental conditions
prevailing. Some mutations may be very advantageous
under oortaia conditions, others not so under similar
conditions. We therefore have a basis for the per-
sistence and increase of mutations based on environ-
ment, which allows certain of them to flourish. Many
of these mutations are so slight that they may be dif-
ficult of detection yet their significance may be high
from a point of view of pathological or normal evolu-
tionary processes. We must also not loose sight of
the fact that pathological mutation may be modified
by a suitable combination of other genes.

As we see, mutations are continually arising,
and when they do, they remain stable hereditary units
which are tranemissable unchanged. We also see that
various external forces seem to influence the inci-
dence of mutations. It is noteworthy therefore, that
in the final analysis, environmental factors are seen
to play a part in the production of purely hereditary

characterse

(14) ENDOCRINE FACTORS.

(@) Growth and Development : Intrinsic Genetic Factors,
Although the endocrines Influence greatly growth

and development, yet a definite relationship between

body types and endocrine pattern oannot, except in

pathological cases, be substantiated. (Hoskins 1941).

It would appear that the limits are set for normal con-

stitutional and racial differences in height, bodily

contour/. .».
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contour’, etc., by the genetic constitutions of the
skeleton and tissues, quite apart from the endocrine
system. And yet, giantism, dwarfism, eunuchoid pro-
portions can and do result from endocrine dysfunction.
But an individual, who has a genetic constitution for
the development of large stature, may fTail to achieve
such a stature if his endocrine system is not proper-
ly functioning. Should the individual, however,
possess directly a gene for abnormal height, the en-
docrine system, which is the mediator, may be subject
to aDnormal strain in its wffort to carry out the de-
mands of the abnormal gene. In fact, Bauer (1945),
records the case of a family of giants, one of whom
a eunuchoid, subsequently developed a pituitary tu-
mour, and remaining members exhibited a tendency to
giantism with or without eunuchoidism. He records
the giantism here, as a primary fTamily trend.

Although deprivation of the gonads retards
closure of the epiphyses, all male and female eunu-
choids are not necessarily tall, probably because of
a genetic trend iIn some cases towards small stature
(Varney et al 1942), Allbright (1942) described a
family with small stature and hypogenitalism. He
describes the hypogenitalism as being a concomitant
abnormality, part of a syndrome of .constitutional de-
fects, including in different members of the fally,
pterygium colli, cubitus valgus, aortic coarctation,
cleft palate, strabismus, vertebral "epiphysitisl,
etc., a combination of familial and hereditary defects

Pygmies of Central Africa, exhibit no signs of
endocrine or other pathology, hence their small sta-
ture is due to a constitutionally racial deviation;

yet pituitary dwarfs, or "midgets™, result from fami-

lial/
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Ilal anomalies of the pituitary gland. Achondropla-
sia results mainly from an inborn defect of cartilage
formation. The concomitant hypergenitalism, pre-
cocious puberty or advanced sexuality which sometimes
occurs, may represent secondary adjustments made by 1
the endocrine organs.

Similarly the rate of growth and ageing of an
individual may be genetically predetermined, only to bo
modified by external factors. A child with geoeo for
longevity (l.e. natural resistance of all the organs
to ageing) may yet die at birth from a complicated
labour, or in infancy from enteritis, or in childhood
from a road accident, or iIn adolescence from bulbar
poliomyelitis. Thus it is, that preventive and
sociological medicine increases the expectation of
life, although longevity remains unaffected; This
Increased expectation of life leads to an increase, 1In
the community of older persons, who not only are less
fecund, but are also more subject to certain diseases
prevalent in their older age-group, Just as infants
in their particular age-group are subject to enteritis
or pneumonia. The question of susceptibility to
disease, will be treated later.

Racial and national tendencies are reflected
by average size and build of population groups. Phy-
sical abnormalities suggestive of endocrine dysfunc-
tion are not necessarily so In origin. For example,
certain skeletal disproportions, hair distribution
irregularities, obesity, etc., are merely due to here-
ditary traits.

Physiological function in man appears to be
under the ultimate oontrol of the central nervous sys-
tem acting in balance with the endocrine system, Itr. ..

self/, _,.



self a finely balanced unit, consisting of several
glands. They each balance up action upon the effec-
tor organs. Actual function, and character or re-
activity is therefore a complex intergration based
upon the genetic constitution of the endocrine system,
the central nervous system, the effector organs, and
external stimuli acting upon the various inter-con-
necting pathways, to obtain, so far as is possible,
smooth, equilibrated function. Thus an iInjury to
the Central Nervous System may cause glycosuria in
one case. Pancreatic destruction in another case,
and a constitutional defect of the kidneys in yet ano
ther case, may be responsible for the same symptom.
This state of reaotivity is bound up with the ™"perso-
nality” of the individual, and is already manifest at
birth.

() Sexuality.

In more primitive organisms, we find peculiar
sexual states, i.e. hermaphroditism (having organs of
opposite sex), bi-sexuality (possessing complete set
of reproductive organs of both sexes, iInter-sexuality
(switching from one sex to another), gynandromorphism
(each half of the body of different sex), etc. In
humans, the concept of sexuality iIn.its widest scope
appears to defy adequate definition. It implies
more than the presence of male.or female sex organs
and includes behaviour as well. Every male has a
large number of female characteristics and vice versa.
Mo single one of these characteristics can by itself
be termed masculine or femine. We also have the
apparent anomaly of a woman with female sex organs

and body contour, behaving as a male. Endocrine

mechanisma’/Z* ..
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mechanisms and "personalityl expressions are usually,
hut not always, parallel. The ™"personality" 1is ex-
pressive of an intrinsic genetic factors working to-
gether, .plus the action of extrinsic environmental
factors k

It I1s a remarkable fact, that in the develo-
ping embryo, the adrenals comprise a larger proportion
of body weight than they do in later life. It would
seem that they have a great influence on the develop-
ment of the individual, both sexually and otherwise.
In fact, in many respects the action of this endocrine
resembles that of an organiser, particularly with re-
gard to its effect on the gonads, secondary sexual
characteristics, and in fact "sexuality"™ Itself. The
action of the sex hormones resembles that of evocator
substances. Sexual determination appears to be in
the first Instance dependant on the X, Y chromosomes
whioh set the course for furture development as re-,
gards morphological sexual progress (‘'genetic”™ sex).
But should the endocrine organs get out of hand that
course may be seriously disturbed. On the other
hand, their proper function is the physiological
basis of normal sexual behaviour.

G-reene et al (1S38) have produoed sex inversion
of rat embryos by hormonic stimuli, and all patholo-
gists know of the masculinising effects of adrenal
cortical tumours pouring out increased quantities of
sex hormones.

Sex Hormones: Androgens in female embryos tend to
masculinise producing an intersex condition, whereas
male embryos are unaffected. Oestrogen in large
quentities may have inhibitory effects in embryos of

both sexes, but particularly in the growth of the male

sexual/...
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sexual organs; the _female sex organs however, are
actually stimulated* Warkany, 1947). Witschi (1939)
describes male pseudohermaphroditism iIn certain fami-
lies which he attributes to excessive action of mater-
nal hormones in the male foetus during the critical
stage of Its sex development. On this basis, the
essential anomaly would appear to be really one iIn
the mother whose genetio constitution Is such as to
cause over-prgduction of sex hormones, operative dur-
ing pregnancy. .

(c) Other Endocrine Factors.

Injections of insulin into chick eggs, preg-
nant rabbits etc. have resulted in production of de-
formities (Landauer 1945), while the survival of a
foetus born of a diabetic mother 1iIs subject to some
uncertainty; in fact, without the use of Insulin,
many female diabetics are unable to conceive at all.

There appears to be a higher incidence of
congenital malformations in.the children born of dia-
betic mothers (Murphy 1933). Overweight is another
abnormal tendency.in the children at birth (Lawrence
and Oakley, 1942). This tendency in the child is
associated with visceromegaly and hyperplasia of
eosinophil cells in the anterior pituitary gland; and
in many cases precedes the onset of diabetes mellltus
in the mother by some years (Miller, 1945). There 1is
a considerable body of evidence to implicate the pitui-
tary gland in the aetiology of diabetes, and this opi-
nion Isweighted by the above pituitary findings, plus
the tendency to gigantism. Female diabetics are often
sterile, or if pregnant, have been found to excrete

excessive amounts of gonadotropins (Joslin et al 1940).

Mongolism/, ..
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Mongolism has been ascribed by Benda (1946) to

endocrine factors. He states that, “Mongolism Is the
constitutional type of hypopituitarisml but autopsies

performed by Ingalls (1947) do not corroborate such a

statement.

The present tendency to treat pathological
conditions 1iIn pregnancy with endocrine products may
not be entirely free from danger.. It has been shown,
that the administration of oestrogen to the mother
causes precocious development of the uterus and nip-
ples in female embryos, depending on their stage of
development. Both androgens and oestrogens apart
from specific masculinising or feminising actions, re-
tard in either sex, retrogression of the Wolffian duct
systems, with consequent deformities of the external
genitalia. In rat embryos, under very special con-
ditions, androgens may cause transformation of ovarian
follicles Into seminiferous tubules. (Marx 1942).

The resulting structure resembles an ovotestls, but
oomplete switch-over has not yet been accomplished.

We are really only on the fringe of a oomplex
branch of an extremely complex subject. Sterility
may be caused by an inadequate supply of available
oestrogen to the cervix. Apart from infections, ab-
sence of oestrogen causes inadequate secretion of
cervical mucus ?0 necessary for fertilisation (Barton
& Wiesner 1946). Or a deficiency of hyaluronidase
in male semen consequent on endocrine dysfunction may
lead to a similar result. Such factors may be close-
ly interlinked with environmental conditions, and/or
genetic constitution. The subject is further dealt
with when the effects of environment in relation tp

congenital defects are more fully considered (Chap. I11).
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(15) CYTOPLASMIC INFLUENCE CONTROLLED BY QENEB.

It has been shown that there are some maternal
Influences exerted directly through the female cyto-
plasin, controlled by gene aotlon. This applies in
the case of a certain species of snail®s shells, The
colling of these shells, whether dextral or sinistral,
Is determined by the mother®s genes and not its own
genes. Although dextral Is dominant over sinistral,
eigi where -

L t dextral gene

1 - sinistral gene,
then, any female of genotype LL or LI will produce
dextral offspring - even if mated with LL or 11 males,
and some offspring are 11. That is to say, a homozy-
gous recessive Will still show dominant characteris-
tics based on the fact that the mother carried the
dominant gene L. In some way therefore, the germ
cell cytoplasm is influenced before reduction division,
so that the direction for coiling is determined. "
Apparently the cytoplasm of the maternal germ cell
governs the position of the spindles in division and
hence direction of coiling. Such dextral offspring
will however, produce in their turn sinistral offspring
because the cytoplasm of the germ cells is influenced
by a sinistral gene (Shull 1948),

A similar action appeared to occur in mice,
where breast cancer was apparently predominantly deter-
mined by its presence in mother rats, who handed it
down to the progeny in a kind of unilateral maternal
transmission. However, 1t was found later that the
factor responsible for the production of cancer in the

line of rats, resided in the mother®"s milk. Even un-

related/



related mice feeding on the milk.of a cancerous rat

developed a neoplastic condition.*



CHAPTER 11.

THE RELATION OF ENVIRONMENT
TO CONGENITAL DEFECTS.

(1) FUNCTION AND ITS EFFECT ON STRUCTURAL DEVELOPMENT.

Throughout the organism®s existenoe, there is a
tendency for growth, in form, of an organ to parallel
its growth in function. Hence prematurity, 1in propor-
tion to i1ts degree, handicaps a child In its attempt to
cope with extra-uterine existenoe. In the neonatal
period, hew functions are suddenly imposed upon an in-
dividual, precipitated into a new environment. Hence
this period is accompanied by feverish activity iIn or-
gans which respond physioally to altered physiological
function. The ductus arteriosus and cardiac septa
become non-patent, the liver, bone-marrow, lungs, 1in
fact every organ undergoes changes iIn greater or les-
ser degree according to the extent of demands made
upon it. The kidney, as an example, continues in
its growth, and even in the formation of glomeruli,
for some time after birth.

In the case of the intellect, however, we see
what has been.described as an "embryology of the mind™.
(Gates, 1946). A well authenticated case is des-
cribed i/hich particularly illustrates the importance
of function in development. Zingg (1942), relates
how two native children were resoued from a wolf"s den
in India, where the animals had brought them up. They
both behaved like animals with many animal conditioned
reflexes. They howled like wolves at night, fed on
raw meat, lapped their drink and their mode of progres-
sion was on all fours. . One of the pair, whose age was
assessed at about 8 yrs. was rescued, survived for

several years



and was only at)le to master the art of walking erect
after many months of massage* Running was still
accomplished on all fours. Sent to a children”
orphanage, she gradually acquired human habits, but
could only talk with a limited vocabulary of some
40 words. She could never learn to form sentences.

An important question has been raised in mo-
dern therapeutics. How successful can we be in
changing physiological function, once established?
In recent years, surgical procedures have been intro-
duced, as for example iIn congenital «<«arflLiae diooaoo,
which radically alter the functioning of parts.

Time will provide an Interesting ansi’er.

And again, is emphasised, the importance of
using every member of the body in its proper func-
tional manner, during Infancy and childhood, bearing
in mind of course, the limitations Imposed by any in-
fantile status at that particular stage of develop-
ment. It has been shown that the 1.Q. of children
of professional men is consistently higher, as a
group, than that of children born of lesser “intel-
lectuals™”, dropping lowest in the unskilled labour
group (Haldane, 1938). Allowing for the fact that
1.Q. is not synonymous with basic intelligence, the
influence of a good environment, providing better
functional, economic and social opportunities, seems
very important. And again, once an intellectual
level of function has been established, removal of
one or even both cerebral hemispheres causes surpri-
singly little deterioration of the “mindllL. Neuro-
surgeons are demonstrating this fact today. Krynauw

(1950), has removed for epilepsy, in childhood and

early/

56.



early adulthood, a complete cerebral hemisphere- on
more than one occasion, and beoause the brain was yet
developing, and adaptable to training, mental function
was normal, and not even marked paralysis resulted.
These examples, Just cited, serve to illustrate
how function affects development post-natally, but the
same principle applies in the case of the developing
foetus, though in a more limited way. Many workers
believe that even the amniotio fluid has a physiologi-
cal function apart from acting as a protective water
cushion. The foetus is continually moving inside
his fluid-filled envelope, using his limbs, exerci-
sing his respirator;/ muscles (Barcroft 1947), which
latter process may also.serve some physiological

funotion. (Smith 1945). Interference with foetal func-
tion may affect the development of the foetus.

(2 MECHANICAL FACTORS.

Apart from slowing down the growth momentum,
there may be degeneration of whole parts in the em-
bryo after normal development. Whereas intra-
uterine amputations were originally believed to be
the result of strangulation by amniotio bands, they
are now suspected to originate by means of a differ-
ent mechanism, viz. by the aotion of a vascular ano-
maly causing excessive dilation of blood vessels,
stasis and extravasation with final sloughing of the
part. The associated adhesions would appear to be a
concomitant rather than an aetiological factor
@Browne, 1947).

Although most cases of clubfoot are due to
inheritance (Stern 1950), yet Dennis Browne (1947) has
shown some to be the result of pressure in utero upon

an apparently normally developing foot. He describes

them/



them as "moulding deformitiesT of the osseous system,
resultant on abnormal position, with or without abnor-
mal pressure,as well. Where there has been abnormal
pressure, the prognosis has been worse, because of the
atrophy of muscles and the stiffness of Joints.

Ingalls (1947) described an autopsy performed
by him on a child with Mongolian idiocy. There was
a congenital malformation of the right foot more con-
sistent with an aplastic process, than with a uterine
amputation.

"The right foot consists only of the os calcis
and the talus* The skin is stretched over these
bones, and there are two toenails laterally corres-
ponding to the little toe, and the one next to it,
and a rudimentary toenail a short distance medially".
Such a condition occurring separately and apart from
the concomitant mpngolian stigmata, might have been
considered an intra-uterine amputation.

Very rarely, bands might possibly cause mal-
formations and distortions, which of course may not
be hereditary. (Birch-Jensen, 1949)

Many of these malformations are harmless,
others improve in childhood, or are easily remedia-
ble. The caudal and cephalic ends, including ex-
tremities, 1i.e. parts most vulnerable to pressure
effects, are involved most frequently. Premature
infants also show a larger incidence of abnormali-
ties but in these cases mechanical factors are probab-
Iy minimal and the abnormalities are an expression of
the pathological condition which caused the premature
birth.

Brachygnathia, torticollis, dislocation of the

wrists, elbows, knees and clubfoot, produced mechani-

cally, often Improve spontaneously. At least 50% of

neonates/
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neonates (Browne 1947) show deviation of the mandible
to one or other side with mal-alignment In relation
to the maxilla. Such a deformity is not Infrequent-
ly associated with a posterior dislocation of the knee,
a fact which seems to substantiate the iImpression that
the infant"s head had been pressed against the shoul-
der and fixed by the leg lying against the uterine
wall. Similarly brachygnathia may be caused by pres-
sure of the chin on the ohest. By “foldingn the in-
fant into its most comfortable position, some clue may
be obtained as to the mechanism involved in the mal-
formation. At birth, the iInfant possesses the in-
tra-uterine properties of complete relaxation for a
short time. This ability passes off after about a
week whereupon the Joints or limbs which had previous-
ly been locked in abnormal positions, show stiffness,
immobility and deformity, not previously obvious
(Chappie, 1947). Hence Chappie recommends an ortho-
paedic examination for all infants at about three
months to detect, more especially congenital disloca-
tion of the hip, which at birth is rather a potential,
than a true deformity. Congenital dislocation of the
hip may be of mechanical or genetic origin, though in
the latter case, it is difficult to disentangle the
exact point of fault, Is 1t maternal? (the shape
of the maternal pelvis, or faulty hormonal action,
etc., allowing of faulty foetal position)? or is it
foetal? (exceptional musoular relaxation, laxity of
Joint capsule, etc.) As it is seven times more fre-
quent in females than in males, what is this predilec-

tion due to?
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Coxa vara, knock knee, spondylolisthesis, lordosis,
are not directly or apparently of congenital origin ex-
cept possibly iIn rare Instances. (Chappie, 1947)

Ectopic Pregnancy. Ectopic pregnancies usually come
to an untimely end, but if surviving, may present ab-
normalities postpartum. Ectopically implanted ova at
a very early stage, already show evidence of spina
bifida,encephalocoele, anencephaly, etc. before any
effects are likely to have arisen from spatial distor-
tion, and are better attributed to Impaired.nutrition
in an unsuitable environment (Warkany 1947). However,
in some oases pressure factors must be operative, as
witness areas of skin atrophy, assymetries involving
head and neck, marks of compression and constriction
etc., Winckel (1902) estimated that 50# of children
originating from ectopic pregnanoies present malfor-
mations of the latter nature, 1.e. consistant with
distortion locally, as might be caused by oligohydram-
nios, amniotic bands, distorted amniotic sac, Iirregu-
lar development of containing walls, placental indura-
tion, etc. Many of these malformations Improved
spontaneously after birth.

Asphyxia, Experimental work by various workers

(Romanoff, 1930; Byerly, 1946) on incubating chick
eggs showed that normal embryonic development oould
be disturbed by varying the conoentration of oxygen
and carbon dioxide in the environment. In some
animals, however, anoxia does not appear to be of
great importance as a teratogenic Tfactor. In guinea
pigs, anoxia prior to birth, produced severe oerebral
damage "(G-rureX\rald, 1947a), In man, temporary anoxia

of the older foetus stimulates respiratory movements

(Baroroft/. ...
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(Barcroft, 1947) and may even.be responsible for
aspiration of amnlotio Tfluid.

Apart from direct trauma to the brain, mental
deficiency may also conceivably be caused by anoxia.
Gruenwald (1947) cites a case from the literature
mvhere carbon monoxide poisoning occurred in a preg-
nant woman, who recovered from the effects of the gas.
Her child which was born 13 days after the poisoning,
showed definite signs of cerebral softening at autop-
sy, when death occurred 9 days postnatally.

Temperature According to Gruenwald (1947) tempera-
ture has not been (bmonstrated in man to have any
teratogenic effeots, although In animal experiments
temperature has been shown to cause various structu-

ral defects on the embryo.

(3 ACTINIC FACTORS.

(@ Experimental Observations.

A very reliable method of inducing a high In-
cidence of malformations is by the use of radium or
Roentgen rays. Experimentally this method has proved
of great value iIn the elucidation of mutation rates.
It was found that X-radiation retarded the first
cleavage of the fertilised ovum, but the highest iIn-
cidence of severe abnormalities is produoed during
gastrulatlon. At a later stage, the vascular and
central nervous systems and eyes aro affected, pro-
bably because of their rapid development during this
period. In faot, sensitivity of cells to radiation
is found to be indirectly proportionate to their
differentiation, and gLlrectly proportionate to thoir

reproductive capacity. Foetal death, embryonic
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resorption, and a vast range of abnormalities inclu-
ding hydroftophalus, ocular defects, sterility, incom-
pletely developed organs and limbs, have appeared in
tho progeny of pregnant female rats depending on the
stage of embryonic development at which irradiation
was performed.

G-oldstein and Murphy (1929) found that 37#
of 75 children bom after post conoeption radium or
Roentgen Irradiation of the maternal pelvis manifes-
ted mental or physical abnormalities attributable to
th<? irradiation, while the remainder developed normal-
ly. The effects were more common where Irradiation

occurred during early embryonic life. There oven
appears to be a suspicion that the irradiation of
organs other than the maternal pelvis may possibly
cause.congenital anomolies in the offspring. (Faober,
1933).

Another significant faot was discovered by
Snell (1941). He 1irradiated male mice, who, before
becoming temporarily sterile, sired unusually small
litters of normal young which were crossed with nor-
mal mioe. One third of the resulting progeny also
sired, small litters. The litters appeared to be
small because intrauterine death occurs in deformed
embryos of the litter but only in the second genera-
tion after exposure to X-rays. The mechanism 1is
supposed to be that of reciprocal chromosmal translo-
Oation, that is, exchange of parts by non-homologus
chromosomes.

Today, as a result of the atomic bombardment
of Hiroshima and Nagasaki, the inadvertant exposure

of workmen in atomic plants, and actual controlled
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experiments, data are gradually accumulating which
will shed more light on genetio processes. The
emission of very penetrating neutrons and gamma rays,
has not only immediate effects of human reproduction
causing sterility; hut mutational and chromosomal
effects in future generations are to he expected.
(van Rooyen, 1946).

"Atomic Ffission is going to add to the sum of
future illsY says Muller (1948). "It can readily he
estimated that each homh falling on highly populous
areas would prohahly kill many more people scattered
through future generations, than.those killed in the
generation immediately affected™1.

The effect of X-Ray is usually considered to
he exerted directly upon the product of conception,

a. fact demonstrable, experimentally. However, no
radiation can reach the conoeptus without first affect-
ing, the iIntervening tissues, e.g. uterus, plaoenta,
etc. The possihility definitely exists that the
metaholism of the surrounding tissues is so disturbed
by radiation as to affect the development of the em-
bryo. (Gillman et al, 1948). This metaholio distur-
bance may he iIn the nature of protein changes, the
formation of macromolecules, which the conoeptus is
obliged to metabolise or to utilise as building materi-
al for its protoplasmic proliferation. This idea iIn-
troduces another factor into the explanation of defects
caused by actinic agents, and the more factors intro-
duced. (some as yet unknown), will eventually eluci-
date the problem as to why some, but not all, offspring
of irradiated mothers are abnormal.® Perhaps the fac-

tor of genetic constitution is involved as well.
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It is Important for men exposed to relatively
heavy doses of radiation to refrain entirely from re-
production for some two months after exposure, on
account of the added danger of chromosome breaks in the
mature spermatozoa* Such chromosomal translocations
may predispose to abortion in the embryo. In commer-
cial use, X-Ray machines commonly used in shoe shops
on the feet of customers and little girls, are not
free from danger to the gonads by irradiation,
Radio-aotive Isotopes also, will have to be used with

great oare in future Muller, 1948).

() Direct cellular effects.

Apart from molecular or other mutational chan-
ges in the gene itself, radiation may cause structural
damages to the chromosomes, A small fragment of
chromosome may be lost and extruded from the nucleus;
or a pieoe broken off and Joined again upside down
(inversion); a piece of chromosome may Join the other
member of a reciprocal pair, (duplication), or a piece
of ohromosome Joins the chromosome of another homolo-
gous pair (translocation), a whole chromosome may be
lost in one cell, and gained by another (heteroploldy);
the whole chromosome becomes multiplied (polypoidy).
Such effects have been known to occur spontaneously 1in
plants and aniipals, or more often after exposure to
actinic energy. They almost oertainly ocour iIn man
under similar conditions,

A “goodl mutant, especially if dominant, is
selected out naturally and encouraged to remain; bad
dominants are eliminated soon, unless they manifest
themselves after reproduction has taken place. The

foetal malformations resulting from Irradiation of the
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maternal pelvis however, cannot he attributed to mu-
tations iIn zygotic germ oells, beoause fusion of normal
gametes had already occurred, and the individual is
being iIntegrated. The effect can only be exerted in
some dlreotly destructive, or indireotly metabolio
way* In some oases, the destructive effeots on the
somatic tissues may induce somatic mutations, as Iis
possibly reflected by the increased Inoidenoe of leu-
kaemia and oaroinoma amongst radiologists (Metropoli-
tan Life Insurance, 1948),

There 1is no safe radiation dose for the gonads.
The frequency of mutation is direotly proportional to
the total dose of radiation, being quite Independant
of wavelength. The White House Conference report
(Vol.1(b)), states that preconception radiation of_the
female pelvis iIn non-sterilising doses is harmless,
However, there is no threshold doso (Muller, 1948) and
the effeots are.cumulative over an Indefinite period
throughout life. It has been estimated that a total
accumulated dose of approximately 36r to gametes, or
about 100 r to the gonads, will double the natural
mutation rate, (Crewe 1947), and as most mutations
will be recessive, they will remain unknown for hun-

dreds of years.

(49 NUTRITIONAL FACTORS.

Disturbances of the embryols nutrition may
result in any effect ranging from death to retarded
development* Disturbances of nutrition are not

only oaused by a shortage of dietary essentials
se but also, by faulty implantation of the zygote,
placental diseases, faulty umbilical oiroulation and

various maternal, sometimes footal diseases involving
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transmission of toxic products. Infections, for
example, rubella, actinic faotors may also act by
affeotlng early on, the blood supoly.or other tissues
regulating the nutrition of the part. Sterility may
be caused by general starvation (Warkany, 1947);
post-conoeption starvation may lead to abortion or
resorption of the embryo in the early stages of preg-
nancy . Later it may oause still-births or under-
weight offspring. Congenital anomalies may be caused
by complete lack of a single dietary essential even
though the caloric intake be adequate and the indivi-
dual does not appear to be starved. Furthermore,
the presence of a deficiency disease iIn a newborn in-
fant almost invariably means that the mother herself
iIs suffering from that disease, excepting in Oases of
neonatal iron deficiency (Parsons, 1946).
Deficiency of iodine. Stillbirths and congenital
anomalies may occur as the result of iodine defici-
ency during pregnancy. Endemic.cretinism oocurs in
areas where iodine is deficient, e.g- iIn the Alps,
Pyrenees, Jauoasus, Carpathians,.Himalayan districts,
and other areas not at the coast. Most, though not
all, endemic cretins have goitres, exhibiting low
mentality associated with relatively normal physical
and sexual development. The endemic cretins without
goitres, tend to reach a higher level of mental de-
velopment but are retarded physically and sexually.
Even if the disease should become apparent in later
childhood, the defect is actually congenital, having
been predetermined iIn utcro-

In fact the thyroid is the most precoolous of.

the endoorlne glands in its embryological development.
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Various oentral nervous system deformities have also
been recognised; internal hydrooephalus, braohycepha-
ly, histological changes in cerebrum and cerebellum
prognathism, dental defects, etc. Occasionally
there 1is spastic diplegia or quadriplegia with stra-
bismus, ocular defects and deafness. The mental con-
dition varies from slight retardation, (perhaps un-
recognised as being due to cretinism), to oomplete
idiocy, and will not respond to post-natal medication
with 1odine or thyroid, (Benda, 1946).

The children of female oretins may be normal
or cretinous, although iodine treatment during preg-
nanoy increases the chance of normal progeny.

Vitamin Deficiencies. Apart fromoaUSing sterility,
abortions, stillbirths, and other anomalies, congeni-
tal blindness due to xerophthalmia or optic nerve
constriction may occur.in the offspring of animals
deficient in tltamin A. (Moore et al, 1935) . Other
oye anomalies, e.g. microphthalmia and anophthalmia,
as well as accessory ears, hare-lip, cleft palate,
eotopio kidneys, and suboutaneous cysts were found in
the offspring of sows.suffering from vitamin A defi-
ciency. (Halo, 1937). One of the functions of
colostrum would appear to be the provision of Vitamin
A for the newborn, (Parsons, 1946).

It was found that female rats on a riboflavine
deficient diet, became themselves physically retarded,
or produced young with a.great variety of skeletal and
other anatomical defects. Buoh anomalies were pre-
ventable by administration of liver before a certain
stage of pregnancy. This indicated that deformities
appeared only during a certain oritloal period when

riboflavine (a tissue enzymo) 1is required in considera-
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bio amounts. In other experiments where multiple
dietary deficiencies occurred, the addition of rlbo-
flavino actually accentuated the deformities.
(Warkany, 1947).

Vitamin D causes congenital rickets 1In new
born infants (Maxwell et al, 1939) and this result,
has been supported by experimental work in animals.
Mellanby and Ooumalos (1946) investigated comparable
groups of children C years old, attending London
dounty Council Schools, in 1929, 1934 and 1955 re-
spectively. They found that each group from 1929
onwards showed progressively better dental health,
which was attributed to increased calcium and phos-
phorus intake in the dietary of pregnant women and
young children since 1929. The incidence of rickets
in general, is failing in Britain. (See report of
British Paediatrlo Association, 1943),

Smith (1947) analysed the physical condition
of neonates from mothers exposed to conditions of
general under-nutrition in Rotterdam.and the Hague
during the unhappy winter of 1944-45. He found that
the weight and lengths of newborn children declined,
reflecting the nutritional state of the mother during
the last 3 months of pregnancy. In this trimester
or “period of foetal growthl (Warkany) , the foetus
lays down two-ttiirds of its calcium phosphate, three-
quarters of its protein, four-fifths of i1ts iron, and
gains over an ounce a day in the last four weeks of
pregnanoy. Considerable gquantities of minerals,
hormones, vitamins, even immune antibodies, are stored
for use in early post-natal existence. Henoe prema-
ture birth, multiple pregnancy, or maternal malnourish-

ment, severely handicaps an iInfant by cutting into its
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reserves. This is reflected by an increased
neonatal mortality rate for suoh “immaturel chil-
dren, and ill results may manifest at any period

from birth, right up to oven adult life. The above
facts provide a stimulus for the already growing
consciousness in regard to anto-natal and social pae-
diatrics. Contemporaneous x*Mth the raised economic
status of the lower social classes, we find a de-.
creased mortality rate for their iImmature infants.

A deficiency of copper in owes may oauso neurologloal
disturbances.in offspring resembling Schilder®s di-

sease in man. Warkany, 1947).

() CHEMICAL FACTORS.

C.R. Stockhard (1931), omphasises that a par-
ticular oongenltal abnormality could bo caused by the
action of several different chemical agents. In
suoh cases, the organs developing at the greatest
rate during exposure to the iInjurious agent, seem to
be the most vulnerable, probably because organiser
action 1is interferred with. Injuries to primary
organisers are likely to cause more serious malforma-
tions than injury to secondary or tertiary organisers

There are some substanoes which simulate in
their action upon tissues, organiser aotivity.
(Needham, 1942). Later work seems to indicate the
influence of hyaluronic acid and pteroio compounds.
It is possible that some evocator action is related
to the cause of tumor growths.

Weller (1917) had demonstrated that male
guinea pigs exposed to lead, sired weak and under-
veloped young with a high neonatal mortality. Can-

tarow & Trumpar (1944), give fTigures which show an
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unusually largo proportion of stillbirths oocurring
In the ohlldren of fathers exposed to lead. In 9,58
of oases of congenital oardlao disease with adequate
records, the father"s occupation Involved exposure to
lead, as iIn.the case of painters, or workers 1in bat-
tery plants. This evidence is suggestive but not
conclusive and requires considerably more research.

In these days, when antlbiotlos are adminis-
tered so fully in so many diverse conditions, and al-
so during pregnancy, the question arises as to whether
these chemicals affect the embryo in a detrimental way.
Speart (1940), tested sulphonamldes in rats, He tes-
ted concentrations higher than that employed in thera-
py, but the concentrations were equal in the maternal
and foetal blood, Prolonged administration increased
the mortality before and after birth, the birth weight
was diminished and post-natal growth was retarded.
Penicillin was found to have no effect on the embryo

(Greene and Hobby, 1944.)

(6) METABOLIC FACTORS.

Gillman and co-workers (1948), have produced
congenital anomalies iIn rats, by injecting the mother
rats with trypan blue, a substance which has a bind-
ing effect on plasma-proteins. The dye could be
demonstrated in the yolk-sac, but not the tissues of
the malformed offspring, thus suggesting that its
teratogeneous aotion occurs by virtue of altered
metabolism in tjhich the amniotic fluid is implicated.
However, the possibility exists that the dye does get
carried into the foetus, but is changed into an un-
recognisable form. Further investigations along
these lines are being eagerly awaited. .

Landtman/....
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Landtman (1948), found that 42,5# of mothers

whc gave birth to deformed children._suffered from some
morbid condition in early pregnancy. More than half
of these morbid conditions were not acute infections.

In the control series of women with normal infants,
only 14_.5# had some morbid condition during early preg-
nancy. This evidence appears to indicate that mater-
nal disease may affect the foetus through some dis-
turbance of the metabolic processes.

Foetal thyroid or iodine deficiency produces
congenital oretinism, but the mental development of
individuals with congenital hypothyroidism often falls
to respond adequately to thyroid administration. Bruch
and MoCune (1944) suggest that brain damage may be an
associated.lesion and not a consequence of thyroid
deficiency.

Mention has already been made of the tendency
for a high incidence of congenitally deformed children
to be.born in the case of diabetic mothers (Murphy,
1947). Barns (1941), Skipper (1933), and Hurwitz &
Irving (1937) produce evidence to oonfirm this.

In diabetes, the metabolic disturbance and the
insulin deficiency of the mother as we understand it,
does not cause the visceromegaly in the foetus, be-
cause foetal and neonatal mortality are increased dur-
ing a five year period preceding the onset of maternal
diabetes, Willer et al, 1944), There are therefore
early changes occurring at a metabolic level, remain-
ing undetected until relatively late. In fact, there
iIs also evidence of raised stillbirth rates amongst
those who subsequenEly develop the disease, (Gilbert

and Dunlop, 1948).
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Recent observations have also shown a high
ooincidenoe of oongenltal malformations in children
with erythroblastosis (Weber & Soholtz, 1939; Wiener
1947). Javert (1942) described a series of forty-
seven infants with erythroblastosis of xfhon ten shoxired
oongenltal malformations. Maternal Rh iso-immunisa-
tlon, when producing defeotSj tends to involve the central
nervous system iIn a characteristic x'ay, which may be
recognisable clinically. Miller (1950) describes the
pioture as follows;
(1) Severe mental deficiency; (i1) asymmetric hyper-
tonicity and weakness of extremities, neok and back,
and (ii1) ohoreo-athetosls. For correot diagnosis,
a neonatal history of erythroblastosis foetalis is
usually obtained as well as an appropriate Rh set-up
in mother and child. There may even be anti-Rh anti-
bodies iIn the.mother®s blood many years after the mor-
bid pregnancy, Miller also describes a less common
picture of mental deficiency associated with genera-
lised hypotonicity and Inco-ordination. It is pos-
sible too, that lesser degrees of mental defioienoy
unassociated with neurological abnormalities may be a
consequence of maternal Rh iso-immunisation. Yannet
and Lieberman (1948) have published Xdork x*hich indicates
a possible connection between certain oases of mental
deficiency and maternal ABO immunisation. Although
these oatastrophes of maternal iso-immunisation are
described here under the heading of metabolic factors,
it appears however, that several other faotors are also

involved,

(™ INFECTIOUS FACTORS,

It has been remarked upon, that in spite of the
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common lay opinion that external factors iIn pregnant
women may cause abnormalities in the child, it was not
until 1941, that Gregg recognised the relationship be-
tween rubella incurred during early pregnanoy and foe-
tal abnormality. (Gregg 1941). Syphilis during.preg-
nancy had long been known to cause foetal disease.
Wesselhoeft (1947") states that "following rubella,
the mother may recover, may be delivered of a prema-
ture stillborn child with deformities, may be deli-
vered of a living child with serious congenital defor-
mities, or may go to term and give birth toa perfectly
normal child™.

Toxoplasmosis 1In reoent years has been known
to cause microcephaly in the child of an affected .
mother. (Levin and Moore 1942; Oowan et al, 1942).
Other manifestations may ocour, namely, hydrocephalus,
microphthalmia, persistent pupillary membrane and
chorio-retinitis. These malformations are not so much
the result of arrested development during organogenesis
essentially, as the effect of.foetal disease during the
growth period (Warkany, 1947). Apparently the infec-
tive agent attacks the foetus via the plaoenta rela-
tively late in foetal life, because there is an ab-
sence of major developmental defects. In this respect
there is a similarity to syphilis, and also in the fact
that the mother herself shows no sign of the disease
except for positive neutralisation skin tests. Pro-
bably in her, the infection is latent. There may be
extrinsic factors operative which determine the mother”s
passing on infection to the child, because healthy
children may be born before and after the affeoted

child. Familial cases also occur.
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Parental tuberculosis may possibly be related
to the production of congenital defects In the off-
spring (Murphy, 1947; Landtman, 1948). Virus In-
fections such as mumps, varioella, morbllli, influ-
enza, oommon colds, poliomyelitis, If occurring dur—
Ing the Tfirst trimester of pregnancy, may possibly In-
fluence, the incidence of congenital disease In the
newborn. However, the subject is dealt with at

greater length, iIn the second part of this work.



75.

CHAPTER .
CONGENITAL AND HEREDITARY DISEASES.

Though Iwe do not usually regard it as such,
the potentiality for disease transmitted from parent
to offspring genetically, Is really congenital. In
these oases the genetic constitution Is such at birth,
that i1t may only require the passage of time, or suit-
able external factors to bring about the expression of
a particular disease. Where actual expression occurs
at birth, we use, as we have seen, the term, ‘“congeni-
tal™. Thus, hereditary diseases, may be defined as
diseases manifesting themselves in an individual as a
result of his genetic constitution, 1In an environment
suitable for the expression of the disease. On this
basis, a hereditary disease may be congenital and fami-
lial as well, but not necessarily so. A particular
"character™ may express itself in one particular way,
in one particular member of a sibship, and in another
fashion in other slbs, because the same gene is acting
in a different "set-up™. For example, allergy, may
be familial, but only one member may express it as
dermatitis (hereditary), several other members exhibi-
ting the allergic tendency in the form of asthma (fami-
lial) , or a condition may arise iIn a person as a muta-
tion for the first time, so.that there is no familial
history of such a condition. The condition, however,
is still hereditary, if it can be shown to result from
intrinsic genetic constitution, or be transmissible to
future generations iIn one way or another; and there-
in lies the rub. Many hereditary conditions, are to-

day, not recognisable as suoh, due to mutations, re-
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cessivity, variations in penetrance, pleiotropism,
modification, etc.

"Because a gene for a given ailment is heredi-
tary, i1t does not mean that.lt cannot be improved,
avoided or cured completely. Such a correction of
abnormal character can be regardedjf says Muller, (1948)
"as one of the major functions of physicians, agricul-
turists, and in fact civilisation itself. By recti-
fication, ye have iIn effect changed an undesirable
gene into one less undesirable, although that gene
will still continue ®&? be subject to the same laws of
inheritance as before. But in making it a less de-
trimental gene, we automatically lessen the rate of
its elimination, thus encouraging iIts presence in the
general population. Hereditary ills are unlike other
diseases because in lcuring* one today, we .are creat-
ing another caBe of the same kind tomorrow. This
conception is exercising the minds of the eugenicists
to no small degree. *G-enome® or genetlo death iIn a
future descendant as a result of that individual®s in-
herited constitution, 1is a term coined by them. ™

Penrose (1950) draws attention to the fact that
many cases of inborn methaemoglobinaemia and de Toni-
Fanconi syndrome may be successfully treated by methylene
blue and vitamin D respectively. However, this success-
ful treatment in.no way minimises the hereditary nature

of these defects.

It must also be emphasized that although the
term congenital as applied to a morbid condition im-
plies recognition of that condition at birth, the re-
sponsible aetiological factors may be genetical and/or.

environmental/. ...



environmental, but too often defy detection.
A more detailed analysis of the term 'congenital

is given in Part Il of this work.



CHAPTER IV.
FAMILIAL DISEASE.

The term "familiall applied to disease, merely
indicates, that an abnormal variation ocours repeatedly
in a family or sibship. Suoh a.variation is not neces-
sarily genetically determined, e.g., familial toxoplas-
mosis, (infection in several members of a family due to
the prevalence of infecting organisms iIn a particular
locality); silioosis in members of a family who are all
employed iIn mining’, cretinism, due to absence of iodine
in diet, etc. Threadworms may affect several sibs li-
ving under the same roof, as will measles, whooping-
cough, and the exanthemata. Such conditions are real-
ly community diseases. Bad economic conditions 1in a
particular family may even lead its members to partici-
pate in crime. The opinion is therefore here held,
that family conditions based on genetic constitution,
should be called heredo-familial, to indicate their
true nature. A lesion occurring in a member of a
family apparently for the first time, may on more de-
tailed examination prove to be present in other mem-
bers, though in a lesser or somewhat modified form,
more easily missed. Thus a. human pedigree should
be very closely Investigated. As will be seen, be-
low-, congenital syphilis, nay be both familial and
congenital, but is not hereditary. We have mentioned
toxoplasmosis as causing familial deformities 1in chil-
dren born of apparently healthy mothers, yet no gene-
tic factor is involved.

Even in the case of rheumatic fever there Iis

often to be discerned a familial element. Griffith
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et al (1948) studied over 3,000 patients with rheuma-

tic fever and three control groups (1,397 Individuals).
The authors found that the occurrence of rheumatic fe-
ver in the family increased the risk of the individual
developing the disease while in contact with the family,
but not after separation from it. There does not
therefore appear to be a strong, inherited susceptibi-
lity. The occurrence of multiple cases in families
could)be explained.either on the basis of oontaglon or
common environment. These authors regard the data as
indicating the dominant role.of contagion in the de-
velopment of rheumatic fever.

Thus, we see that an investigation should
search out even details, which at first sight appear
to be irrelevant, but which may later turn out to have
a possible bearing on the main Icharacter™ under in-
vestigation. Descriptions must be full and lucid,
accompanied by drawings, photographs and genealogical
tables. In the pedigree, individuals unable to be
seen personally, should be indicated, and the source
of the information supplied in order to asseoo its
true value. Ages must be clearly stated, because
some members of a family may die before manifesting
any hereditary defeot. Illegitimate children, abor-
tions, stillbirth?, aex, consanguinity, even remote,
must all be shown. All normal members of the family,
with their respective ages, and sex must be included,
together with individuals marrying into the family.

In doubtful cases, the pedigree of the latter should
also be iInvestigated.

With the present day trend in lowering of

general mortality rate, even little ailments tend to

become/«...



8C

become familial and.eventually to be found In the
population at large. Although an anomaly may ocour
in a family during one generation and never before or
after, genetic transmission is not ruled out.

The albino Infant in the vast majority of
cases will have normal, non-albino parents and all
his earlier ancestors and relatives will probably be
normally pigmented. Only among the sibs may there
be one or more additional albinos. A genetio analy-r
sis indicates that recessive inheritance is involved.
An albino results where two parents eaoh contributed
an abnormal gene for the defect. The parents them-
selves are normal appearing since they each carry one
dominant normal gene and one recessive gene for al-
binism. Half of the parents 1 germ cells oontain the
albino, and the other half the normal gene. There-
fore, there is 1 chance in 4 that an egg with the al-
bino gene and a sperm with the same constitution will
meet to produce an albino child. Hence any further
conceptions of the parents of an albino again have one
quarter ohance of producing albinos, and a three
quarter chance of producing normal children. The
prospects for future offspring of the albino, are
paradoxically more favourable than for offspring of
his non-albino parents when the albino marries, the
mate w:11 most likely be a normal person, genetioally
free from albinism. Thus all their children will re-
ceive a normal gene from the normal parent, in addi- -
tion to carrying the albino gene from the albino parent.
They "mill therefore appear normal like their albinism-
ca“crying grandparents. Usually therefore, albinism

occurs "'sporadically” or Mfamiliarly"™ in one genera-

tion and not for generations before or after (Stern 1950)*

Lethal multiple telangiectasia may behave on similar
lines.
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PART .

RUBELLA.

CHAPTER 1 ¢
HISTORY .

The disease which wo know today as rubella
was Tfirst described by the German physician, de.Bergen,
in 1752, and Orlow in 1758 (Wesselhoeft, 1947a).
Because of its original association with German inves-
tigators, it oame to be called "Rotheln™ in England
and _America. The first epidemic of what must have
been rubella was reoorded by Jahn in 1807, and the
clinical features were set.out by Wagner in 1834
(Harries and Mitman, 1947). In 1856 Henry Veale in-
troduced the preferable term rubella. Much confu-
sion has arisen iIn the past, as it was originally con-
fused with soarlet fever and ordinary measles. The
latter disease eventually oame to be called “rubeola”,
or "morbllli™.

Rubella as a disease was described in America
in 1845, but even after that, all over the medical
world doubts were expressed as to its position 1in
Medicine as a separate entity.

The Ildentity of rubella was established at
the International Congress of Medicine in London, 1881,
(Michael, 1908). Filatov i1n 1885 and Dukes 1in 1900
stated that tiro diseases were described under the name
of rubella (Michael 1908). Filatov called the one
type of rash, rubella scarlatiniforme, and believed
It to be distinct from rubella. Dukes called this

same type "Fourth Disease', but today it is fairly

generally/c t,
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generally accepted that all are clinical variations
of rubella. Forchheimer described the spots named
after him, In 1898. This was round about the time
that Koplik described those particular spots, which
today are known to be pathognomonic of ordinary meas-
les, To this day, in consultations of foreign li-
terature, confusion may arise as regards terminolo-
ay- In Sweden, G-erman measles 1is called Rubella,

in Spain it"s called Rubeola, in France it is called
Rubéoli,.and in Austria,.it is called Rotheln, rr
Rubeolae. In Holland, the name given to this exan-
them is Roode Hond, but Afrikaans-speaking Sou.th
Africans occasionally use the term "Rcoihond"™ to
designate scarlet fever. Until 1941 there was never
any relationship suspected to exist between rubella
and foetal malformations. Gregg, (1941) an ophthal-
mologist working in Australia, was impressed by the
increased incidence, and peculiar morphology, of con-
genital cataracts seen by him in children. By cal-
culating backwards from their ages, he came to the
conclusion that these ocular defects originated dur-.
ing a severe outbreak of German measles iIn Australia.
Soon afterwards, much evidence began to accumulate
from various sources that, indeed, these eye defects
did occur in children whose.mothers had had rubella
during the gestation period. The government subsi-
dised investigation into the matter, and much pains-
taking work was done by Doctors Swan, Tostevan and
Black (1943, 1944, 1944a, 1946), not to mention many
others. The results cf their labours disclosed that
many other congenital defects were also related to

the epidemic of German measles.

The/ . ...
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The rubella epidemic in Australia was at its

maximum during July and August of 1940. This period
was one of great military activity, mobilisation and
crowding of population. An epidemic of sore throats
occurred about the same time, and was believed to
have originated from military camps before spreading
amongst civilians. The Australian investigators
retrospectively investigated these epidemios to esta-
blish the identity of German measles, and differen-
tiate i1t from any other possible condition. The
question of scarlet fever with an atypioal rash, mis-
diagnosed as rubella was given consideration. Forty-
nine such oases were Investigated iIn 1943, (Swan et
al) and of course, difficulties were met with in ob-
taining satisfactory histories. Some mothers of
congenitally defective children appeared to be more
intelligent, and more observant than others, where-
as the history of a few was i1ncomplete. Out of

35 oases recorded, 26 were primipara, suggesting

that younger people were more susceptible. Prior

to 1940, there had been no rubella epidemics, so

that the epidemic flourished In a non-immune popu-
lation. The Ildentity of the maternal infection
which caused cataracts and other deformities in the
ohild, was definitely established to be rubella and
since then, confirmation of the teratogenous effects
of this mild exanthem has come from different sour-
ces all over the world. (England, Clayton-Jones,
1947; America, Miller, 1950; Denmark, Mogens
Bardram et alter, 1947; Scandinavia, Gronvall &

Selander> 1948; Switzerland, Franeschetti, 1947;

France,/....
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France, Gerard-Lefebvre & Merlen, 1948; Mexico,
Alarcon, 1949. In South Afrloa, the associa®"“on
between rubella and congenital malformations many

times.has been seen by the present writer and his

colleagues.



CHAPTER I1I.
AETIOLOGY.

The nature of the Rubella virus
and similar agents.

Burnot (1945) ooncludes from the evidence
available, that in prehistoric times, from the be-
ginning of the Pleistocene period to about 10,000
years ago, practically no specific.infectious disease
flourished among the human species. The limited com-
munities and lack of gregariousness peculiar to Man-
kind at the time, did not provide.conditions suitable
for the spread of micro-organisms. Obviously, small
bands of human beings would either become completely
immunised by infection, or extirpated. Under both
sets of ciroumstances, the disease could not spread
further and would itself become extinct.

When agricultural communities started to grow
in size, conditions beoame more suited for parasitic,
bacterial and virus spread, amongst human beings.
Presumably, viruses which had originally flourished,
amongst birds and mammals and other gregarious crea-
tures, became adapted to live with man. Mutation
and natural selection were, probably the processes
involved. Yellow fever and typhus appear to have
become standardised infections within the historic
poriod, and psittacosis, today, appears to bo in iIm-
minent danger of becoming specifically adapted to
human beings, with spread from person to person, al-
though the specificity, at present, 1is predominantly
avian.

The origin of viruses in general, and rubella

in particular, 1is obscured in the nebula of tho bio-
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logical oosmosphere. These particles vary In size
from 10 mlllemlcrons to 300 millemicrons, and In case
of rubella, approximate no doubt, the lower figure.
Like most viruses, the rubella agent Is probably that
of a nucleoproteln predominantly, and represents a
very low form of life. It does not however, arise
de ncvcj but from parent forms which reproduce under
special clrcum$tances. How the Tirst viruses arose
iIs conjectural. According to some, it arose as a
more or less complex nucleoproteln in a cell, which
became detached to lead, a semi-independent exis-
tence, In faot;some biologists deny that the term,
*livingI fits the description of the lower viruses,
and indeed, it is difficult to define what is meant
by a "living organism™.

Broadly speaking, a living organism has the
property of synthesing from other elements, a replica
of itself. A "gene"™ would also fit such a descrip-
tion, and in point of fact, viruses have been likened
to genes, which have become detached from the genetlo
apparatus within the oell, to live a more or less in-
dependant existence, while yet deriving sustenance
from \irlthin the living cell. (Shull, 1948). It
has evolved its own character without being closely
controlled by interacting forces exerted by other
genes. This theory is not very probable, beoause
on every hand we see infectious agents suoh as vac-
cinia and psittacosis becoming adapted to symbiotic
existence iIn human cells, while they themselves have
not originated from cells of vertebrates. Crystals
in a solution, have the property of growing and re-

producing themselves, and yet are not regarded as

living/e-._,
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living organisms. On the other hand the tobacco
mosaic virus, obtained in the crystalline form, yet
exerts its full pathogenic and virus effect.

Another theory of viruB origin, also tenuous,
iIs that they are the evolutionary descendants of
primitive preoellular forms of life, which became a
adapted under changing environmental conditions, to
a symbiotic life, parelleling evolution of higher
forms.

The most probable explanation, however, for
virus origin is that they have degenerated into.their
present forms from other larger micro-organisms.

Glaser (1930) presents evidence to show that
the rickettsias have probably evolved from bacterial
symbionts in different arthropoda. Apparently mu-
tational forms have been selected, which depend for
existence on the presence of enzymes found in living
cells. The rickettsla, in fact, is a "link” between
bacteria and.viruses, and a scale of various grada-
tions exists. In onafika*at (a protozoon) , and in
spircchae ta recurrenti s, degenerative processes and
forms are recognisable (Burnet 1945), Suoh regres-
sions are likely to occur if some enzymes aro not .
supplied, as.in the case of Neurospora (Beadle and
Tatum, 1941). Roentgen Irradiation of this mould,
produces upwards of 200 mutational degenerates, many
of which require, for their continued existence, the
addition of different amino-acids to the nutrient
medium (Burnet, 1945); the original _.form is however,
aHo to synthesise these amino-acids, By some simi-
lar process, we can conceive of certain organisms
becoming dependant on certain enzymes available sole-

ly in the living cells of a particular species. Suoh

an oraanism/_



an organism then "becomes a specific symbiont or patho-
gem

Amongst the lower organisms, with their exces-
sively rapid reproduction rate, spontaneous mutations
must be constantly occurring, and natural celection,
In a great degree determines the final form of the
organism. Chance, or accident, also plays no incon-
siderable part, as regards the types of mutation, the
suitability of the host, the mode of existence, etc.
For survival, too, there must be operative a process
for transferring the organisms from one host to ano-
ther. In rubella, spread apparently occurs from
the respiratory tract to the outside of the body,
but intimate details and iIntermediate stages are not
understood as yet. In other virus infections (e.g.
poliomyelitis) this part is even more mystifying.

During the course of its history, the virus
has probably changed its host several times, itself
been modified countless times, and its pathogenicity
expressed in altered ways. Apart from the biologi-
cal diotates of survival and multiplication, there
appears to bo no reason for its continued existence,
and in many cases, pathogenicity Is a mere accident
occasioned by increased susceptibility on the part
of the host, .or increased "virulence"™ on the part of
the organism, as Burnet points out.

That the degree of modification from the ori-
ginal virus strain to the present strain of rubella
must be considerable, 1is borne out by the fact that
rubella is not transferable to any other animal

except, with difficulty, to a rhesus monkey.
Habel/ . ...
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(Habel, 1942), Among mnnkeys, there is no spread
from orte individual to another, so our premise must
bo, that the rubella virus, though derived from ano-
ther species of micro-organism, or virus, has by now
lost its pathogenieity for the original host.

Mutational changes and chromosomal alterations,
such as inversions, etc., have been studied in higher
cellular elements, and are the result of bissexual
reproduction. Though some of the viruses, e.g.
vaocinia exhibit evidence of internal structure, other
virus particles including probably, the rubella agent,
are devoid of cellular structure and certainly no
chromosomal apparatus is visible, not even in.the case
of bacteria, which are more easily visualised. Yet
these variations occurring in suoh primitive organisms,
must be based on some kind of genetic process. Vari-
ants breed true! attenuated or virulent strains re-
tain their character. Huxley (1942) says that,

“the entire (bacterial) organism appears to function
both as soma and germ-plasm, and evolution must be

a matter of alteration iIn the reaction system as a
wholell, probably in the nature of a change in chemi-
cal equilibrium.

Q-enes, 1n the final analysis, are probably
moleoules with an enzyme-like function,”™ and in the
case of virus bodies, are present without being
attached to any visible chromosomal elements. They
represent the most rudimentary forms in which genes
can exist in some special molecular arrangement.

The border between life.and non-life is seen to be
more relative than real. Some writers, however,

still hold that bacterial and virus variations are

due/ .. ..



due to changes essentially somatic In nature, a con-
cept which is somewhat Indefensible. De Kruif (1921)
and Arkwright (1921) demonstrated variants in bac-
teria arising by discontinuous processes. Burnet
and Lush (1936) working with bacteriophage found
evidence of a similar process. Mass transformation
of pathogens therefore "represent selective survival
of one or more mutant types".

Now on the horizon, there seems to be gather-
ing evidence pointing to a form of sexual reproduc-
tion In viruses. Virus particles have the poxircr
of penetrating bacteria and reproducing on a large
scale. When the bacterial body then ruptures, the
virus particles are set free as bacteriophage. In-
fection of a particular bacterium with a particular
type of virus seems often to preclude invasion by
some other types of virus - the "interference pheno-
menon (Andrews, 1948), Delbruck and co-worker
(1948) worked with two different viruses genetically
related and capable both of entering and exist!’g in
a particular bacterium. When both viruses were
grown jointly in the bacterium, both.types were found
amongst the descendants, as expected. But in addi-
tion, a third type of virus was .found with partial
characteristics of both parents. This "switching”
of characters, suggests that.an interchange of parent
factors had taken place, i1.e. a primitive form of
sexual reproduction,

Luria of Indiana University (J-A.M.A. 1949)
inflcated on experimental grounds that several ele-
ments in the make-up of a virus structure may be

destroyed by ultraviolet radiation, and the vlruc
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rendered unable to reproduce Itself. When two or
more such damaged viruses enter a single bacterium,
it is claimed that a combination of the undamaged
elements occurs,resulting in a new individual, de-
structive to the bacterium and capable of self-
reproduction, A comparison is drawn between this
process and the selective destruction of genes,in
Drosophila by chromosomal irradiation, and an alter-
native mechanism is postulated for the production of
new disease-producing germs amongst viruses.

The rubella-producing agent is believed by
most to be "filterable virus”™ which Steinmaurer
(1938) claimed to have cultured on the chorio-allan-
toic membrane of the chick embryo, and to have visu-
alised under the fluorescent microscope. HIro and
Tanaka (1938) injected subcutaneously filtered
saline washings from the naso-pharynx of eruptive
oases. OFf the 16 non-immune children thus injected,

4 showed a characteristic rubella rash
and

2 showed lymphadenopathy without any eruption.

The incubation period thereby determined, was,

7 days 1In 3 cases
8 days iIn 1 case
11 days in 1 case
17 days in 1 case

Habel (1942) used washings collected within
24 hours of appearance of the exanthem and injected
this Into Macacvs mulatto monkeys, by intranasal,
intraperitoneal, subcutaneous, intramuscular, and
intravenous routes. The monkeys were affected by
all routes, provided the washings were colleoted on
the first day of the disease. IT obtained on the
third day, all results were negative. The clinical

oourse/. ...
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course in monkeys was mild, being iInitiated by
leucopaenia, relative lymphocytosis, and slight
pyrexia- On the eleventh day, a light scattered
macular rash became visible on the face,.abdomen and
thighs, and was followed by desquamation.

Habel describes the culture of the rubella
agent on the chorlo-allantolc membrane of developing
chick embryo, Eggs incubated 11 to 13 days wero
opened and 0.15cc of human rubella blood was iInocula-
ted on to the chorlo-allantoio membrane. After 4
or 5 days incubation at 36°C, these membranes were
removed and ground in.a mortar with sterile sand plus
the addition of 3 c.o. of broth per each membrane.
These passage embryo membranes were inoculated with
0.15 c.c. of supernatant from this emulsion. Four
strains were carried through for 5 egg passages,
after which 5 c.c. of supernatant was inooulated iIn-
to monkeys. Rubella (with rash) was produoed in
one case, possibly iIn two (the second had fever,
leucopenia, and lymphocytosis on the 14th day with-
out a detectable rash). Habel also passaged 3
human strains transferred in monkeys by blood given
intravenously and 2 were positive, 1 after one pas-
sage and 1 after five passages.

Monkey passage material has not yet been iIno-
culated back iInto susceptible human beings. Infec-
tive material was found by Habel to become weaker on
monkey passage, and frozen stored material proved to
be non-infective.

Burnet, Anderson and co-workers (1948) were
not successful iIn their attempts to cultivate the

rubella virus on developing chick embryo. They

did/.,..
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did, however, transmit the infection to 9 out of
16 student volunteers. These volunteers were made
to inhale filtered throa”ashings atomised hy com™*
pressed air. The 7 who did not develop rubella re-
mained in close contact with the infeoted volunteers,
and were assumed to be Immune. It was Oonfirmed,
too, that the virus is present iIn high concentra-
tions in throat-washings taken from patients at the
height of the eruption. Such washings remain ac-
tive indefinitely when frozen, and can be used to
produce the disease when desired. This 1is in con-
trast to the work of Habel (1942) who did not use
the same freezing technique. Burnet and his co-
workers were Induced by the success of these latter
experiments, to recommend deliberate active Immuni-
sation of women at convenient times, instead of by
change infection during an epidemic.

Anderson (1949) obtained the throat washings
from typical cases of rubella. The material was
sealed in ampoules at the bedside of the patient and
stored in a mixture of solid carbon dioxide and ab-
solute alcohol. The washings were tahen from the
patient and stored at -70°C. within five minutes.
Various experiments conducted on 40 young women
volunteers showed that typical rubella could be pro-
duced by use of a hand operated De Vilbuss spray,
xirhich delivered the atomised material into the naso-
pharynx. The rubella-producing agent was found to
remain viable in the presence of 200 oxford units of
penicillin per millilitre, and apparently after Ffil-
tration through a millemicron membrane. The agent

responsible Was present in throat washings taken on

T the/. ..



the first day of the rash, and remained infective for
at least 90 days when stored at - 70°0. as above des-
cribed. This and all the above evidence seems to
definitely indicate that the rubella agent is a virus.
The experimentally produoed disease was also found to
be Infective, and.did not differ from the natural

type of Infection. Experiments done by Habel (1942)
demonstrated lack of cross immunity with morbilli.

Two methods were employed, viz:

(1 injection of convalescent morbilli blood, and

(@ i1noculation of morbilli virus iInto a previously
rubella positive monkey.

That roseola infantum is not the infantile
manifestation of rubella has been proved by the fact
that children may develop the two infections at dif-
ferent times. Better evidence, however, 1is provided
by James and Freier (1949), who observed adult oases
of roseola infantum contracted by nursea and parents
from children in a maternity hospital in England.

The adults presented the same general clinical pic-

ture as the iIinfants.



CHAPTER I11.

EPIDEMIOLOGY.

(O EPIDEMIOLOGICAL PATTERNS i
Rubella i1e widely known in the Americas,
Europe, Afrioa, Asia and Australia, but it differs

from measles by not being unduly severe when ooming

into contact with a non-immune population. (Burnet
1945). However, in its epidemiological pattern, it
seems to parallel measles in many respects. Correct

evaluation of epidemiological factors is extremely
difficult on account of the fact.that in most countries
it is a non-notifiable condition. In the United
States, although it is notifiable, there is considera-
ble neglect iIn reporting cases with consequent inac-
curate statistics.

When a small number of virus particles enter
into an individual, rapid multiplication may occur,
so that within 48 hours, the virus population may
total several billions. Only an infinitesimal pro-
portion of these, however, propagato, and the remain-
der of the virus inhabitants dios out entirely, at
least, so far as wo know to date. Only a few Induoe
fresh infection in other susceptible persons. It
appears that in a very few individuals, however, (pos-
sibly one in 10,000 say), the virus romains latent to
initiate a new epidemic whon conditions are so suited.

In such larger virus populations as occur dur-
ing epidemlos, some mutations must inevitably arise,
more of course, i1f the epidemic is largo. Persis-
tence of such secondary strains is enhanced, only if

thoy should possess some added advantage for survival

under/



under the conditions prevailing. Ohanoes of the vari-
ant entirely replacing the original are small. Burnet
(1945) estimates that a variant with suoh advantages
occurs once in about 10® generations roughly, and that
not more than 1/10" of the virus particles in a given
host.find an opportunity of originating further infec-
tion, Then of (say) 10™ particles present in the
host, about 10 will consist of the now form, and 10®
of the.original strain will bo present in infecting
dosage. Thus the variant is outnumbered 100 to one,
in spite of its survival advantages.

We see therefore, that high pathogenicity de-
pends on short term survival advantages* . If suoh a
form should succeed in becoming predominant, then
there occurs a sub-epidemic of unusual proportions,
as may possibly have occurred in Detroit during tho
rubella outbreak round about 1942, But survival of
a now strain actually depends on a small number of
individuals, and for survival purposes, variants of
low.rather than high virulence will tend to bo selec-
ted. That this fact is borne out in praotioo is the
general experience of common uniformity of a disease
from year to year, with short exaoerbatlons of unusu-
ally high or unusually low virulencee¢ _The main
strain tends to persist in the long run. Bennett
and Oopeman (1940) x/ho observed more than 300 ?ases
during February and March 1940, found that the severe
oases all occurred towards the end of the opidemlc
with a progressive increase in the severity as the
epidomic progressed.

From the chart (Figuro 4) which is taken from

Aycock and Ingalls, (1946), the periodio pattern of

rubella/. ...
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rubella Is evident. There la a difference from
measles in that the Individual prevalent periods tend
to extend over a period of 2 - 3 years. The iInter-
vening periods of low incidence last for 2, 3 or 4
years. Therefore the seasonal incidence resembles
measles except that during "high" years, the infec-
tion remains at a distinctly raised level iIn the "off"”
season. Another factor, illuminating the question
of mode of spread, 1is that, in the "highest" years,
the reported cases of rubella reach the same proportion
as iIn the highest years of measles; whereas Iin
lower years, the incidence is only one-tenth that of
measles. The latter discrepancy is.believed to re-
sult from neglect in reporting cases, Swan et al
(1943-4)obtained retrospectively figures for congeni-

tal defeots iIn the Australian epidemic as followss-

8 cases 1939 — 8 children with congeni
(prognant women) tal defects.

6 oases 1940 -~ 6 do.

7 " 1941 - 6 do.
28 " 1942 - 12 do.

These figures support the above statement that

peak™ period extends over about three years. It
was also noticed in the cases investigated, that the
distribution was wide, actually, 15 in country dis-
tricts, and 30 in the urban area of Adelaide. Aycock
and Ingalls further state that there is no seasonal
difference between rubella and morbilli; their
curves for seasonal prevalence being closely similar.
Bedford and Brown (1937) believe that large epide-
mics tend to occur at Intervals of 10 to 20 years,
The outbursts are frequently seen during late winter
or spring. R

In/..,.
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In their chart, Aycock and Ingalls show, that
in Massachusetts, (Northern Hemisphere) rubella had
sharp rises in incidences in the early months of eaoh
year from 1917 to 1945. This would imply that a pre-
ponderance of defective children would be.expected to
be born in the latter months of each year. Such a
preponderance was actually found recorded for the
United States as a whole by Miller et al (1949). The
latter workers, also found evidence that the peaks of
prevalence oocurred simultaneously iIn different parts
of the United States during the spring of.1943, and
1946, and they supply illustrative charts. It fu-
ture epidemiological studies indicate this synchro-
nism to be a recurrent tendency, then investigations
of teratological .effects xrould bo assisted by such
relation of data. Judging from previous records,
another pandemic of rubella may be expected within
the noxt few years.

High Schools, colleges, army and navy canton-
ments, provide a happy huntlpg ground for the rubella
agent. We often see rssldent medical officers and
nurses attached* Margolis et al (1943) noted that
9,000 oases in the general population were reported
in Detroit during the first 6 months of 1942.

Worcester et al (1950) analysed the gestational
characteristics of 677 congenitally malformed Infants
born in the Boston Lying-in Hospital during the period
1930 - 1941, and they found that the total anomaly
rate was significantly high in 1935 (OF. Figure 4,
plien births of defective iInfants reached a peak seven
months after a widespread epidemic of rubella. These

data were recorded before the teratogenic properties

of/,....
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of German measles were suspected, and hence repre-
sent unbiased information.

Patton (1947) gives graphs based on data
supplied by Health reports on the Oity of Manchester.
Rubella ™"peaksO, in 1920, 1931, 1935 and 1940 re-
spectively were followed in each case, one year later,
by "peaks™ in infant mortality. This may have been
coincidental, or possibly due to weakly post-rubella
infants with congenital anomalies falling to survive
longer than one year when encountering infections.

It 1s, however, mentioned as well that during the
years of high infant mortality, diseases such as
whooping cough, measles and diarrhoea also showed a
high incidence, thus tending to invalidate the use-
fulness of these graphs which purport to show a.re-
lationship between rubella and infant mortality..
Hence great care should be taken in interpreting
Public Health data.

Candiottl (1949) makes the interesting obser-
vation that rubella is more prevalent amongst Anglo-
Saxon races and comparitively rare iIn France, where
symptoms are often so slight that they esoape notice.
This observation helps to confirm the previous state-
ment by other French writers (Gerard-Lefebvre and
Merlen, 1948) that in France, rubella iIn pregnancy is
very rare, mild In type, and plays little part in the
causation of foetal abnormalities.

Alarcon (1949) states that iii Mexico, rubella
Is endemic and every woman has had it in childhood,
so that the adult population appears to be relatively
Immune,

In South Afrloa, rubella is not uncommon, but

as/ ...
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as it Is not a notifiable disease, no figures are
available* As to the incidence of rubella amongst
the non-European population of South Africa, one can-
not even hazard a guess. During the war years

1939 - 1945), when rubella was so prevalent in South
Africa, the writer, with the courtesy of the Dlreotor
General of Medical Services, undertook an investiga-
tion into the records of non-European military per-
sonnel who were isolated in oamps.and institutions

as a result of infectious disease. While all the
other common exanthemata and infectious were diagnosed,
the auther.was unable to find recorded a single case
of rubella. This negative finding is no doubt due

to the difficulty in establishing the diagnosis Iin
dark-skinned individuals. It also seems unlikely that
there can exist any non-human reservoirs of infeotion
in the case of rubella (Meyer, 1950).

(@ AGE.

Bradford (in Brenneman’s "Practice on Paedia-
trics'), quotes Scholls as having reported a case of
congenital rubella. Bradford also mentions cases on-
countered in children a few iireeks old, where the" iIn-
fants 1 mothers were non-Immune. Corlett (1902) also
mentions cases of infection in the neonatal period,
but like measles, rubella is rare in the first 6 months
of life.

In the literature, there are several reports
of rashes with enlargement of the posterior oervical
and occipital glands occurring in small infants.

Such rashes are called rubella but further diagnostic

criteria/
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critor-ju are meagre. Hadfield (1940) quotes the
case of Ills own daughter who developed a typical
rubella rash at the age of 18 days. Another member
of the household had had the infection about 2 weeks
previously and both his wife and infant contracted
the disease from this patient.

Measles i1n early infancy 1is usually mild,
ana presumably rubella, too, so that non-recognition
of the disease may occur, Wesselhoeft (1947a) col-
lected reports on 5 cases In infants varying iIn age
from 19 days to 2 months. After the age of 6 months,
the infection pursues its usual course, but because
of i1ts short duration and mild character, is not often
treated by a.doctor, and hence, iIn Amerioa, is often
not reported. In children®s institutions, the
disease spreads rapidly. Out of 190 children,
Michael (1908) reported, 80 contracted the infection,
with a nearly 100 per cent attack rate in all under
the age nf 6 years. Humphrey and Ekermeyer (1937)
found that 48 per cent of exposed children were
attacked, but Geiger (1918) reported a 12 per cent
attack rate i1n school children,

Michael®s figures for children iIn an institu-

tion are quite interesting:-
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Under the age of 6 years all children
were infected except 3,

Over the age of 6 years, 25 per cent
were infected.
Of infected cases -
3 children were less than 2 years.
43 children were between 2 and 6 years..
25 children were between 6 and 10 years.

9 were older than 10 years; the oldest
infected child being 14 years.

Unfortunately, no figures are given to indicate how
many ohildren there were in the different age groups
of the iInstitution as a whole.

Adults aro, of course, more susceptible to
rubella than to morbilli, due to the fact that prac-
tioally every person becomes actively Immunised by
morbilli during childhood. Manchester is the only
area in England where rubella is notifiable. Of
oourso an unknown number of oases are nover notified.
In the age-sex distribution of cases notified during
the rubella epidemic of 1940, Olayton-Jones (1947)
remarks that his epidemic was peculiar iIn attacking
a high proportion of women of childbearing age.

On the basis of the above figures, it would
appear that the attack is higher in children’s iIn-

stitutions, than in day schools. However, the

fairly/....
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fairly high Incidence of rubella amongst young adults
In colleges artd In military life, suggests that more
children eeoape rubella than they do morbllli. In- .
fectious Fever Hospitals also usually have more cases,
of rubella amongst young adults than in children, pro-
bably because rubella cases are never hospitalised, .
excepting when they occur in dormitories or barracks.
The disease is rarely found over the age of
40 years, (Clayton-Jones 1947), although Simpson
(1940) reported infection in an 82 year old patient
in England. Aycook and Ingalls (1946) present a
chart showing the age distribution for rubella in
Massachusetts in 1943 for 7 largest cities, and for
towns under 5,000. In the rural population, the
age group is slightly higher than the corresponding
figures for urban areas, where opportunity for child-

hood infection and immunisation is more favourable,

(See Figure 5.)

3 SEX.

Chart (Figure 6) taken from Aycock and In-
galls indicates that in reported cases, the iInoidenoe
in females, becomes increasingly greater in the older
age groups. Perhaps this is because more women than
men remain longer at home i1n closer contact too, with
their children, so that there is greater opportunity
to acquire infection; or their close association
with children leads to their being reported along with
them. What is important to note, iIn regard to con-
genital defects 1is, that -

14~ of all female cases are in females of
childbearing age.

% of all cases are in females of child-
bearing age. .-

Clayton-/. ...
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Reported Incidence of rubella by years and by
months In Massachusetts. (After Aycock and
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Percentage Age Distributions.

Comparative age distribution of rubella
in urban and rural Massachusetts iIn 1943.

(After Aycock and Ingalls.)

FIGURE 5
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RUBELLA
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and sex in Massachusetts, 1943) -~

(After Aycock and Ingalls).
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Clayton-Jones (1947) also publishes charts
which bear out the greater reported preponderance
of rubella In women of older age groups relative to
men . This finding was more especially notioeable
In 1940 as compared with 1941.

There are no figures available as to whether

pregnanoy influences susceptibility or not.
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OHAPTER V.

IMMUNITY.

() POSSIBLE MECHANISMS.

Immunity following an attack of rubella is
generally life-long (Bradford), although occasional
second attacks have been reported (Aycock & Ingalls,
1946). Immunity in the mother is, so far as general
experience goes, communicated iIn some way, transpla-
centally, to the foetus. The actual method whereby
immunity is established, is unknoT/n, but is specifio
as there 1s no cross immunity with morbilli or other
exanthemata (Habel, 1942).

It yet remains to be seen whether the conge-
nitally deformed children, born after maternal rubel-
la, will be immune to the disease iIn postnatal life,

Burnet (1945) describes Immunity as resistance
to symptomatic infection. It may arise out of a
balanced inter—;ction between host and virus,and is
engendered by (1), a prolonged period of association
between the Wo, (2 opportunity for infection to in-
volve a large proportion of the host species, @)
absence of iImportant means whereby the pathogen can
survive indefinitely apart from the host. Such con-
ditions are suitable for a '"standard, low-grade,
widely prevalent ..infection, only exceptionally pro-
ducing significant mortality in the host". Any 1n-
fection which is highly fatal in the host is prejudi-
cial to the virus* chances of survival, and is likely
to end iIn the complete extinction of the virus itself.
Nature has provided a fair balance between the two .

forces/....



forces, with a swing of the soale, now a little up,
new a little down.

The epidemic of rubella espeoially prevalent
in Australia and America during the war years was a
result of the combined efficiency iIn the first two
of the above conditions. Rubella was praotioally
absent in the country for 20 to 25 years prior to
1937. Hence the stage was set for an epidemic whioh
attacked not only children, but young adults as well,
and sometimes gave rise to graver manifestations than
usual.

Under non-epidemic conditions, the virus iIn-
vades the oells of the host, invoking only mild syste-
mic reactions, whioh subsidy and therefore the virus
iIs not permitted to be further transferred to other
potential hosts, except under very special circumstan-
ces, How does such a state ariso?

There is some evidence that in some virus in-
fections at least, (e.g, influenza), the "interferencel
phenomenon (Andrews 1948), 1is operative, 1.e. the host
oells are already "blooked"™ by some other, though
somewhat similar virus, thereby becoming toe full to
receive fresh virus infeotion, Suoh a mechanism may
be responsible for producing mild or abortivo attacks
in oertain oases. There 1is also the question of in-
dividual susceptibility based on genetic factors;
faotors probably of indireot and secondary importance
in rubella, In the ferret, influenza causes destruc-
tion of the respiratory mucosa with resultant incapa-
city of tie virus to damage the regenerating basal
epithelium, to which it is not "acclimatised".
(Franois and Stuart-Harris, 1938). The fact that ...

influenzal/ .-,



110.

Influenzal Immunity is shortlived, and tho Influenza
virus is localised to tho respiratory cells (never
having been found in the blood), also suggests that
the type of cell invaded, influences the degree of
susceptibility to infeotion (Rivers, 1943). And in-
deed, virus bodies sometimes exhibit considerable
cell or tissue specificity* less obviously so in the
case of rubella.

Of all immunological factors, antibody forma-
tion, 1is however, the most reliable defence measure,
and may exists under the following conditions:

(D The host eliminates the virus completely with
subsequent prolonged immunity,

(@ Infeotion persists asymptomatically, due to a
symbiotio relationship existing between pathogen and
host. That this situation may possibly arise in
rubella is suggested by reports in connection with .
oongenital defects following pre-conception rubella*
(see Ohapter XXIX(9)).

To stimulate antibody formation and effective
Immunity, the virus must at some stage enter the
bloodstream. Furthermore, should the host be ro-
exposed to infection, there must be operative some
method whereby the invading agent is exposed to cir-
culating antibody and knooked out before it can reach
the cells towards Tblch its attack is being directed,
Some civ.h mechanism appears to funotlon in rubella.
Habel (1942) olaims to have Ildentified the rubella
agent in the blood of patients during the first 30
hours of infeotion, though not later, The initial
infeotion in non-immune subjects, 1is, in the first

instance, probably localised to the naso-pharyngeal
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mucosa, afterwards spreading; In Immune subjects it
remains strictly localised without any obvious develop”
ment or external manifestations. In influenza, Immu-
nity is shortlived; in herpes simplex, the virus per-
sists In spite of circulating antibody.

Where permanent Immunity is induced with eli-
mination of virus from the body, the epidemiological
pattern of the disease follows a certain typo, 1.e,
an acute epidemic attacking susoeptibles, follox™ed by
complete disappearance of the diseaso for several
years (see chart, Figure 4) It reappears again,
when a mass of susceptible subjects re-aocumulates,
Isolation and public health measures tend to prolong
an epidemic while lowering its intensity.

Age plays some part in the Immunity-produoing
mechanisms, and throughout infancy, childhood, ado-
lescence, adulthood, and senescence, it iIn itself,
apart from other immunological factors, influences
resistance to infection. In very early infancy,
there is likely to be an immunity to rubella, irres-
pective of whether the mother is susceptible or non-
susceptible. (Rivers, 1943). There 1is at present
no test.for the detection of specifio antibodies in
rubella.

Re-accumulation of susceptibles occurs by the
addition of neonates chiefly, of iijimigrants, less
commonly, to the general population. The common
viruses then produce a permanent iImmunity in surviving
members.of a susceptible community in the event of iIn-
fection. The younger the patient, the more severe
and dangerous 1is the infection usually, after the ini-

tial period of Immunity has passed. However, 1in the
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case of rubella, because of its mild nature, this la
of little consequence. Generally speaking, a normal
child population between the ages of 6 to 12 years,
can resist any infections disease better than the po-
pulation of any other age-group, child or otherwise.
(Burnet 1945). Yet again, In rubella, age is of
little consequence except in females of childbearing
age, because of the rarity of serious complications.
During the widespread rubella epidemic in 1942, all
age groups appeared to be equally susceptible to the
unoommon.complication of encephalitis (Margolis et
al, 1943.)

When a disease passes from the non-endemic to
the epidemic stage, there appears  be a greater sus-
ceptibility in young adults or adolescents. The
only significance this has for rubella, is that fe-
males of childbearing age may be affected during
pregnancy, (Clayton-Jones 1947). In fact, young
adults are very susceptible to infections iIn general;
and 1T exposure does not occur in childhood, young
men and women make up a large proportion of the sus-
oeptible population. Suoh increased susceptibility
in young people may be related toprecisely this ques-
tion) namely, an application of biological princi-
ples of survival, whereby young adults under natural
conditions, having already contracted diseases during
ohildhood, are immunised by the time adolescence is
passed, and capacity for immunisation is of less iIm-
port, thenceforth. In general, however, physiolo-
gical reactivity.appears to be greater in young adults

than in children, ..
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Whereas in the ease of some infections, iImmu-
nity is maintained hy repeated attacks of suhclinical
infection, .in rubella immunity most probably follows
one attaok. The possibility of permanent immunity
being maintained by repeated exposure cannot be entire-
ly excluded ; especially, when we consider that rubel-
la is uncommon over the age of forty years. In the
case of many other infections, pathogenicity iIs accen-
tuated after the age of forty,

Immunity following an attaok of rubella is
generally life-long and many a “second-attackO repre-
sents a misdiagnosis. “In 4 pairs of epidemics ana-
lysed in detail, 2 boys at school, N.B, were attacked
in both epidemics, the diagnosis being made by the
same school medical officerI. (Aycook and Ingalls,
1946) . Yet the parents, doctors, nurses, teachers,
etc. are continuously exposed to reinfection, without
any signs of the disease over developing. The type
of epidemiological curves obtained also confirms the
statement regarding permanent immunity. Each wave
of prevalence is.followed by a period of greatly dimi-
nished incidence. -

(2> REORUDEBOENT INFEOTIQN.

Recrudescence may occur, however, and is often
oonfused with subsequent new infection. Amongst the
laity (and even some members of the Profession), be-
lief iIs widespread that subsequent attacks are not un-
common . The majority.of relapses follow shortly
after the first attack, Humphrey et alter (1937),
noted a 6# incidence of relapse, occurring from.12 to
41 days after the beginning of the first attack. Tne
diagnosis was so careful as to appear unimpeachable
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and In 3 cases, complications developed during the
recrudescent period. The rash was typioal and
generalised in both relapse and original attach, al-
though in general, the relapse was of milder nature
and shorter duration, G-elger (1918) reports three
successive attacks in 5 cases and in one of these,
the third attack came at the proper incubation period
after another exposure.

The. cases observed by Humphrey, occurred in
an institution, which of course, provided plenty of
opportunity for re-exposure to infection. In this
author®s opinion, the results suggest that Immunity
does not develop for about 3 weeks after.the onset of
rubella, thus permitting of ro-infectlon, The inter-
val between attacks in one case was 41 days and in the
remainder averaged at 26 days,

15 oases relapsed in 3rd week.
3 cases relapsed in 4th week,
1 case relapsed, on 41st day.

In Hopsltal practioe, the patients are often
discharged before relapse occurs, exoept where they
happen to be detained for long periods as for exam-
ple in cases of complications following soarlet fever.
In another series of 65 cases, one reorudescent
attack occurred, following the primary by an iInterim
of 18 days. Tidy(1940) reports recrudescenoe of the
adenitis three or more weeks after the initial attack
and after the adenopathy had almost subsided. The
recrudescence was sometimes.accompanied by pyrexia
and constitutional symptoms. Bennett and CTopeman
(1940) had an % relapse rate in their series of over
300 (Eases* Some of the relapsed cases were vary.mildf
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but three were very acute and for 24 hours simulated
meningitis* Wesselhoeft (1947a), In the relapsed
cases observed by him, found them to be Ildentical In
severity with the first attack.

Anderson (1949) using concentrated Infective
nasal washings was not able to transmit rubella arti-
ficially to 14 out of 25 volunteers. These 14 re- .
mained iImmune to subsequent natural Intense exposure.
Five of these people gave a history of infection 6
to 9 years previously, and the other 9 had probably
undergone sub-clinical or inapparent infection,
According to Anderson, these facts provide suffici-
ent circumstantial evidence to iIndicate that infec-
tion confers a high degree of immunity for at least
9 years, An artificially induced infection in a
woman of 20 could therefore be expected to provide
protection from re-infection with rubella during the
usual childbearing period.

Relapses, as recorded ip the literature, are
supported by experimental work. Five monkeys that
had developed rubella with a rash, and two without a
rash, were re-tested by Habel (1942) after a varying
interval of from 4.to 11 weeks,by re-inoculation of
infective material. This material, which was shown
to be infective, by its disease-producing effect on
fresh monkeys, was obtained either from human blood
or monkey passaged rubella blood. Only two monkeys .

were thus proved immune, over the period above stated.



CHAPTER 'V,

INCUBATION PERIOD,

Very little is known about what the rubella
virus 1is doing during the inoubation period. It has
been assumed that during this period, the virus Iis
multiplying in the host. Recent work was done by
Fenner (1948) on eotromelia, a virus infection in
mice, (mouse-pox) which is the murine representative
of the mammalian pox viruses, especially varicella ,
as determined by serological tests (Fenner 1947)*
This work serves to act as a ‘modell for the study
of virus Infection, He found that multiplication
of the virus at the site of its entry reaches al-
most i1ts highest titre before any lesion is evident
macroscopically. From the site of entry, the eotro-
molla virus passes rapidly to the regional lymph
glands, and from there into the blood.stream, whonco
it is removed by the liver and spleen. The virus
then multiplies iIn those organs and sets up a secon-
dary vlraemia. The skin Ffirst shows virus on the
6th day after infection, and thereafter the virus
content rises rapidly to reach a maximum at the time
the rash bocomos clinically apparent on the 9th day.
As the antibodies rise in titre, so does tho virus
diminish quantitatively in the liver and spleen.
Henco, virus deposited in the skin multiplies for .
several days before any maoroscopio lesions appear.
“Clinical phenomena lag behind the multiplication of
the virus, and symptoms do not appear until after the
virus proliferation has reached its peak, when the

battle may bo already lost. The incubation period.

Is/>_««,
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Is thus revealed as the most vital of all phases of
the disease™. (Lancet 1948).

Fenner postulates a similar mechanism in other
exanthematous diseases, including rubella, where the
“"primary lesion™, however, not necessarily apparent
clinically, 1is in the respiratory tract and not in
the skin, as in the case of mouse-pox.

Various authors corroborate the statement that
the Incubation period of rubella ic about 18 days.
LIndberg (1924) described an infection which developed
exactly 18 days softer a three hour exposure to a com-
mencing rubella eruption. This period was also con-
firmed by investigating an epidemic iIn a boysl board-
ing school, (Aycock & Ingalls, 1946) J-

One hundred out of the 106 oases consequent on
the initial infection occurred within 15 to 23 days
of exposure (see chart, Fig. 7). This represents an
average of 18 (fsl days.

The interval between cases can be used as a
diagnostic aid to differentiate rubella from morbilli,
where the incubation period is given as generally 10
or 11 days to the commencement of the oatarrhal stage
(Harries et Mitman, 1947), The incubation period of
rubella, determined experimentally in children by the
injection of infected nasal washings
varied from 7 to 17 days. (Hiro & Tasaka, 1938),

Anderson (1949) noted that, in general, the
longer the incubation period after artificial inocu-
lation with infected material, the milder was the
attack of Induced rubella. He infected susceptible
young women with rubella artificially Ipy means of
throat washings from established oases. These

volunteers/,,.
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volunteers were kept in hospital under observation
from EO to 72 hours, but none showed during this

period any signs suggesting "illness of infection”
as has been described in eases of measles (Harries

and Mitman, 1947 p* 250).



CHAPTER VI.

PERIOD OF INFECTIVITY AND MODE OF INFECTION.

Bradford in Brennemanls ‘Practice of Pedia-
trics" , states that, ‘“the communicability rate (of
rubella) 1is decidedly lower than that of measles,
and more nearly resembles that of 3carlet feverll
It would appear that the infective agent of rubella
and other exanthemata, lie in the upper respiratory
tract during the prodromal period, before the infec-
tion is recognised, and before adequate isolation
measures can be instituted. The mechanism of virus
spread in measles can be easily ascribed to droplet
infection, encouraged by coughing, sneezing and
speaking- Chicken pox, however, 1iIs a disease with-
out any catarrhal symptoms, and yet is very infec-
tious, In fact infection will pass from one cubicle
to another, 1If there is alr communication between
them. Moreover, 1in German measles, catarrhal symp-
toms are often lacking.

Anderson (1949) sprayed infective material
(taken from the throat washings of patients with
typical rubella) into the nostrils and oro-pharynx

of volunteers and obtained almost 50% ttakesh. In
one experiment, a laboratory worker standing at

least 10 feet away from where this spraying was going
on, contracted rubella* Cases of artificially in-
duced rubella were not found to differ in any way
from the natural disease.

Habel (1942) demonstrated virus infactivity
in the washings taken from the nasophyrynx during

the first 48 hours of eruption, but not afterwards-.
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In practice, too, it has long been realised that

oases follow on contact with infection, before the
appearance of the rash. Habel also demonstrated

the presence of the virus iIn the blood of patients
during the first 30 hours, but not in blood taken on
the third day. The available evidence, therefre, Iin-
dicates that the iInfecting agent is in the upper res-
piratory tr.aot of the patient in the first 48 hours;
that infedtivity oommenoes before the appearande of,
but terminates with the fading of, the rash. Be-
cause the rash is of short duration, only partial
success will be gained by isolating all patients who
exhibit the exanthem. Geiger (1918) recommended
that cases be isolated during the stage of lympha-
denopathy. The impracticability of such a plan be-
comes evident when we consider th-at lymph glands may
remain enlarged for an indefinite period, especially
in children. The clinical and epidemiological ex-
perience, also, iIs that transmission is by direct,

or close contaot, Infeotion through the medium of

fomites, or a third person, is doubtful.

For practical purpooes, isolation of a patient for

five or six days iIs adequate.



CHAPTER VII.

PRODROMAL PERIOD.

The prodromal period generally lasts 12 to
24 hours, occasionally being prolonged beyond this
period with influenza-like and catarrhad. symptoms,
such as coryza and conjunctivitis, 1in addition to
the common symptom of.enlargement of the posterior
auricular lymph nodes, Bennett & Copeman (1940)
during an epidemic of over 300 cases noticed in 4
oases, prodromal swelling of the muoous membranes
of the nose, palate and gums without catarrh, ™"giv-
ing ri3e to considerable trouble™.

Humphrey and associate (1937) 1in a series of
305 cases, found that posterior auricular gland en-
largement was the most constant prodromal sign.
Anderson (1949) induced artificially, 1in susceptible
women, rubella by means of throat washings from typi-
cal cases of rubella. In some of these cases, the
lymphadenopathy preceded the rash by as much as six
days.

Constitutional symptoms, on the other hand,
may be very slight, a fact convincingly borne out by
the fact that in school epidemics, many infected boys
fail to report sick. In children, a slight pyrexia
i.i the 24 hours preceding the eruption, may be the
only prodromal sign, while in adults, the severity
of prodromal symptoms tends to be proportional to the
degree of the rash, and Include iIn severe cases, pro-
dromal fever, headache, muscular pains, and posterior
auricular adenopathy. Anorexia, nausea apd vomiting
are rare events (Harries and Mltman (1947). Stiff-

ness/ ....
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ness of the neck iIs a characteristic symptom iIn some

epidemics, and at least one case of encephalitis has

"been described, which occurred during the prodromal

pre-eruptive period. (Hclliday, 1950).

In the blood, a marked leucopaenJa may occur

in both children and adults, the lepcocyte count

even falling to 2,000 per cubic m.m. The leucopae-

nia, however, 1is not invariably present. When erup-

tion occurs, a lymphocytosis with slight monocytosis,

but any blood findings are not

1935) .

iIs apt to set.in,

pathognomonic. (MacBryde & Charles,
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CHAPTER VIII.
SYMPTOMATOLOGY .

(@D COURSE.

The course In rubella is the mildest of all
exanthems, being associated with no or relatively
little discomfort in the vast majority of cases.

The prodromal symptoms are occasionally so slight as
often to be missed. The cardinal signs are pyrexia
exanthem, and lymph gland enlargement, but no indivi
dual sign is pathognomonic, and diagnosis is often _
made by the presence of one or two of several signs.
In mild or modified typos, assistance for diagnosis
may be obtained by reference to the calculated incu-
bation period. During epidemics, the onset may
sometimes be acute, simulating meningitis or enoepha
litis, Tfollowing on a period of malaise lasting 24
to 48 hours (Bennett & Copeman, 1940)« There may
occasionally be pain , or even stiffness, in the
muscles of the neck, but in most cases, such symp-
toms are.probably muscular in origin, or due to the
adenitis.

(2 EXANTHEM.

The pathogenesis of the eruption In rubella
is largely deduced by inference, and may be.due to
fragility of the minute vessels in the skin. Recent
work on ectromella cr mouse-pox, 1is claimed by
Fenner ="1348) to Indicate the probable mechanism in
exanthematous diseases of humans. He showed that
the virus 1is already present in the skin of mice a
few days before the rash occurs, and he attributes,

the rash to focal infection in the epidermal cells.

Von/
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Von Plrquet®s theory of allergy as the basic mecha-
nism of rash production in the exanthemata, he disposes
of on the following grounds

(@ In mouse-pox, TFTocal multiplication <f virus in
in skin was shown to cause the rash.

() An allergic reaction to the mouse-pox virus
could not be demonstrated iIn the animals until
the seventh day after infeotion, when the virus
had already become localised to the skin*

(© Congenital variola, vaccinia, alastrim, measles,
(and even a case of rubella), have been known,
and the rash in the child, develops in the usual
way, although the infeotion occurs in utero.
Fenner cites work by G-rasset (1929), and Burnet
(1941), to show that the foetus in utero IS In-
capable of forming antibody., although the human
placenta will transmit neutralising antibodies
which probably assist in controlling foetal in-
feotion, and is Incapable of passing sensiti-
sing antibodies (Sherman et al, 1940).

(@ Animal experiments are quoted where intravenous
infection of vaccinia and simian measles virus
is followed by typical skin lesions after a very
short incubation period, i1.e,, when the internal
organs are “short-circuitedlL

Clinically, the exanthem in rubella may be pre-
ceded by intense facial erythema, lasting only 12 to

24 hours, and especially heralding the severer types

of rash. Generally, however, the eruptive stage com-

mences with the appearance of.small, pale rose-pink

macules on the face and scalp* They vary iIn size

from/. _,
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from a pinhead to a split pea, and.may be round or
Irregular In shape, even confluent. (Michael 1908).
They first cluster In small groups, usually appear-
ing Initially behind the ears and on the forehead,
and then they spread downwards over the trunk and
extremities. Lesions are pale, roae red) slightly
raised maculo-papules. By the time they appear on
the lower extremities, the rash is disappearing from
the face, tending to leave the clroumOral ring clear
as In scarlatina, and at examination, the legs, the
dorsum of the feet particularly,._may be the only parts
evidencing any signs of eruption. In the initial
stages, the circumoral area is invaded, but often
sparsely. (Harries and Mitman, 1947). By the
time the rash is profuse on the face, it appears
Sparingly on the trunk, usually in the first 24 hours,
and although the rash tends to fade rapidly from the
face, 1t may persist in that situation throughout
the eruptive phase. Rarely, 1t may be confined to
the face only; .but an eruption may never appear on
the face at all. However, by the time the general
practitioner is called in to see the case, more
often than not, iIn the writer®s experience, the rash
has already faded from the face and iIs to be seen on
other parts of the body.

In severe oases, the macules may coalesce in
certain areas, particularly over the lower back and
buttocks, producing erythematous areas of considera-
ble extent. In children, Michael ((1908) found con-,
fluence on the buttocks and popliteal regions common.

Pressure due to clothing on lying in bed may cause.suoh

erythymatous/. ...
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FIGURE 9.

Diagram showing development of
rubella rash.

Note early involvement of face,
as well as rapid disappearance
of rash from face.
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erythymatous lesions or punctiform lesions, especially

on the buttocks.and inner sides of the thighs (Osier
& Macrae, 1926). Such erythematous areas in rubella
formed by confluence.of lesions, are however, pink
rather than punctate. Only In severe cases are
macules found in the axillae, popliteal spaces, .the
palms and plantar surfaces (Wesselhoeft, 1947a).
Michael (1908) who investigated an epidemic c.f rubel-
la in 80 children, observed the eruption frequently
in the palms and soles. On the trunk, the eruption
tended to be more profuse than elsewhere. In the
second 24 hours, Michael observed that tho chest
lesions iIn children were paler, but on the lower part
of the body they.were profuse especially on buttocks
and behind knees. It is rare for the rash to.be
equally intense all over the body (Atlee 1937)e In
fact, i1t iIs quite characteristic for the rash to
appear iIn one area, and then to fade wholly or par-
tially before erupting elsewhere. The lesions,
therefore, do not necessarily commence fading gradu-
ally from above downwards, but may show up brightly
in some skin areas, and less so iIn others. (Osier
and MaOrae, 1926).

In children, Michael (1908) found, the severer
the eruption, the longer it remains, and in bad cases,
a coppery tint may appear as in scarlet fever. Such
cases evidence high fever followed by furfuraceous
desquamation of the face and trunk as the rash sub-
sides, and are often confused with scarlatinal erup-
tions. In 9 out of 21 undoubted cases of rubella
seen by the writer in general practice in Pretoria
from June to September, 1949, the rash on the body

could/-..
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could be described.as having a brownish rather than
a pink colouration. These brownish rashes tended to
be very Intense, though associated subjective symp-
toms were sometimes minimal.

From the preceding description, it can be seen
that the rash may assume various characters. In
general, the macules remain discrete, and the erup-
tion comes out suddenly on the face, from whence it
tends to fade somewhat abruptly In milder oases. By
the second day, the rash has begun to fade on the
faoe although It may be well marked on the trunk.

It tends to bé polymorphic, Tfine, rose-pink, "kalae-
doscopic”, changing from an Initial macular appear-
ance to a more punctate appearance, .resembling neae-
les on one day and scarlet fever on the next.
(Wesselhoeft, 1947a). The fading of the rash from
the face on the second day may suggest scarlet fever,
which however, only rarely involves the face. Occa-
sionally the macules may be as large as a pea, rose-
red, darker, and may coalesce on the trunk, but they
do not show th-e robust character of measles. The
ordinary case is simple enough to diagnose a.nd dif-
ferentiate from soarlct fever, but iIn exceptional
cases, distinction 1is difficult.

In children, Michael (1908) found, that as
the eruption faded on the third day, it looked pimp-
lish and mottled, especially on the posterior sur-
faces of arms and legs where it remains longest. In
many cases the rash disappeared entirely within three
days, but in some cases it was observed to clear from
the face and trunk iIn 24 hours, but persisted as a. ..

mottling/...
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mottling on the back of the arms and legs for 5 or
6 days. Sometimes the rash appeared to have gone,
hut after exposure reappeared again. Amongst 80

children, the period of eruption was found to he as

follows:-
Rash in 9 cases, lasted 3 days
i 1 18 cases, n 4 1
it I 24 ] i 5
ii Il 22 it n 6 I
i It 6 n n 7 I
i [ 1 i 8 1

In a few cases the rash itself was indistin-
guishable from that occurring in measles. These were
probably cases, where the rash had a brownish coloura-
tion as noticed by the present.writer.

Desquamation is rare, but pigmentation, as in
morbilli, may follow, and the intensity of eruption
may be out.of all proportion to the degree of pyrexia.
(Bradford). Occasionally, particularly in adults,
the rash is Itchy, and it is then easily confused with
drug eruptions. Michael (1908) noted fine, branny
desquamation in 35 out of 80 cases occurring in child-
ren at an institution. Such desquamation tended to
occur after profuse rashes, and was most marked on
the face, less evident.on the body, and very rarely
on the palms and soles.

Bennett and Copeman (1940) found desquamation
to affect the hands particularly, in an epidemic
studied by them.

There is no true ENANTHEM, merely a diffuse
injection of the naso-pharynx occasionally preceded
by a fleeting spotty rash, of deep pink colour, and
occasionally vesiculation. (Stokes, 1948), Humph-

rey and Ekermyer (1937) found no enanthem on 305

cases/....
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oases. Forchheimer described spots named after

him, inside the throat, as being rose-redj and fading
in 24 hours leaving yellowish-brown pigmentation.
This latter finding cannot be substantiated, but the
early, fleeting, spotty, discrete, rose-red rash 1in
the throat (also described by him), has been observed
in early cases (Harries and Mitman, 1947; Wildman
and Teasey, 1940).

) PYREXIA.

The rise in temperature persists only for one
or two days, and generally ranges between.99° and
100°F. Less commonly, it rises to 101°F., and very
rarely to 102Por I01f3 Aycock and Ingalls (1946)
give excellent charts illustrating of the different
types of temperature records met with in rubella
(Figures 10a, 10b, 10c & 10d). The records are
from 20 adolescent boys taken at random, and It is
apparent from them, that there iIs no characteristic
curve. Many curves indicate an afebrile, or even
sub-normal course throughout the illness. In severe
cases there may be chilliness and temperature up to
104°F., though even so, the patients concerned are
not very uncomfortable as a rule.

Michael (1908) who inspected 80 infected
children in an inatitution, found that in 48 of
these patients, the pyrexia was 99°F. or less and
lasted only.2 days. The pulse corresponded with the
temperature.

Bennett and Copeman (1940) noticed a secondary
rise in tempsrature in about 10$ of cases occurring

in an epidemic of over 300 Individuals in the British

Expeditionary/.,



FIGURE 10

TEMPERATURE CHARTS TAKEN FROM 20 CASES
OF RUBELLA DEMONSTRATING THE VARIOUS TYPES OF CURVES OBTAINED.

(AFTER AYCOCK AND [INGALLS)
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Expeditionary Forces. The secondary rise of tempera-

ture, which usually reached about 101°F, followed an
apyrexial period of 48 hours or more, and was accom-
panied by malaise and increased swelling with some
pain in the enlarged glands.

(49 CATARRHAL SYMPTOMS.

Catarrhal symptoms are absent, unless (lue to
a secondary infection such as the common cold. Cough
is actually a very uncommon symptom. The mucous
membranes of the nasopharaynx are very injected, and
the ocular conjunctiva is pink, rather than inflared,
as is the tendency iIn measles. Also there 1is no
palpebral conjunctivitis, no lachrymation or sticky
discharge and rarely photophobia, as in morbilli.

In Britain, it has been noticed that rubella and
‘pink eye", (acute catarrhal conjunctivitis) are
often prevalent at the same time, (Atlee, 1937), but
the association is probably accidental.

Bennett and Copeman (1940) reported pharyn-
gitis, follicular tonsillitis, nasal congestion
without catarrh, and soreness of the gums iIn a severe
epidemic breaking out in the British Expeditionary
Forces. Todd (1940), a school medical officer, who
herself contracted the disease, complained that her
gumo.were painful, as though her "teeth were falling
out™. Harrison (1940) also mentions painful bleed-
ing gums, while Bennett and Copeman (1940) under
epidemic conditions found painful gums or “toothachel,
a common complaint, which usually lasted 48 hours
and sometimes disturbed sleep at night. This com-
plaint usually started on the second day, but some-

times was marked at the beginning of the illness.

Tonsillar/. ...



Tonsillar exudate is very uncommon, (Harries et Mitman,
1947). Michael (1908) observed a diffuse redness and
the eruption on the soft palate in 17 out of 80 dn-
fected children,although there xvas no complaint of
sore throat.

The TONGUE may sometimes have a bright straw-
berry appearance, which however, 1is only localised to
the tip, and does not spread over the whole surface
as in scarlet fever. Of course, 1in scarlet fever,
as in rubella, the tongue may appear normal.

(B) LYMPHADENITIS.

Lymphadenitis may occur during the prodromal
period, or after the onset of the eruption, and the
most characteristic feature, 1is its situation over
the mastoid region. The glands vary iIn size, usu-
ally from that of a pea to a marble, in the latter
case being actually visible under the skin. Mastoid
lymphadenopathy.should always give rise to a suspi-
cion of rubella. Children often complain about ear--
ache, without any evidence of otitis media, and pre-
sent on examination, enlargement of lymph glands in
the neck and scalp. There is often no associated
tenderness or pain over these glands, and they never
suppurate. Pain or tenderness in the glands is how-
ever, not infrequently noted by the patient, but when
present, is not usually very acute. Stokes (1948)
states that there is no other disease which causes
tender enlargement of the retro-auricular, posterior
cervical and postocclpital glands iIn the same way as
rubella.

Moderately enlarged suboccipital, and posterior
cervical lymph nodes are often palpable as in measles,

and/ .«
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and sometimes even the groins and axillae may he In-
volved. Bradford (Brennerman®s Practice of Pedia-
trics), emphasises that the posterior cervical lymph
nodes may he enlarged both in measles and in scarla-
tina. Rubella may occur, however, without any pos-
terior auricular lymphadenopathy, and the latter, if
It occurs, may persist for weeks, months and some-
times even for years. It is an interesting question,
though an unanswered one to the writer®s knowledge,
whether the virus remains dormant in such glands.
Other superficial glands, e.g. the epltrochlears, may
also he enlarged.

Bennett and Copeman (1940), found generalised
glandular enlargement to.he a prominent feature of the
epidemic studied by them. A few of their cases were
admitted with pyrexia, Tfairly sore throat, and genera-
lised lymphadenopathy, hut no hepatomegaly or spleno-
magaly. The clinical picture apart from the rash
suggested glandular fever, hut white blood counts
showed that the majority of these cases had a lauoo-
penia with a relative lymphocytosis. The adenopathy
remained for ten days or more, and a further blood
count in some of the cases before discharge from
hospital showed a return to normal.

Anderson (1949) produced rubella experimen-
tally in human volunteer# and found that lymphadeno-
pathy may precede the appearance of a rash by as
much as 6 days in some cases. Michael (1908) found
that lymphadenopathy was the last symptom to dis-
appear. The latter author also found splenomegaly
in two out of 80 cases.of rubella occurring in a

children®s institution..
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FIGURE 11.

MEAN LEUCOCYTE COUNTS IN RUBELLA (after Hynes)

Day 1 is onset of rash. The horizontal lines
at the side show the normal mean.

10



138.
(6) THE BLOOD.

The "blood changes in rubella are somewhat
similar to those occurring in whooping cough, measles,
mumps, glandular fever, and agranulocytosis. In the
PRODROMAL stage there occasionally occurs a marked
leucopaenia. When the eruption appears,there 1iIs a
tendency to Ilymphpcytosls, along with the appearance
of a few monocytes. Hynes (1940) Investigated 61
affected adults 'by serial blood counts. Absolute
leucopaenia and neutropenia generally occurred at
first, changing to absolute lymphocytosis on the 6th
day, and a neutrophilic leucocytosis after ten days.
These findings are exactly similar to those occur-
ring in measles. The initial leucocytosis of scar-
let fever contrasts strongly with the leucopaenia of
rubella. With the onset of encephalitis, the blood
picture appears to change to one of leucocytosis.
(Margolis et al,, 1943). In scarlatina, lympho-
cytes are low In number, being 14# or less. Eosino-
phils tend to remain and to rise in number, during
the recovery stage (Mac Bryde & Charles, 1935;

Carrol, 1934)»

Hynes &d not find that the recovery stage of
rubella was associated with a "high grade shift to
the left in polymorphonuclear cells”, as originally
described by Whitby and Britton (1939). MaoBryde
and Charles (1935) found that the Schilling haemo-
gram indicated an increase in the number of lympho-
cytes and monocytes as the rash disappears. "At the
onset, the neutrophils constitute only 60# of white

cells, but there i1s a marked rise iIn stab cells.

The/ . ..
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The appearance of Juvenile forms (metamyelocytes)

Is relatively rare™. These authors found no signi-
ficant .differences between the count In children and
adults. Out of 30 cases, their youngest were two.
aged 7 years. Carroll (1934) also noticed a con-
stant post-infective lymphocytosis commencing about
the fourth or fifth day and often paralleling the
lymphocyte rise.

MacBryde and Charles also found that eosino-
phils tended to remain in their normal numbers, and
not to disappear as in most other acute infections.
They may aeaxrtn10$ between the 3rd and 6th days, an
average of 2$. The highest figure recorded by Hynes
was .770 per cubic millemetre, between the 6th.and 11th
day. (Normal, 150-400 per cubic millimetre). The
basophils remained numerically unchanged, Tiirck
cells were always present, commonly numerous, and
reach a peak about the fourth day.. Plasma cells
were also common in the first week. The earliest
form of Tiirck cell which was seen most usually at
the outset, 1is a large oval cell, 25 to 30 microns in
diameter, with a nuolous of 15 to 30 microns. The
nucleus has a well formed, fairly light reticulum
with 2 to 5 prominent nucleoli. The cytoplasm is
lilac and often vacuolated, or exhibits a clear space
at one side of the nucleus. These cells actually
differ from lymphoblasts. As the disease progressed,
more mature Turck were seen, eventually exclusively.
As the cell matures, it becomes smaller, the nucleus
loses its nucleoli, and it condenses, thus finally
emerging as a typical plasma cell. S

Plasma/. ..»
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Plasma cells were present in from one.half to

two-thirds of patients during the first week. The
plasma oell 13 an oval cell about 8 to 14 microns in
diameter, with an eccentric nucleus, 5 to 7 microns in
span, showing cart-wheel chromatin condensation.
The cytoplasm is deep lilac in colour with a clear
space on the central side of the nucleus. Hynes says
that only cells strictly conforming to this descrip-
tion should be regarded as plasma cells, and linter-
mediatel cells should be classified as Turck cells,
not as plasma cells. American authors do not stress
the,point about Turck cells so much, as the latter are
non-specific and may be present in measles, too.
Oarrol (1934), who Included all types of plasma cells
in his blood counts, found them in all of 30 cases of
rubella, whether relatively severe or mild. He thinks
they begin .to appear during the prodromal stage of lymph
adenopathy. There are not often plasma cells iIn roseola-
infantum (Zahorsky, Brenneman’s Practice of Pediatrics).
The erythrocyte sedimentation rate was iIncreased
in 25% of cases, (Hynes 1940) and there are no serolo-
gical diagnostic tests. The Paul Bunnel reaction 1is
negative. According to Hynss, a leucocyte count is
sufficient to distinguish between rubella and scarlet
fever, but not between rubella and measles, MacBryde
and Charles however, do remark on the tendency towards
a lower percentage of lymphocytes and a higher neutro-
phil count with Juvenile forms in measles. Carrol
(1934) confirms the tendency for an early variety in
the genetic scale of cells to appear in rubella, and
he got a picture of general confusion and disorder in
the blood of measles as regards, size, morphology and
staining. Hynes states that the characteristic blood

picture/. ..
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picture in glandular fever, together with a positive
Paul Bunnel reaction serves to clearly distinguish
infeotious mononucleosis from rubella. Hoxirever, it
should be remembered, too, that the Paul Bruneil re-
action may only become positive at a late stage, or
during the recovery stage of infectious mononucleosis
(Tidy, 1948).

MacBryde & Charles remark on the fact that in
drug or toxic rashes, the total leucocyte count may
go up slightly, with a slight rise in neutrophils and

stab cells and usually also iIn eosinophils.

(7) THE URINE.

Michael (1908) examined 76 cases of rubella
for albumin and diazo reaction, but these tests were #
positive in only two cases, namely, one who had rubel-
la following on chicken pox (incompletely recovered),
and the other, a marasmic baby aged twenty months.
In the first case, the diazo reaction was positive on
the first day only,.and iIn the second case was posi-
tive for three days. The diazo reaction occurs in
typhoid fever (from the end of the Tfirst week to the
end of the second week), miliary tuberculosis, scar-
let fever, pneumonia, and erysipelas (Boyd, 1944).
It was pointed out by Kennedy (1942), that even a
small dose of sulphapyradine results in a positive
diazo reaction, although this is not the case with

sulphanilamide or sulphaguanidlne.

(@ INAPPARENT ATTACKS.

Habel (1942) transmitted rubellp to rhesus
monkeys by inoculation of blood and nasal washings
via the nasal, subcutaneous, intraperitoneal and in-

travenous routes. Fever and leucopenia usually
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occurred within 8 days, and the virus could then he
recovered from the blood, although sometimes a rash
was not present. HIro and Tasaka (1938) transmitted
rubella to children by the subcutaneous injection of
filtered nasal washings from typical cases. Of 16
children presumed susceptible, 4 developed typical
rubella, but 2 showed characteristic leucopaenia with
lymphadenopathy and no rash whatsoever* .

The National Research CounOil England (1938)
noted in one school that,.during a rubella epidemic
with an attack rate of 17.1%, 539 boys were still at
school and»ot attacked in 1933, when the rubella
attack rate was 20.4# in "new" boys, . The conclusion
iIs, that either these immune boys had never shown
clinical infection in 1953, or their original attacks,
possibly pre-school, had been so miJd as to have been
overlooked,

Floystrup (1923) reported "inapparentl infec-
tion in his child 2.weeks after definite exposure to
infection in school. There was no rash except for a
few pale macules on the child, lasting for a few hours
but vomiting, conjunctivitis, slight pyrexia and
characteristic lymphadenitis were present. Two weeks
later, the child®"s own brother developed typical ru-
bella. Habel (1942) produced infection in monkeys
from naso-pharyngeal washings taken from a 4 year old
boy in a doctor®s family, who was definitely exposed
to rubella on 3 consecutive days, but who also never
exhibited any rash, only fever, malaise, slight rhini-
tis and posterior auricular gland enlargement. Many
cases of "inapparent” infection are merely cases of
modified rubella, due to the patient®s high resistance

where/ . ...
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where the rash is so fleeting as not to be observed.
Floyatrup!s son falls iInto that category, except that
in this case, the infection was recognised beoause of
the father®s medical knowledge. In South Africa,
amongst the dark-skinned Bantu, rubella rash easily
passes unrecognised, and lymphadenopathy due to other
causes iIs so common, that the diagnosis of rubella is
very infrequently made, if at all.

In the original Australian series, one case in
the retrospective follow-up, was reported of a woman
who apparently got the infection from her husband. He
had never been knoxm to have had the disease (it had
probably been missed I . but he had visited a friend
suffering from rubella. Simpson (1944) writes about
a severe rubella, epidemic in his district, Corset,
England. During this period, 3 anencephalic monsters
were bcrn without any rubella history. Thirty-five,
per cent of the cases with rubella had polyarthritis.

The writer also had a case worth while record-
ings -

A schoolgirl of 14 years was attended for
slight pyrexia. There was an associated lympha-
dencpathy, and a typical rubella rash. The con-
junctivae were slightly pink, but otherwise there”
were no catarrhal symptoms. About 3 weeks after-
wards, the girl®"s mother (aged 41 years) complained
of severe pains involving the larger Joints and
especially the knees, elbows and wrists. There
was no pyrexia and no swelling of the affected
Joints, but the occipital and posterior cervical
glands were enlarged. She had no rash, and gave
no history of one, but the articular symptoms and
the enlarged glands subsided after 8 days and did
not recur thereafter. The case xms therefore
apparently one of -polyarthritis”™ associated with
ir.apparent rubella.

(9) ICHISITAL FORMS OF RUBELLA.
ECCHIMOTIO FORMS of rubella have been described
Xfhere both the exanthem and enanthem are ecchymotic in

character/. .,
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character. (Wesselholft, 1947a)e Such cases pre-
sent also Increased capillary fragility, hut are not
associated with any blood loss from the body or vis-
cera; nor are the constitutional symptoms severe.
The permeability of the capillary endothelium may be
affected in all types of inflammation, and apparently
rubella is not excluded from this vascular effect. A
coppery hue which occasionally._follows a severe erup-
tion is due to such ecchymoses.

One case is described (Schamberg & Kollmer,

1928) in an adult who exhibited severe prodromal sym-
toms for five days, followed by a rash. The latter
was macular in type, appeared below the knees Tirst,
and then spread, upwards with some crescent formation,
finally involving the face on the third day, and dis-
appearing on the sixth. Irregular spread of rash,
involvement of the palms and soles, abnormally long
persistence of the rash, and a fine papular condition
of the eruption have been described (Osier and McErae,

1926) .



CHAPTER IX

COMPLICATIONS.

Complications are rare except for foetal damage
when the mother is affected by the illness early in

pregnancy, and a few other conditions described below.

(O MENSTRUATION.
Menstruation may rarely be delayed or brought

on prematurely.

(@ POLYARTHRITIS.

Polyarthritis, mild in type, may occur a few
days after subsidence of the eruption, Involving the
knees or feet in children, or the fingers in adults.
Such a complication is almost invariably associated
with a mild pyrexia. Potter (1930) described a poly-
arthritis on the 3rd day of the eruption, involving
fingers, wrists, ankles and feet, but unaccompanied by
fever. Geiger (1918) reported 36 cases of arthritis
in approximately 180 cases of rubella occurring in
Ankansas, U.S.A. Simpson (1940) reported a mild
migratory type of polyarthritis in 25 out of 72 pa-
tients with rubella in an English outbreak, and Cope-
man and Bennett (1940) noted the same complication
amongst the British Expeditionary Forces. These ob-
servers found that the muscular pains usually commenced
on about the third day of the disease, though occasion-
ally were dealyed to the ninth day. T>e grades of
severity ranged from transient muscular pains lasting
one or two days, to eases which were indistinguishable
from rheumatic fever. In the majority of cases the
shoulder girdle was affected, but sometimes the gluteal

and thigh muscles Ttfere chiefly Involved. Gregg, 1In

Australia/. ..
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Australia, found In the retrospective histories of
some rubella patients with malformed children, a
story of Joint and limb pains labelled as ™"arthritis™.
Wesselhoet™1 (1947a) oites from the literature a cage

of polyarthritis during the acute stage of rubella.
The present writer has seen two cases in women aged
41 and 45 years respectively, the latter having the

eomplloatlon during the acute stage of rubella.
(3 NEURITIS.

Neuritis is described as presenting itself
clinically by some workers in general practice (Hodge
and Whitney, 1940) although no true cases of neuritis
have been seen in any institution. Oases seen by
Harrison (1940) and Hodges (1940) developed ‘“neuritis”
3 -6 days after the rash. There was pain, numbness,
or paraesthesiae of wrists, hands, Tfingers, shoulders
or ankles, with some weakness iIn about 50% of cases,.
In 4 such cases, the average age Tiras given as 32
years. Possibly this condition may have been arth-
ritic, because there 1is some suggestion of Joint in-
volvement with swelling rather than true neuritis.

The ™"transient motor weakness'™ described,” may also
have been due to disability consequent on pain and
tenderness when the affeoted limbs were moved. It
should be borne in mind, however, .that an encephalo-
myelitis could cause true paresis. According to
Hodges (1940) who saw over 300 cases of rubella, about
half of which were children, adults only were affected
by neuritis. A possible explanation for this is that
the pyrexlal metabolites, and decomposition of infec-
tive material in infectious diseases produces antige- ,
nic substances which activate old centres of healed
lesions (Brock, 1940).
(49 THROMBOGYTOPENIC PURPURA. -
Thrombocytopenic purpura has been met.with.

Up/«...
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Up to 1946, 10 oases had "been reported according to

WesselhoGft (1947a). He cites a case of Pltten,
where thrombocytopenic purpura occurred In a 9 year
old girl with no previous history of hemorrhagic ten-
dencies. Gunn (1933) described a case, also In a 9
year old girl, who however, gave a previous history
of mild nose-bleeds,.since the age of five, but no
other manifestations. There was, in addition to the
thrombocytopenia, a prolonged bleeding.time, a leuco-
cyte count of 13,000 (79% neutrophils). In both
cases, the spleen was not palpable, the purpuric
lesions over the whole body were severe, and epls-
taxis xirs prolonged. After the sixth day there was
complete recovery in both cases. ™o mild cases in
children, reported by Fox and Walton, are also cited
by Wesselhoeft (1947a). One was 1n a nine year old
girl occurring on the fifth day of a mild case of ru-
bella. The platelet count was 40,000 per cubic mil-
lemetre, the bleeding time mope than 45 minutes, and
the petechiae were widespread. Recovery occurred 1in
3 weeks. The second case was a 16 year old boy with
rubella relatively severe and an initial temperature
of 103 degrees F. The petechiae developed rapidly
and spread all over the extremities. Red cells xrere
found in the urine, and recovery occurred in 2 Xxreeks.
In both cases, there was no family history pointing to
hemorrhagic diathesis. Txro cases in adults (Warren
et al, 1946) .made a recovery in 2 months and 5 months
respectively. From the above oase it is obvious the
severity of purpuric complications is not necessarily
proportional to the severity of the rubella attack,
although purpura is one of the few diseases xtfhich, .

occurring/ .».
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occurring concurrently with rubella, 1is aggravated
thereby.

Occasionally otitis media, croup, bronchitis,
with secondary invaders, 'bronchopneumonia™ may even
occur in children. A few instances of glomerulo-
nephritis have been reported and also endocarditis
(Bradford), All of these must he excessively rare,
because resistance to pyogenic organism does "not appear
to be lowered by the disease, and one cannot help
feeling that some of these conditions just enumerated,
mightwall have been coincidental, having existed before
the onset of the exanthem and not aggravated thereby.
As so many of the above complications have been re-
ported in hospitals, Institutions and military camps,
It is obvious.that exposure to other infections may

have occurred,

(5) SECONDARY INFECTIONS.

Secondary Infections are Indeed rare, but
Hamburger (1944) presented evidence to show that the
recovery stage of rubella is associated with suscep-
tibility to streptococcal infection, as follows on in
the case of measles. Wesselholft (1947a) however,
ascribes this to the fact that streptococi may have
been prevalent ip the Hospital from which Hamburgerls
oases were drawn. He, Wesselhoeft (1939) surveyed
100 cases of rubella occurring in patients convales-
cing from scarlet fever, and found no indication 1in
the different age groups of heightened susceptibility
to streptococcal infection. In the case of measles
contracted during convalescence from scarlet fever,
however, he found a much higher incidence of suppura-

tive otitis media in all age groups. He also quotes

Florand/...
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Florand and Fiessenger®s case of steptococcal
septicaemia occurring 6 days after rubella.

In the epidemic of 505 cases investigated by
Humphrey & Ekermeyer (1937) there was an unusual
number of complications and relapses, viz!_

15 cases tonsillitis & 5#
3 § suppurative otitis media - 10#

(Still much lower than the incidence
in scarlet fever or measles.); -

2 cases suppurative cervical adenitis - 10#

(6) ENCEPHALITIS:

This complication usually occurs between the
2nd and 6th day (Briggs, 1935). Harries and Mitman
(1947) mention that certain epidemics of rubella tend
to be complicated by encephalitis, and they make a com-
parison with measles, where there iIs also an associa-
tion between encephalitis and certain epidemics.

Encephalitis is extremely rare, occurring 1in
one in 6,000 cases according to Margolis, ""Wilson &
Top, (1943), which is about the same incidence _for
encephalitis following measles and chicken pox. In
mumps, a benign encephalomyelitis occurs®, of which
the estimated incidence (if carefully looked for) is
given as 11# iIn some epidemics (Fox et al, 1949).

Out of the 14 cases of rubella encepha-
litis described by Margolis and co-workers, 4 were
fatal, and 10 recovered, 6 being very mild. All
the fatal cases, and some of the non-fatal cases
evidenced severe and protracted convulsions, but
the course of the lllness was short irrespective.of
the outcome. The fatality rate xirorks out to 20.8#%,
when 34 cases previously reported are included.

The latter series of 34 had 6 deaths. Death occurred

within/ ...
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within 3 days of the onset of encephalitic signs or
"with striking consistency, 4 days after.the onset
of the disease™. (Margolis et al, 1943). The mor-
tality from this complication occurring in all cases
of rubella based on the above Information, is about
1 in 30,000. The mortality of.rubella in general
is probably about one in 60,000. -All age groups
appeared to be equally susceptible.

The manifestations may be those of
a mild meningo-encephalitis, or of encephalo-myelitis,
but the pathogenesis Iis vague. One theory is that
some latent encephalomyelitlc.virus is aroused into
activity by the rubella agent. Another theory is
that of damage to the central nervous system, either
directly by the virus of rubella, or Indireotly by
dissemination of its toxin. The picture resembles
that of encephalitis associated with measles, chicken
pox, and vaccinia.

Putnam (1941) postulates some allergic mecha-
nism related to the establishment of immunity, causing
disturbed clotting function. He emphasises the
thrombotic and vascular nature of the pathological
findings. And yet, as Wesselhoeft (1947a) remarks,
the onset of the eruption is the result of lowered
capillary resistance in the skin, whereas encephalitic
symptoms may occur after the rash has disappeared,

Davison and Friedfeld (1938) found on
histological examination, a mild meningitis, perivas-
cular infiltration of grey and white matter of the
cerebral cortex, brachium pontis, superior cerebellar
peduncle, dentate nuclei, cerebellum and brain-stem..

These/e. ..
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These lesions, therefore, do not differ from those
seen in any other form of encephalitis, except that
Margolis and co-workers were not able to demonstrate
perivascular demyellnation as is so frequently seen
in post-vaccinal and measles encephalitis. They
found marked swelling of the brain, with flattening
of convolutions, narrowing o°f sulci, pressure cone in
cerebellar region, and generalised capillary hyperae-
mia of cerebral white matter. The cells infiltra-
ting, the perivascular tissues were plasma cell in
type. Mononuclears with yellowish brown® pigment
lirere seen in the Virchow-Robin spaces, and neurone
damage was non-specific iIn nature. There were
capillary hemorrhages especially in the floor of the
fourth ventricle.

There may be any of the usual non-speci-
fic signs of encephalitis, namely, headache, vomiting,
stiff neck, fever, reflex speech aberrations, etc.

In encephalitis, the leucopenia of rubella becomes a
leucocytosis, as was determined in the Detroit epide-
mic; 1942. (Margolis et al). In this outbreak,
stiff and painful neck or extremities were common

(10 out of 14). Diplopiae, bulbar palsies, thickness
of speech, muscle twitching, weakness of limbs, uri-
nary retention, convulsions may be present. Owens
and Greenway (1940) report an unilateral temporary
retrobulbar neuritis with diminished vision in an
adult who was not very ill. Wesselhoeft (1947a)
citeB from the literature a case of Revilloid and
Long, where ™"polyneuritislloccurred in an 8 year old
boy, 10 days after rubella. This child had diplopia,

marked/e.. e
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marked muscular weakness of the extremities and loss
of tendon reflexes, and doubtless was actually a case
of encephalomyelitis. Hodges and Whitney (1940)
observed 15 oases of neuritis, 3 of which were bra-
chial. Even with severe neuritio signs, the patient
need not necessarily appear to be ill, and encephali-
tis if not carefully looked for, may be missed In mild
cases.

The course of the complication is relatively
short, and does not appear to exceed 2 or 3 weeks,
although sequelae may be persistent. Margolis et
co-workers found that in the shortest case, symptoms
cleared up in 8 days, and in the longest case they
cleared up in 120 days.

In cases reported by Margolis and associates,
the cerebrospinal fluid was increased In.pressure to
between 120 and 180 millimetres of water. Cell
counts varied from 8 to 500 per cubic millimetre,
averaging 91, while mononuclears predominated in the
field. Margolis and co-xrorkers further found that
the sugar varied between 67 and 100 milligrams per
100 millelitres.. ,The protein,was moderately raised,
averaging 67.5 mgm. per 100m72.

There is nothing specific about the signs and
symptoms. A history of German measles within a week
prior to the onset of central nervous system signs,
associated with a fading maculo-papular eruption, or
enlarged post-auricular glands is highly suggestive.
A history of exposure should be taken into considera-
tion too. It is worth while freely quoting a typical
case described by Margolis et al., to fix a basic pic-

ture in the clinical Investigator®™s mind t
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A 10 year old.boy complained of headache and
vomiting. His speech had become thick, and he
was disorientated. Six hours after the onset of
his i1llness, he fell suddenly to the ground with
eyes rolling and severe generalised convulsions.
His temperature was 103°F., and he was found to
have a few faded macular spots on the buttocks,
some enlarged posterior auricular glands; and both
Kernig and Babinski signs positive-. He was cya-
notic, and respiration was of the Cheyne-Stokes
type. The cerebrospinal fluid.pressure was 180
millimetres; there were 80 mononucleated cells
per millilitre; sugar was 80 mgm. per cent, and
Pandyts test was plus. There was a history of a
generalised rash for the previous 3 days, without
however, any fever, and he had not been confined
to bed. He remained stuporose for 36 hours, with
occasional attacks of spasticity, tremulousness,
or convulsions. His fever subsided, breathing
became easier, consciousness gradually returned,
and complete recovery occurred. Five days after
the onset of convulsions there were no abnormal
neurological signs.

sequetae: Margolis and his co-workers (1943) noted
that 2 out of 48 collected cases had persistent seque-
lae, namely ataxia involving all limbs, tremor of
right hand, with partial facial paralysis all clearing
completely up to 2 months in the one case, and in 4
months in the other case. The latter case presented
ataxic signs, staccato.speech, and propulsive gait
during the acute stage. This tendency for sequelae
to clear up is in contrast.to what tends to occur
after mea3les encephalitis. In measles encephalitis,
there is a high rate of permanent sequelae, (Ford,
1938), up to 65, and even after.chicken pox, there
are sometimes permanent sequelae. In mumps ence-
phalitis, tfte prognosis is good. (Wyllle and McKis-
sock, 1949).

PRE-ERUPTIVE RUBELLA ERCEPHALITIS: Although most OF
the cases of rubella meningo-encephalitis are reported
in the literature to have occurred subsequent to the
eruption, Margolis et al (1943) mention three cases
where the occurrence of the exanthem coincided with .
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the exhibition of neurological symptoms. However,
Holliday (1950) describes a case of what appears to
have been pre-eruptive rubella encephalitis. A
two-year old girl developed neurological symptoms
three and one-half days prior.to an eruption which
was typically that of rubella. Pyrexia, convulsions,
coma, disorganised movements, muscular twitching and
hypertonia were apparent. Sluggish pupillary re-
actions to light, and ataxia were apparent. No Kopli.™<:
spots were seen. Oases of rubella had been seen 1in
the neighbourhood, and three siblings developed a
disease indistinguishable from rubella. Investiga-
tions were done to exclude the possibility* of lead
encephalopathy, infectious mononucleosis, dysentery,.
uraemia, acute bacterial meningitis and brain ‘“tumour.
The cerebrospinal fluid, when examined on two occa-
sions, was found to be sterile and clear with normal
sugar and protein content. Cell counts showed only
10 and 4 mononuclear cells per millilitre. This
patient.also exhibited the leucocytosls (34,000 per
cubic c.m.) so often seen with the encephalitic com-
plications of the eruptive contagious diseases.

This ohild improved somewhat in hospital, but at a
six months follow-up study, she demonstrated persona-
lity changes and residual ataxia.

IT more such cases are reported, they would
provide confirmative data towards the contention that
post-rubella encephalitis is not of anaphylactic
origin, but rather a definite virus invasion across
the barriers into oentral nervous system territory.
The same writer describes over 20 cases of pre-erup-
tive measles encephalitis, several cases of pre- e
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eruptive roseola and varicella encephalitis, which
data suggest that in these cases the neurological
condition is of virus origin. The probable deleteri-
ous effect of pyrexia on the oentral nervous system as
another cause olf encephalopathy cannot entirely be ex-
cluded however, Harries and Mitman (1947) describe

stiffness.of the neck as a characteristic sign In some
epidemics. Although this finding may have been due

to cervical adenopathy, it is not improbable._that some

of these oases may have a neurological basis.



CHAPTER X.

DIAGNOSIS.

(1) MEASLES (MORBILLI, RUBEOLA).

Measles (morbilli)is under ordinary circumstan-
oes easily distinguishable from rubella. The rash is
more robust, catarrhal symptoms are more evident in
the former, but it must be admitted that in mild cases,
or in modified cases as after the injection of pro-
tecting serum or gamma-globulin, the two diseases may
be indistinguishable clinically. Kopllk spots, if
present, and circumstantial evidence will assist in
making a diagnosis. Other factors of assistance
are, in morbilli, the shorter incubation period, the
pre-exanthematous catarrhal stage, the darker tint
of the eruption and its gradual fading iIn the order
of appearance. A severe measles rash may sometimes .

be followed by branny desquamation of palms and soles.

(@ SCARLATINA.
Scarlatina, i1f mild, is also difficult to
differentiate, as rubella on the second or third day
may present punctlform type of e;nption, most confu-
sing, and probably giving rise in the past to an arti-
ficially created entity called Fourth Disease (Dukes,
1900), supposedly intermediate between rubella and
scarlatina. The scarlatinal eruption is not
"kalaedoscopicl but may occasionally involve the face
on the forehead and temples, where it feels rough to
palpation. Otherwise, there is flushing of the
cheeks and clrcumoral pallor. On the limb flexures,
Pastia’s sign (brown staining and minute petechiae)
IS apparent. The other signs of scarlatina may be..

present/. ..
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1st Day
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Involvement
of circum-
oral region
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Lower limb not
yet Involved

Figure
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FULLY
DEVELOPED
3rd Day
of Rash

Fusing maculo-
papules with
areas of clear
skin between

12.

Diagram showing development of measles rash
(adapted from Harries & Mitman 1947). Note

that the face

including the circumoral area

iIs invaded early and the density of the rash
IS greatest on the face and trunk.
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present, e.g. strawberry tongue, sore throat etc.,
hut it must not he forgotten that in rubella, a
secondary throat infection may he present as 1in
children with chronic tonsillitis, or the fauces may
he injected from heavy smoking. The anterior cervl-
oal lymph nodes rather than the posterior group are
more prone to enlargement in scarlatina than in rubel-
la. Although late peeling under the fingernails is
retrospectively pathognomonic of scarlatina, yet mild
cases of that disease, may never desquamate. A
positive Schultz Charlton test is pathognomonic of
scarlatina.

Small Infants, especially with scurfy scalps,
often have enlarged mastoid, occipital and posterior
oervical lymph nodes, and if a fleeting roseolar or
papular rash of gastro-intestinal, allergic or suda-
mIniferous origin occurs, rubella is apt to he sus-

pected.
(@ ROSEOLA INFANTUM (Exanthum Subitum, "Sixth Diseasel)

Roseola Infantum however, 1is generally confined
to infants up to 2 years, rarely 3 years, and occurs
no doubt more commonly tha.n Is generally recognised.
When occurring in adults, it may.be misdiagnosed as
rubella (James and Freier, 1949). The rash closely
simulates that of rubella, lasting only about 48
hours, and preceded by a stormy 3 or 4 day period of
pyrexia, with restlessness, or misery and even some-
times a convulsion. (Veeder & Hempelmann, 1921)»

The eruption appears Tfirst on the .shoulders and trunk,
and may, in parts,become confluent. It involves the
limbs and face later, leaving the peri-nasal area ...

relatively/. .-



FIGURE 13.

Diagram shewing development of rash
in roseola Infantum.

Note Initial involvement of shoulders
and trunk, later involvement of limbs
and face leaving circumoral region
relatively free.
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relatively free* The maximum concentration of the
eruption is on the buttocks and lumbar region.
(Zahorsky, 1940). Confluence may cause a morbilli-
form or scarlatlniform appearance (James and Freier,
1949). Lymphadenopathy is often mild and genera-
lised, frequently pre-eruptive (Jennings, 1940), but
the posterior auricular nodes are not enlarged. The
laboratory findings may be normal or leucopaenia.with
relative lymphocytosis and monocytosis may occur.
Plasma cells are not commonly found.
(4@ INFECTIOUS MONONUCLEOSIS (glandular Fever).
Infectious Mononucleosis in the early stages
may also be confused with rubella, more particularly
when there is a scattered, pinkish macular rash and
cervical adenopathy. The rash, however, tends to
occur sparsely on the face, if, at all, and more pro-
fusely on the trunk; sometimes there iIs a tendency to
papule formation. In the first few days, too, the
blood picture may resemble that of rubella, but later
there may be an increase of monocytes, and the typical
monopuclear cells with fenestrated nuclei may be evi-
dent. There 1is great tendency for severe faucial
anginal .infection to occur with white fibrinous
exudate. Later the Paul-Bunnel Test may become
positive, and where the Davidsohn modification is em-
ployed, such a positive result is very significant.

(Davidsohn, 193?).

(B) RICKETTSIAL DISEASES.

Rickettsial Diseases, especially Tick-bite
fever and Typhus, in South Africa, should be borne
in mind In considering the differential diagnosis.pf

rubella./. ..



FIGURE 14.

Diagram showing distribution of rash
in Infectious Mononucleosis.

Note sparse involvement of face and
somewhat greater distribution on trupk;r




In TICK-BITE FEVER, a ru“belliform or morbilliform
eruption.may be present and if not diligently searched
for, e»g. in the scalp or external genitalia, the typi-
cal tick-bite may escape detection, thus leading to
difficulties in diagnosis, more especially in mild
cases. _ Enlargement of the regional lymph glands may
provide aclueas toHie whereabouts of the tick-bite.
The agglutination reactions in tho blood only become
positive when the clinical .symptoms are subsiding or
have actually _subsided, 1i.e. usually after the tenth
day of illness.

In this disease, the rash usually begins
appearing from the third to the fifth day* The
macules and papules may be sparse or very profuse
according to the severity of the infection. The
papules appear in fresh crops daily for several days
and they feel shotty to palpation. Their colour 1is
dusky and in addition to the body,which may present
a dusky mottled appearance, the face, palms and
soles are characteristically involved (Gear, 1941).
Fever which 1is usually prolonged from 1 to 2 weeks,
may last only a day or two in mild cases, particularly
in infants and children. Injected conjunctivae are
often present, giving rise to.a superficial resem-
blance to rubella or morbilli. In LOUSE-TYPHUS (as
in Tick-bite fever), there is a tendency for the rash
to Involve the palms and soles as well, and petechiae
tend to be present. The face however, Is not affected.
Prostration is generally marked, and the fever 1is high
with delirium. In children, nevertheless, the.disease
tends to be mild, and the rash often evanescent....

(Gear ,/=-=..



FIGURE

TICK-BITE FEVER

Note generalised maculo-
papular shotty rash In-
volving face, "body, m
palms and soles.

The rash tends to be
dusky In colour.
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LOUSE TYPHUS

Note rash, often petechial
in character Involving

palms and soles, but leav-
ing face free.

When petechial, the rash

is to be distinguished from
that of cerebrospinal fever.
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(Gear, 1941). MURINE TYPHUS.clinically presents as
a milder form of louse typhus. In the typhus disea-
ses, agglutination reactions become positive after
the first week, and latterly complement fixation
tests have been successfully employed.

(6) ALLERGIC RASHES.

Allergic rashes of all kinds are common in
children, and may result from the administration of
drugs, sera, fToodstuffs, etc. There 1i1s a tendency
to whealing, pruritus is intense, and the eruption
tends to "‘wander", Drug eruptions, especially those
following administration of sulpha derivatives, barbi-
turates, quinine etc., lack the "kalaedoscopic™ course
of rubella and may be very irregularly distributed.

In allergic cases, the eruption is more deeply coloured
and "blushing™ than in rubella and there may be an in-
crease in neutrophils or eosinophils of the.blood* A
history of previous attacks is not uncommon.

(™ PITYRIASI3 ROSEA.

Pityriasis Rosea occurs very rarely in children
and tends to last several weeks, although in the early
stage? the rash may superficially resemble that of ru-
bella, The lesions are however, dimorphic, vizi
small irregular pink macules of varying sizes, and
large oval scaly plaques changing in colour fi*cnipink
to fawn, one of which, the "herald spot™, .tends to
appear first, and is larger than the rest. The maxi-
mum distribution is in the trunk, where the lesions
tend to run parallel to the.rib spaces, and in the
proximal parts of the limbs.

(8 OTHER CONDITIONS.
Secondary syphilis may cause a roseolar rash .

with/. ...
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with lymphadenopathy. The lealong are not Itchy,
rarely occur on the face, tend to he coppery, and
are more prominent on the flexor than on the exten —
sor gurfaces. Other signa of ayphllla may be pre-
aent. Erythema Infectloaum (Fifth Diaeaae) apparent-
ly doea not appear to be diagnoaed in South Africa,
at any rate on any epidemic acale. An initial
erythematoua raah with "butterfly diatributlon™ on
the face precedea a polymophoua eruption, on the proxi-
mal parta of the limba gradually extending to the dis-
tal portions and finally aometimea involving the trunk
as well. (Harries & Mitman 1947). Gyrate and annular
patterna are very common, auggeating that the disease
may be a variety of erythema multiforme (Banka H.S.,
1949).

In differential diagnosis, one should always .
bear in mind the poaaibility of a rash being prodromal.
For instance, smallpox and chicken pox are occasionally
preceded by a scarlatiniform eruption. In the latter
exanthem, too, the eruption itself may be maculo-.

papular in the early stages prior to vesiculation.



CHAPTER XI .

RUBELLA ! PROPHYLAXIS AND TREATMENT.

Now that we are cogni zant of the possible
damaging effects which rubella may have upon the un-
born child, the problem of prophylaxis becomes a
practical issue, and one which is part of the growing
branch of ™"antenatal paediatrics'. As soon as preg-
nancy is diagnosed, all febrile illnesses, upsets,
accidents, shocks, etc. Just before, as well as after
conception, should be noted. Likelihood of exposure
to infection should be considered, especially during
epidemics. This is in the interest of both the
patient and of clinical research. A good family
history extending back on both sides, to at least
three generations if possible, should be obtained,
to gain insight into any history of hereditary, or
familial or transmisslbler conditions which might
possibly be confused with the teratological effects
of rubella, should that exanthem occur during gesta-
tion, It has®™ been urged that rubella should be made_
a notifiable disease, and the fact of.pregnancy ocour-
ing at the same time, should be noted. In the
United States, rubella is a notifiable disease, but
according to Margolis et al (1943), only about 1 in
10 cases are actually notified, due to neglect, missed
diagnosis, faulty diagnosis or other causes, so that
control is rendered most difficult Indeed. Aycock
and Ingalls (1946) who found 5 cases of congenital
defect in children after the mothers had had G-erman
Measles during pregnancy, noted that in 4 of these...

cases/ .e.
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oases, the rubella.lInfection had not been reported to
Health authorities*

Women about to become pregnant, or already
pregnant should be protected by propaganda and in-
struction. Patients of all school-going children
with rubella should be Teamed of possible teratolo-
glcal consequences, and in this connection there
should be encouraged a better liaison between obste-
trician and paediatrician. All infectious diseases
occurring in pregnancy, should besides having all
possibly relevant, even apparently trivial faots
noted, be also adequately followed up. More exten-
sive virus research work is needed, and it is to be
hoped that the present intensified virological work
on poliomyelitis, may also shed light on the mysteries
of rubella.

In mumps, bed-rest does not diminish the pos-
sibilities of orchitis, so that in rubella it is un-
likely to affect the incidence of complications,
whether neuritlc, encephalitic, teratologlcal or
otherwise (Wesselhoeft, 1947a).

All cases should definitely be isolated, only
because of the danger to pregnant females. Some
writers have recommended exposure during childhood
especially in females. The danger of such a proce-
dure however, 1is that Infected children may pass the
disease on to their mothers or other females likely to
be pregnant. Many mothers do not know, or remember
iT they have ever had rubella. Wesselhoeft (1947a)
adopts a practical approach when he writes that,
Malthough it is safe to say that an epidemic of rubella

should/ ..,
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should he allowed to run Its course iIn asylums, and

in hoarding schools, and in such colleges as can he

isolated for the tire being, the same statement cannot he
postulated for day-nurseries, kindergartens and day- .

schools, or colleges situated in metropolitan centres™¥
Communicability «<jours Just prior to the
eruption, a$d diminishes rapidly with the disappearance
of the rash. Thus 1isolation measures during the
eruptive period are not very successful althougi they
should be carried out nevertheless* During an epi-
demic, enlargement of the posterior auricular glands
alone may he grounds for quarantining a suspected
case of rubella (Geiger 1918)*
According to Barenberg et al (1942), pooled
sera prevents rubella in children for an unknown
period, but there_are certain dangers pertaining to

such agents, viz:-

(€)) Reactions due to the large quantities of
serum required to be used, although
Barenberg and his co-workers rarely ob-
served any reactions;

() possible infection of child with homolo-
gous serum Jaundice;

(©)) if used upon the mother in the early stages
of pregnancy, there exists the possibililjy
of altering the protein metabolism of the
mother with.consequent deleterous effects
upon the foetus (see Gilimanls work,

Chapter XI111) .

Barenberg and co-workers, iIn an American
Hospital, from 1934 to 1937 used pooled parental
blood serum intramuscularly_for the routine prophy-
laxis of contagious disease. During this period,
they maintained a medioal paediatric ward constantly
open and free from outbreaks of contagious disease,
whereas in the surgical paediatirc ward, used as a

control, (no prophylactic serum being employed), .-

there/. ..
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sthere was an annual loss of 34 hospital days due to
contagious disease. They emphasized* too, that al-
though it is rightly recommended to isolate all
clinical cases, yet sinoe the incubation period of
communicable diseases varies from 5 to 21 days, 2 or®
3 days detention in an observation ward of the hospi-
tal will not suffice to exclude all such oases from .
developing exanthems after admission to general wards.

They also studied the effect of the pooled
parental serum upon children with a positive Schick
reaction, and they found that the Schick reaction ..
was reversed, while the.blood antitoxin titre rose.
(Barenburg et al, 1940). Human serum protected one
half of the children for over 20 weeks, whilst in
the other half, (a younger age group), Immunity lasted
for 3,2 weeks.

From 1938 to 1941, their technique was to in-
ject intramuscularly into the buttock of.every child
admitted, over the age of 3 months, 30 c.c. of either
the pooled parental serum,.or later, pooled bank
plasma. (Barenburg et al., 1942). When a case of
primary contagion occurred, all the children not
having had plasma within the previous 10 days,, were
re-inoculated with the same amount of plasma as soon
as they reached the 10th day following the previous
inoculation. The problem was to confer protection
once the incubation period had been iInitiated, and they
found a significantly lower incidence of infections
than in the control group. As they say, ''considering
the fact that the epidemic of measles in 1940-41 was
the most widespread in the history of New York, and
that very few children esoaped the disease, the low.

incidence/. ..
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Incidence of primary cases ............. Is almost
Inconceivableu (in the wards where prophylactic serum
was being used).

It was also pointed out that there may be a
vast difference between the serum obtained from a
person with low antibody titre, and pooled serum
containing a higher concentration of antibodies.
They consider 5 - 6 cc. of convalescent measles serum
sufficient for protection if given early in the incu-
bation period, but unfortunately, except iIn the case
of diphtheria, it is Impossible to measure the anti-
body titre of the exanthemata and other sontaglous
diseases so prevalent amongst children. As the
initial infeotion confers passive immunity for ten
to 14 days, an additional injection was given to
patients.not receiving an injection 10 days prior to
exposure. In the first 2 days of the incubation
period, small amounts of serum will modify the
disease, while large amounts protect. After the
fifth day, larger amounts rarely protected.

As regards rubella, the same iInvestigators

wore faced with presumptive evidence of the
efficacy of pooled serum. A resident medical
officer and a ward attendant went down with rubella.
However, all the children except 2 (who had previous-
ly had definite measles, and hence had not been inocu-
lated like the rest within the previous 10 days),
escaped the disease, notwithstanding the fact, that
when rubella develops in a ward, there 1is great
difficulty in stopping the spread, and these children
had been exposed to rubella repeatedly and intimately

durirg/....
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during its most infectious stage.

The value of gamma globulin iIn preventing
rubella appears to be doubtful. Greenberg (1947)
cites two series of cases. In the one group of 40
infants between the ages of one and two and a half
years, who had been exposed to rubella, every alter-
nate child was inociiiated with 5 cC* of gamma globulin
one to four days after exposure. Six children, all .
controls, developed German measles Il to 19 days later.
However, the group studied was too small, and the ex-
posures in an institution too irregular © draw defi-
nite conclusions. In fact, In the other series
cited by Greenberg, 29 out of 58 exposed children in
an institution were injected with 2 cc. gamma globu-
lin. In from 12 to 23 days after the inoculaftons,

5 cases occurred In tbe injected children, and 7
cases in the controls. Was the dose of gamma glo~
bulin perhaps too small? Or is it not a very effica-
cious prophylactic agent? Gamma globulin extracted
from convalescent serum was given to 22 presumably
susceptible pregnant women all of whom had been in
proved or possible contact with rubella. Although
none developed a rash, the evidence in favour of the.
efficacy of gamma globulin is still not overwhelming.
Nor Is it certain that it will modify an induced in-
fection without interfering with subsequent immunity
(Lancet 1948).

McLorinan (1949) obtained encouraging results
in 63 pregnant women by inoculating them less than a
week after contact with rubella. He used an indivi-
dual dose of 2 millelitres of gamma globulin derived

from the sera of 55 patients in a Naval Depot convales-

cing from German measles. The average time of

collection/ ..«
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collection was 23 days after the attack, and the
gamma globulin fraction was prepared showing an eight-
fold concentration of antibodies commonly found in
pooled serum. This serum was given over a 12 month
period to 63 female contaots, who with 3 exceptions
were in the first four months of pregnancy. Most
were given the serum less than seven days after con-
tact, and fifty-eight showed no symptoms of rubella*
No reports had been received from five others. Up
to the time of McLorinan’s report, 13.had been
delivered of apparently normal babies. Two had
aborted hydatidiform moles at four and a half, and
five months respectively. In all but one of the
others, pregnancy appeared to be progressing satis-
factorily.

McLorinan admitted that there might be a doubt
as to whether all the infected persons with whom
contact had been reported, were definitely suffering
from rubella. Nor was it certain whether any of the
women, who had been treated with gamma globulin, had
not had rubella previously. He also mentioned the
possibility of some of these treated women having
developed subolinical attacks of rubella, which might
yet be associated with teratogenous effects.

At present, it would seem that the answer lies
in the perfection of a vaccine of modified rubella
virus, which would produce immunity without being com-
municable. IT sexual reproduction does occur 1in
virus as is claimed (Delbruck et alter, 1948) then we
have another potential mechanism for creating such a
beneficial .variant strain,

F.M. Burnet, et al. (1948) on the basis of...

successful/. ...
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successful experimental transmission of rubella to
volunteers by filtered throat washings, which can be
kept active indefinitely.by refrigeration, has proposed
mass active Immunisation. He suggests the 'possible
lity of a seaside holiday camp where a woman could
spend a fortnight.to be immunised without any risk of
infecting otherslL Such ,a procedure hardly seems
to bo practicable, however. The danger of artificial
immunisation by means of infective material, lies in
the iInadvertent transmission.of other virus diseases,
as for example poliomyelitis.

Also, 1In considering the prohylaxis of rubella,
the use of a mask in special circumstances, and such
a mundane method as the application of soap and water
on the hands, should not be forgotten, because the
possibility exists that a virus may be transferred from
nose or mouth of one patient to another susceptible
person via the intermediate contamination of the hands.
(Wesselhoeft, 1946). A mask, too, once adjusted
should never be touched with the hands.

Should a woman who has developed rubella in
early pregnancy be therapeutically aborted? This
question 1is discussed at a later stage (See Chapter
XX1)

Post-rubella encephalitis is a rare complica-
tion, but one which should always be looked out for,
especially as residua may only become obvious after
the acute symptoms have passed off, Of such residua,
the most important are personality changes. The
major problem facing such children is readjustment to
their social environment, and this applies to the .
teratogenous effects of rubella in children as well.

As/
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As a result of the childls illness, adverse environ-
mental factors may arise which.not only affect the
child, hut its parents as well. Financial and
social embarrassment may consequently ensue, and the
unity of the xiriole family may be threatened as a re-
sult of an abnormal child within its midst. The
child too, has to establish relationships with indi-
viduals who fail torealise that they are dealing with
a sick child. Hence early recognition of such
oases is urged &o that prophylactic mmeasures may be
taken to help the family as a whole. One should
assess.the time needed to keep such children out of
school. Since great iImprovement tends to occur in
the first year following encephalitis, a year®s vaca-
tion may bp advisable iIn many cases. (Spragins et
al., 1950).

There is to date, no evidence as to what
value are the newer antibiotics such as aureomycin,
terramycin and chloramphenicol in the prophylaxis
of rubella, or the treatment of severe complications

such as encephalitis.



CHAPTER XI1I.

TERATOLOGY.

1. CONGENITAL DEFECTS: DEFINITION AND INTRODUCTION.

It would "e advantageous at the Loginning to
indicate most clearly what is meant by the term '"conge-
nital™. "Congenital™ implies present at birth, even
if not manifestly so to the naked eye, and the term has
no aetiological significance at all. The opinion is
held in this thesis, that whenever an abnormal process
at birth is demonstrable, whether by biopsy, radiology,
laboratory or later autopsy findings,.the term '"conge-
nital, may be applied in description. Sometimes a
distinction is made between 'congenital™ disease,

(where the accent is on the pathological process), and
oongenital 'anomaly', "defect"”, 'malformation™, 'defor-
mity” (where the a,coent is iIn iIncreasing degree accord-
ing to the term used, placed upon the morphological as-
pect.) A foetus with very marked malformations is
called a "monster'™, and the scientific study of the ab-
normal end products of embryological development is
termed "teratology” (Arey, 1946).

Included under the term "congenital™ as defined
above, aro the group of injuries 1inevirred by the foetus
while iIn the prooess of birth itself. To distinguish

these, they are better.called "birth traumata"™ or "natal”

or "neonatal diseases'™, . Examples are:-
Fractures: e.g, of clavicle, extremities,
skull, vertebrae, Jaw, etc.
Visceral rupture of lungs, liver, brain,
Injuries: etc.
Haemorrhage: cephalhaematoma, haema.toma of

sternomastoid, intracranial
haemorrhage, adrenal haemorrhage,
soft tissue injury, caput sucoe-
daneum, etc.

Peripheral/....
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Peripheral e.g, Erb-Duohenne, Klumpke

Nerve Injuries: Paralysis, sciatic palsy,
facial palsy, eto.

Post-anoxlo e.g. cerebral palsies after

Injury. long labour, narcosis during
parturition, tso-immunlsatlon,
eto.

Many cases of mental deficiency have their origin pre-
natally in non-genetic causes. After the birth of
such mentally defective children it is often difficult ,
and sometimes Impossible to determine into which group
the case falls. Yannet (1950), in a study of insti-
tutionalised defectives assessed that about 45%.of
oases were due to gentically determined factors.

About an equal number, 46%, were due to factors opera-
tive, before birth, but of unknown or questionable na-
ture. Here he i1ncludes mongolism, congenital cere-
bral palsy, and undifferentiated types. Thus almost
90% of all admissions to the institution were due to
developmental anomalies resulting from a wide variety
of aetlological prenatal factors. Only about 10%
were caused by natal and postnatal factors, there be-
ing twice as many of the latter group.

Congenital disease, apparently often repre-
sents, the expression of foetal injury short of causing
death. Thus nmeafllfifl may be lethal and cause an abor-
tion, while German measles.which is a milder iInjurious
agent causes malformations. All forms of Interference,
whether chemical, nutritional, infective, actinic, etc.,
alter the environment in such a way as to retard growth
and development in a greater or lesser degree. The
interfering agent may act Just once as in the case of
rubella or X-radiation, or be chronic iIn nature as IiIn
the case of syphilis or nutritional deficiences.

- Nutritional/. ..
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Nutritional deficiencies, however, are rarely powerful
enough to cause malformations. Thus a severe diabe-
tic may be sterile; treated with insulin, she may
conceive though abort* or if she has viable off-
spring, there is likely to be a higher incidence of
congenital malformations amongst them. Or the gene-
tic constitution may be such, that the best environ-
ment we are able to provide to da,te, cannot save the
foetus. For example, a hetrozygous individual with
brachyphalangy is viable (one dominant factor in the
germ cell); yet a homozygote cannot survive (two
dominants). So we see again, both genetic or envi-
ronmental upsets may cause the same type of malforma-
tion. The stage of embryonic development, or acti-
vity, at which the organism iIs attacked, tends to .
determine the nature and extent of the malformation.
Thus rubella may produce cataract, microcephaly, or
congenital morbus cordis, depending on which struc-
ture, at the time of iInfection, 1is hardest hit. Un-
fortunately, today, many external factors and many
genetic factors causing anomalies are unknown or ill-
understood.

Common misapprehension is to regard congeni-
tal as hereditary. While some hereditary disease
may be congenital, they are not invariably so. A
child may be born with congenital syphilis, for ex-
ample, but does not Inherit it, inasmuch as the di-
sease is not based on genetic factors, .but on infec-
tion acquired from the mother in utero. The spiro-
chaetes pass from affected organs iInside the mother,
through the placenta, and infect the child antenatal-

ly, so that syphilis is manifested at birth, or later

in /.=__.



178.
in childhood. In the latter case, the process Is

still congenital, being deduclble as such by various
methods. Obviously In such cases the division be-
tween congenital and postnatal disease is very fine,
and rests upon the demonstration, 1In one way Or ano-
ther, of the particular morbid process, at birth,
With better diagnostic methods, in future we shall
probably find more cases to be of congenital origin,
which are now regarded as post-natal.

In syphilis, the father cannot directly pass
on the disease to the foetus, without first infecting
the mother; the sperm cells are j'ot affected geneti-
cally. Even though the disease may rarely reappear
in a child in the third generation, it iIs acquired by
infection from a congenitally syphlitic mother. Thus
a congenital disease may be Itransmitted™ through
three generations, without actually being hereditary.
Of course independant infection may occur in the third
generation.

In congenital syphilis, the mother harbours
the disease in either manifest or latent manner. The
father may also have a latent infection, becoming so
spontaneously, or as a result of insufficient treat-
ment; or he may actually have been cured, thus appear-
ing to be normal at the time of his child"s birth,

Juat as in the past, infants used not infre-
quently to contract syphilis from wet nurses, so, to-
day many European infants contract the disease from
handling by infected Bantu servants; and such cases
are sometimes mistakenly regarded as being of conge-
nital origin. However, the history, search for a

primary chancre (easily overlooked in an infant), and

clinical/...-



clinical and serologloal studies of the affected
child, its parents and all contacts, will provide the
correct answer. Of course, older children, usually
above the age of 10 years may occasionally acquire the
disease by sexual contact (Smith, 1949), and the fact
that syphilis of congenital origin may only become ma-
nifest later in childhood, tends to confuse the issue.
Henco it behoves the investigator very carefully to
evaluate his findings before coming to a conclusion
regarding the aetiology of syphilis in a child.

A mother suffering from primary syphilis has
about 90# ohance of transmitting the infection, so
that abortion will take place, or a diseased foetus
be delivered. Syphilis is, however, not a common
cause of early abortion (ifhlpple & Danhorn, 1938),

In late pregnancy, however, maternal infection may be
consistent with the birth of a child who appears.to

be normal, only to manifest the disease later on.
Generally speaking, the less active the disease in

the mother,%the more likely is the foetus to have the
malady in a milder form, i1f not to escape it altoge-
ther. However, latent syphilis iIn the mother 1is no
guarantee against infection in her child, and although
there is a tendency for the disease to manifest itself
in lesser and lesser degree with.each successive preg-
nancy, this is not invariably so. The classic se-
quence of events is that of abortions, stillbirths,
syphilitic and then normal children,but an infected
woman may give birth to a syphilitic child after first
producing a normal one. In fact, syphilitic children
have been born 15 to 20 years after the mother original”

ly became Infected. Early treatment of the mother 1in
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pregnancy reduces the risk of transmitting the disease.

It is Important to note that a child with
congenital syphilis may have a negative serological re-
action, because it has not yet had time to develop al-
lergy or sensitivity to the infection. On the other
hand, a congenitally positive test may result from
maternal antibodies being transferred into the foetal
circulation iIn the absence of any foetal infection..
Diagnosis 1is made on radiologica.l and other groundsi
After 6 months,the tests are extremely reliable in con-
genital syphilis. Oases responding to anti-leutic
theraphy may yet continue to have a positive serology
for several months. Repeatedly doubtful reactions in
childhood, iIn the absence of previous theraphy, are al-
most .invariably due to causes other than syphilis.

(e.g- malaria), because serological reversal cannot occur
except over a very long period.

These observations about congenital syphilis
are dealt with at some length, as they serve so well to
illustrate the difficulties encountered In separating
effects produced by Nature and Nurture. Here we have
a disease, which is congenital; and in which the acquired
type may be mistaken for the congenital form; which may
be Mfamillaln, affecting several sibs; which may "skip"
several members; where the parents may appear outwardly
normal while pawsing on the disease; where a positive
serological reaction may be ™"inherited* at birth from
the mother; where ™"pleiotropic™ and "lethal™ action may
be demonstrated in different sibs; and where the disease,
*concealed” at birth, may show up later in childhood.

And yet, in this disease where the sins of the fathers are

visited upon the children,heredity plays no part,
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(2) GENERAL SURVEY OF CONGENITAL MALFORMATIONS.

Mall (1917) 1is reported by Gates (1946) to
have studied 1,000 pathological embryos, and to have
discovered that they aborted in the first half of
pregnancy, while, nearly all embryos with slighter
malformations also aborted before the middle of preg-
nancy, relatively few reaching full term. Landtman
(1948) found 19.5% of the mothers of malformed child-
ren had had previous abortions as against 7.5% in the
oontrol group withput malformed children. He also
observed that ante-partum haemorrhage occurred more
often in pregnancies resulting in the birth of de-
formed children. The incidence of this disorder was
20.5% and 4.3% respectively in the two groups.
Worcester et al., (1950) also found a higher rate of
threatened abortion amongst mothers of deformed child-
ren. They consider Investigation is needed to deter-
mine whether prenatal bleeding is a cause or effect
of malformation.

Primogeniture, multiple births etc.

Macklin (1938) investigated further 1420
reports of congenital malformations, and found heredity
to be the most important aetiological factor. Among
72 pairs of twins, in 32 pairs, both twins were
affected and the sex distribution of the other 40
pairs.indicated that they were mostly DZ (dizygotic)
Types. In 311 families, there were 2 cases of mal-

formations per family, and in 80% of these, the two

anomalhs/. ...
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anomalies were identical. The evidence here, 1is
therefore very strongly in favour of hereditary fac-
tors. McFarland and Meade (1932) support these ob-
servations by their work with MZ (monozygotic,
"identical') twins.

Stillbirth?
Murphy (1940) surveyed 130, 132 births in
Philadelphia over a 5 year period (1929-1933):

Malformations 1476 - 1.13# =

7,478 Stillborn ? 222 cases (2i197#)[had
122,654 live born ? 668 cases (0.54#)(malfor-

11.0,132 total births. mations .

Malformation in stillborn x"ere thus 5.6 times
more frequent than in liveborn. About 25# of the
congenital malformations were in stillborn. One in
213 of liveborn of this series showed congenital ano-
malies (0.5#%)

Many oauses of neonatal deaths are the same as
for stillbirths, and it is found, that where the still-
birth rate is high, the neonatal mortality is also
high (Baird 1945). Congenital abnormality as a cause
of nepnatal mortality varies to some extent with the
stillbirth rate, since it has been shown that as the
stillbirth rate falls,.the death rate from congenital
malformation increases. Presumably this is due to
a greater number of ipfants with anomalies being born
alive instead of dead.

Murphy also found that :- Malformations in
Negroes were half the rate in whites in spite of their
low economic level. (Miller, 1950, also found a
lower incidence of malformation iIn Negroes.) There
was no higher rate of malformations amongst illegiti-

mate births.
In families/ .«..
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In families with a malformed child, the birth
of a second is 25 times more frequent than in the
general population.

Murphy stated that the mothers of malformed
children were not unhealthy, but older mothers appeared
more likely to produce a malformed child. Landtman
(1948) also found that the mean age of the mothers
with malformed children was significantly higher than
the maternal age of controls xfhere there were no mal-
formed progeny, Worcester et al (1950) found that
the mothers of defective infants, and the neonatal
mortality of normal iInfants show* the same association
with advanced maternal age, From their data, hoxir-
ever, these workers were unable to establish a rela-
tionship between age of the mother and the Incidence
of congenital malformations, except in the case of
mongolism.

Malformations were slightly more frequent in
the lower soclo-eoonomlo groups according to Murphy
but there appeared to be no relation to chronic ill-
ness, or syphilis of the parents &t time of concep-
tion.

Types of Malformations;

In 6.9 per cent of cases, a congenital malfop-
tion was found in the family of one or both parents.

In families with 2 malformed children, the.defect was
identical in 50 per cent of cases (Murphy).

Murphy*s widespread survey disclosed that of all
types of congenital malformations, 60% were in the

central nervous system, chiefly:-
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Hydrocephalus (with or wihout spina
bifida),
Menlngoooele,
aniorachischisis,
cephalocoele,

encephaly,
Microcephaly,
Mongolism.
Worcester et al (1950) found polyhydramnios
to occur in 10%$ gf pregnancies which resulted in a
malformed infant. Sixty per cent of pregnancies
with polyhydramnios were found to result in anence-
phaly.

alimentary system: 46.9% of malformations of the

gastrointestinal tract were pyloric stenosis.

(Murphy) . '
pyloric stenosis 46.9% *
atresia of oesophagus, smallgut, or anus 24.7$%

SKIN —-MUSCLE-SKELETAL SYSTEM: The distribution of

different types of anomalies within this system were

_Cleft palate and hare-lip : 44,7%
(accordiggagmrdbgiiyiy: (abdomen not closed): 13,6%

Malformations of extremities : 11.7%

Hernia or absence of diaphragm : 6.7%

Dislocation of hips: 3.6%
Other Factors: ,

Murphy®s survey was comprehensive and Included
observations on diet, use of tea, coffee by mother,
menstrual irregularities, pelvic inflammation in the
maternal parent, and many other factors. He found
that, "in families containing two malformed siblings,
the subsequent defective child is more likely to be
born later in the family than it is to be the next
child in order of birth to the first defective sib-
ling. In families possessing congenitally malformed
children and in which miscarriages, premature births
and stillbirths occur, the latter are usually likely

to ocour/, ...
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to occur close to the time that the malformed child
Is horn rather than very early or very late In the
reproductive life of the mother. Many mothers did
not conceive after the "birth of their defective off-
spring; none of this.group was under observation for
as long as five years* Every woman who was followed
for that length of time experienced, during or after
that period, one or more subsequent conceptions.
This observation suggests that any fear of giving
birth to a subsequent malformed offspring failed to
prevent.conception after a five year period had
elapsed. The normally developed.siblings exhibited
no unusual morbidity or mortality.M

Murphy (19405 also found that very few of the
mothers with congenitally deformed offspring had used
contraceptive vaginal douches. There was also no
unusual frequency of placenta praevia, nor did season
of year appear to affect the incidence of anomalies.
(These 1investigations xrere done from 1929 to 1933,
i.e. before the widespread rubella epedemics).
Worcester et al (1950) found a certain seasonal re-
lationship for malformed infants xrhose defects re-
quired presumably more than one month for development.
Such defective infants showed higher birth incidence
during the third and fourth quarters of the year.
Conception and organogenesis is therefore related
(in U.S.A.) to times xiren respiratory diseases are
common. Certain malformations appeared to affect one
sex more than the other.

As regards the mothers of congenitally deformed
children, Murphy found their diets to be significantly
lacking iIn adequate amounts of calcium, phosphorus,

iron/....
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Iron and vitamins B, O and D. Landtman (1948), in
his series of oases iIn England, did not find vitamin
deficiency to be a significant factor iIn the produc-
tion of congenital malformations. Worcester et al
(1950) found twinning to oocur with approximately
twice the expeoted frequency in stillbirths as com-
pared with ordinary births.

During pregnancy, the most commonly observed
physiological abnormalities, according to Murphy,
were.polyhydramnios and abnormality of foetal move-
ment. Of all the malformed individuals studied,
90% were either stillborn, or died within the first
year of life. Although i1t has long been known
that children may be born underweight after toxae-
mias of pregnancy, Landtman (1948), and Worcester and
co-workers (1950) found the toxaemias to cause no
greater incidence of abnormalities than in healthy
controls. Worcester et al (1950) found 21 per
cent of mothers who gave birth to infants with mul-
tiple anomalies, suffered from chronic illness, as
compared to 9.9 per cent of mothers in the total.,
series. They did not find maternal heart disease
to be an important factor in the aetiology of conge-
nital defeot, but hyperemesis seemed to be related
to a higher incidence of anomalies.

Murphy also found wide differences between
the ages of the parents to be of no significance,
nor did he find any correlation between the inci-
dence of OQngenital anomalies, and the occupation of
the father. It is iInteresting to speculate about
the possibly increased incidence of congenital anoma-

lies/.it*.
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lies in the future descendants of radiologists.
Cantarow and Trumpar (1944) give figures which show
as unusually large proportion of stillbirths occur-
ring in the children of fathers exposed to lead. |In
9.5 per cent of cases of congenital cardiac disease
with adequate records, the father®s occupation iIn-
volved continued exposure to lead, as in the case of
painters, or workers in battery plants,. This evi-
dence 1is suggestive, but not conclusive.

The vast majority of mothers had uneventful
pregnancies, so that maternal morbidity only affects
the iIncidence of congenital anomalies in a minority
of cases. G-enetio factors are actually the most im-
portant aetiological agents, and, although in the
succeeding sections of this work much space is devoted
to rubella as an aetiological factor, it is Important
to retain a correct sense of proportion iIn regard to
its frequency as a natal crippler. For instance, in
late years, 1t has been assessed that, iIn cases of
congenital morbus cordis, only about 1 per cent of

cases can be traced to rubella (Dogramacl & u-reen,

1947).

On the other hand, the seriousness of congeni-
tal malformations as a cause of neonatal death can be
realised from figures provided by the United States

Bureau of Census (Children®s Bureau, 1941.)

COMMON/ . ..«
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COMMON CAUSES OF DEATH IN THE FIRST
MONTH OF LIFE -

1941
TOTAL NUMBER OF DEATHS - 69,559

NUMBER PER CENT

CAUSE OF DEATHS OF TOTAL
1, Premature Birth 32,278 45
2. Injury at Birth 10,662 15
.3, Congenital Malformations 7,947 12
4, Respiratory Diseases 3,444 5
5. Q-aStro-enterlc Diseases 1,412 2
Deaths represented in this group 55,793 80

On the above figures, the actual percentage of
neonatal deaths caused by congenital malformations
should be upwards of 12 per cent because many of the
prematures falling to survive the first month of life,
probably had serious congenital anomalies as well.
Prematures are also more susceptible to the effects
of birth Injury. Spence and Miller (1939) point out
however, that in England, at least In one-third of the
total cases of Infantile deaths, the causes of morta-
lity as recorded on death certificates are Inaccurate;
and in the United States some similar error must ob-
tain. Nevertheless, if congenital anomalies could
be eliminated, much wastage of life and suffering
could be spared.

In fact, Miller (1950) found an even higher
Incidence. Miller gives figures obtained from an in-
vestigation made upon the incidence of congenitally

determined defects and diseases in the neonatal popu-
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lation at the University of Kansas Medical Centre*
Histories of all infants weighing 1000 gm, or more
and horn from 1944 to 1948 inclusively with congeni-
tal defects or disease, were reviewed. Out of 4095
conseoutive births Including stillbirths, 89 or 2.2
per cent were found to have either congenital malfor-
mations or diseased states caused.by maternal syphi-

lis, diabetes or iso-immunisation. Twenty per cent of

the stillborn infants, 394.9 per cent of the neonatal
deaths and 1.3 per cent of the surviving infants were
either congenitally defective, or had s e disease re-
lated to prenatal <conditions in the nether. Most ¢ f
these 39 infants had sone congenital defect. There Were only 23 O0f
these who had either congenital syphilis, erythoblas-
tosis foetalis or were born to a diabetic mother;

the remaining 66 had congenital defects. A further
analysis revealed that the Incidences of congenitally
determined diseases and defects were both higher.in
premature infants than in full term infants, viz. 7
per cent in premature.infants as against 1.6 per cent
in full term children. It was also found that more
white infants had prenatally determined diseases than
did Negro infants, largely because there were more
white iInfants who had erythoblastosis foetalis. The
incidence of congenital malformations was about the
same in both races, although 16 of the 36 Negro in-
fants with anomalies had supernumerary fingers. If
only severe malformations were taken into account,.
then white infants had a higher Incidence of these.
There was a high iIncidence of ONS defeots which
corroborates the findings elsewhere. -

Congenital/. ..
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Congenital abnormalities associated with dia-
betes mellitus In the mother were according to
Warkany, (1947) and other Investigators,
as folloxirs:

Harelip, agenesis of gall bladder, septate
uterus and vagina, agenesis of left femur and fibula,
syndactylism, double ureter, hydro-ureter, hydroneph-
rosis, cor blventrlculare, hypoplasia of aorta,
tLcuspid pulmonary valve, anencephalus, agenesis of
kidneys, ureters and bladder, and persistent pupil-
lary membrane. One or many of the above defects were
found in 7 out of 19 autopsies on children born to
diabetic mothers. Barns (1941) also lists congenital
heart disease, deformity of the arm, and abnormal
vascular supply to the lower limbs as occurring in 3

children of 21 diabetic mothers.



CHAPTER X111.

TERATOLOGY (Continued)

PATHOGENESIS -OF POST-RUBELLA CONGENITAL
MALFORMAT IONS.

H. Spemann (1938) and others working on
amphibian embryos showed that sublethal noxa, such as
cyanides, alcohol, heat, cold, ultraviolet light, and
alkaloids applied to the developing embryo may produce
structural anomalies due to interference with cells
which are rapidly dividing. Not all parts of the
embryo are growing at the same rate, and hence the
ill effects of noxious agents would appear to depend
on the stage of embryonic development. Those cell
masses which are proliferating most rapidly, are
electronegative relative to those parts where proto-
plasmic activity is at lower ebb. Susceptibility to
poisons can be shown to be direotly related to the ex-
tent of metabolic activity, cellular proliferation,
and electronegativity. Such active regions are the
first to succumb to poisons in high concentration,
although with low concentrations, they may be the
quickest to become ™acclimatisedl (Lancet 1947).

In mammals, the effects of X-Rays, trypan blue

(Gillman, 1948), and other noxaeare being studied.
The evidence seems to point to the fact that the type
of induced anomaly is related to the stage of develop-
ment at the time of injury, .rather than to the nature
of the noxious agent itself.

The mode in which the rubella agent induces
pathological lesions in the foetus has not been eluci-
dated. Is 1t transplacental invasion by the virus it-
self of embryonic tissues? Is it transplacental pas-
sage of toxins? Or is it disturbed maternal metabo-

liswv". ...



192.

IIsm consequent on Infection of placenta or maternal
tissues?

There is established in the human embryo at the
end of the second embryonal week, a completely closed
blood circulation with a heart, two aortae, an umbi-
lical artery anastomosing in the chorion with two um-
bilical veins. At this® stage, when the developing
organism is only 1.3 millimetres long, there is already
a barrier formed between the mother and embryo, where
an excharge of substances takes place. Mobile germs
such as Bemrtlia rccurrcntis, Eberthe Ila typhosus,
and plasno”i-u-n natariae ulay penetrate the placenta
with only transitory or slight epithelial lesions.
Other mobile organisms such as Treponema paiiidun,
however, cause severe placental changes. Some Immo-
bile organisms like the tubercle bacilli, pyogenic
cocci and leprosy bacilli, can by epithelial destruc-
tion pass through the chorion into the foetal circu-
lation. Filtrable virus , especially chicken pox
has long been known to be transmitted to the newborn,
and hence may imply passage of the organism through
the placenta.. A case of congenital rubella has even
been reported. Presumably the small size of virus
particles is a factor in their possible transplacental
passage by some process of absorption with ultra-fil-
tration, and differences iIn permeability may be related
to the molecular size of different viruses. (Werthe-
mann, 1948),

Goodpasture (1942) inoculated the virus of
herpes simplex and vaccinia into the chorio-allantoic
membrane of the chick embryo. Widely disseminated. ...
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areas of focal necrosis within the embryo were subse-
quently noted, whereas the same viruses implanted into
adult hens produced no effects at all. Similar experi-
ments performed on chickens produced only mild lesions.
Experimentally, the virus is found to affect tissue
much more when the latter is in an active state of
proliferation, and this result is consistent with the
findings in rubella. Gallagher and Woolpert (1940)
demonstrated that mammalian tissues (rabbit) were much
more susceptible to virus infection in the embryonic
than in the adult state.

On this basis, the iInference is, that when the
rubella virus attacks the embryo after the organogene-
tic period, the disease in the embryo resembles that
in adults, modified of course, by the peculiar environ-
mental circumstances obtaining in the embryo, jfcuring
the organogenetic period structural defects may origi-
nate due to arrested or impaired development. For
example, measles may be congenital; even a case of
rubella in an otherwise normal Infant has been reported
at birth; smallpox contracted by a pregnant woman
after the fourth month of gestation, produces pock-
marks in the child, visible at birth; syphilis con-
tracted by a mother in pregnancy may cause, in the
child, congenital lesions resembling adult lues. The
fact that cp,,taract and deaf—mutism do not commonly-oocur to-
gether after foetal rubella is also significant in
view of the fact that the eye and ear do not begin to
develop In the embryo at the same time.

Brown (1944) discusses the question of post-
rubella defects occurring through the virus attacking
the adrenal gland. He produces evidence in favour of

the/...
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the embryonic adrenal cortex controlling the development

the brain, .and probably also of the heart and other
structures. It has long been known that anencepha-
Ilo monsters are born with abnormally small adrenals,
(Boyd 1944), and according to Brown, major congenital
defects are associated with only one constant locus
of abnormality, viz. a hypoplastic adrenal cortex.

A normal embryo, on the other hand, has a very marked
adrenal cortex, and the gland itself is larger than
the kidney. Furthermore, post-hubella infants gxir
many signs suggestive of adrenal hypofunotion, name-
ly, retinal pigmentation, anorexia, asthenia, sus-
ceptibility to infection, and persistent thymus.

Other symptoms possibly related to hypo-adrenalisn are,
arrested development and prematurity, immaturity,
pyloric stenosis, glaucoma and mongolism. It should
be noted, hoxirever, that the embryonic adrenal gland
does not function along the physiological lines of
later life (Swan, 1949b).

Mesodermal elements and ectodermal elements
would seem to be particularly susceptible to the
action of rubella virus. Apparently not only cell-
proliferation, but also cell differentiation, are
factors concerned. The lens and cochlea are fre-
quently .involved, as is the mesoderm of the cardiac

anlage. Gregg observed a dry, scaly, eczematous
condition of the face, scalp, and limbs, very resis-s
tant to treatment, Hypospadias also occurred.

(The distal part of the urethra is of ectodermal
origin.) Dental defects also probably originate in
ectodermal _.anlages; but high, arched palate., large

anterior fontanelle, spina bifida occulta, bifid

sternum/. ...
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sternum, TFusion of radius and ulna, talipes equlno-
varus appear to Te mesodermal In origin. The faot
that cell differentiation is occurring, appears to

he Important. In microphthalmus, both ectodermal
and mesodermal structures appear to he affected, hut
are they affected concurrently, or is the anomalous
development of the one dependant on the arrest of the
other? In other words, are some of the deformities
not the result of Interference with secondary or
tertiary organiser action?

The high incidence of cardiac lesions after
maternal rubella, and the occasional demonstration
of sclerotic lesions iIn the kidneys, (Swan, 1944)
suggests that the rubella agent has a strong affi-
nity for Vascular tissue. Involvement of the lens
with oataract formation, has been ascribed to secon-
dary effects following damage to the hyaloid artery.
G-regg’s original observations, that the worst cases
of maternal rubella tended to show the worst foetal
abnormalities, has not been substantiated In the
light of recent work.

Are the cardiac lesions associated with
maternal rubella, the result of a foetal endocardi-
tis? Farber and Hubbard (1933) point out that
cardiac malformations may be divided into two groups.
The first, comprising severe disturbances of struc-
ture, Is caused by a primary abnormal development.
The second group consists of stenoses or atresias
of ostiums in otherwise normal hearts, and may be
produced by endomyocarditis in the embryo. G-ruen-

wald (1947) has said that microscopic study of the..
latter/. ..
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latter group has sometimes supported the theory of
Inflammation folloxtfed by flbrositis and calcification.

Abnormalities of the.blood vessels are In
general relatively frequent. The inferior venae
cavae and many retroperitoneal veins are subject to
considerable anatomical variation. The complex
pattern of the embryonic veins rather invites varia-
tion i1n development, but hereditary anomalies of veins
are recorded. Gruenwald (1947) also discounts the
theory that abnormal renal vein vessels oause dysto-
pia of the kidneys, because it is now known that per-
manent renal vessels only develop.after the Kkidneys
have reached their final location. In early chick
embryos, as a result of anoxia, riboflavine defici-
ency and other causes, abnormalities of the extra-
embryonic vessels appear as forerunners.of complex

malformation syndromes. (Byerly, 1926).

Abnormalities of the blood and blood-

forming tissues may be primary, on a genetic basis,
or secondary to other defects, where the anaemia 1is
compensa.ted for by excessive extramedullary blood

formation. In chondrodrystrophy where there is iIn-

sufficient space in the skeleton for marrow, abnor-

mal blood-forming tissues are found.

Ingalls (1948) noted that in 12 out of 77
cases of congenital encephalo-ophthalnio dysplasia
there were, 1In addition to the eye and cerebral de-
fects, also single or multiple haemangiomata in the
skin, and in 1 fatal case, gelatinous masses of
haematomatous tissue were found at the base of the
brain, A significant correlation was found to .

exist/. ...
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exist between the ocular and other lesions, and
maternal toxaemia and placental haemorrhages. These
maternal disturbances occurred during the.second
trimester of pregnancy, or a little later. At this
period, under normal conditions, the differentiation
of the primary vitreous is completed, and its sheath
di§appears- This suggested that this process of iIn-
volution is assisted by foetal anoxia resulting from
maternal toxaemia, or placental haemorrhages at such a
time. IT this hypothesis 1is correct, it might also
explain the occurrence of ordinary cutaneous haeman-
giomata, and also of the rare Lindau®s Disease, where
there is retinal and cerebral angiomatosis. The

same theory of arrested development of particular
tissues leading to aberrant growth, 1is applied in
explanation of the multiple deformities iIn the ocu-
lar lens, heart and brain that occurs in the develop-
ing foetus after maternal rubella; only the different
distribution and character of the defects may be due
to the noxious agent operating at an earlier period
of .development, namely the first trimester of pregnan-
cy.- The multiple defects of mongolism, occurring
also at an early stage of foetal life, are also ex-
plained by the same theory of arrested development of
the tissues due to vascular faults, and subsequent
failure of oxygen supplies. In mongolism, congenital
encephalo-ophthalmic dysplasia, and post-rubella con-
genital defects, 1is postulated a common basic defect,
x/hich may be caused by different agents (e.g. bleed-
ing, toxaemia, infections, multiple or premature
births), and which may produce different patterns of

defects/. ..



defects according to the stage of development, the
severity and site of the lesions, and the secondary
changes. Genetic factors apparently play no signifi-
cant part in the production of such anomalies.
Worcester et al (1950) found that 39.4 per cent of
mothers who gave birth to congenitally deformed child-
ren, had haemoglobin levels below 75 per cent, thereby
also suggesting an anoxic aetiological factor.

Several interesting questions have arisen. In
the first place, it is a remarkable fact that the un-
usual type of cataract following rubella has never .
been noticed before Gregg"s memorable investigations.
There are Wo likely alternative explanations for
this. According to the first h}pothesis, German
measles had been so iInfrequent in years prior to 1941,
as to allow a vast non-immune population of suscepti-
bles to arise, whilst wartime conditions Tfacilitated
spread of infection. Thus it was that considerable
numbers of women were attacked in early pregnancy,
giving rise to an abnormally high incidence of.that
special type of cataract hitherto unrecognised.

This theory is the most probable, but other writers
postulate an unusual virus strain as.the producer of
such syndromes of congenital disease. In support of
this, they also describe the prevalence of sore
throats in Australia coincident with the rubella
epidemics. They also refer to Fox and Bortin®s cases
(1946), where there was apparently a lower iIncidence
of congenital abnormality following rubella. How-
ever, the sore throat epidemics in Australia appear

to have been an infection where the organism Haemophi-
lus influenzae predominated, as established by cultures
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(Swan et al 1943), and such cases were quite unrelated
to rubella. One female in Swan®"s series who contrac-
ted such a throat condition.early iIn pregnancy inci-
dentally had a normal child. Meanwhile from all
parts of the world evidence has collected to show that
rubella apparently affects the incidence of congenital
abnormality in a fairly uniform manner. Fox and
Bortin®s results are possibly the nature of "flukes';
nor can errors of diagnosis be excluded, as the

series was very small, (12 cases). Workers 1in

Sweden (H. Gronvall et Selander, 1948) also found that
the incidence of congenital anomalies after rubella
appeared to be lower i1n Sweden than iIn" Australia, and
Atlee (1937) states that school Medical Officers have
recognised two types of rash in rubella, namely a
macular rose rash and a punctate scarlatiniform
eruption. However, the same cases properly followed,
often exhibit a change from the one type of rash to
the other on successive days, thus indicating a
single infection with a pleomorphic eruption
(Wesselhoeft, 1946).

At first, doubts were even expressed as to the
identity of that febrile illness in pregnancy which
lead to cataract and other deformities, but the evi-
dence now is quite conclusive that the Australian
exanthem was in fact rubella, and that rubella has
since been demonstrated time and again to have defi-
nite teratogeneous effects. By retrospective inves-
tigation, Beswick et al (1949) established the fact
that maternal rubella caused congenital abnormalities
even before the Australian epidemic in 1940. They
quote 3 cases where the mothers had rubella in.1936,

and/ .o e.
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and 1930. All the children of these pregnancies were
deaf, and had various other stigmata associated with
post-rubella children, thus indicating that the con-
nection between maternal rubella.and congenital de-
fect iIn the offspring is not new. L*Etang (1947)
referred to a case of congenital deaf-mutism in a

male aged 65 years whose "mother always insisted it
was due to the fact.that during pregnancy she suffered
from G-erman measles.” G-ronvall and Selander’s state-
ment that rubella has a lesser teratogenous effect in
Sweden than iIn Australia, may be based on the lower
incidence of the disease in Sweden, axL hence fre-
quent non-recognition of the condition. G-erard-
Lefebvre and Merlen (1948) state that rubella in .
pregnancy 1is rare in France, and very mild iIn type.
Candlotti (1949) makes the observation that rubella

iIs more prevalent amongst.Anglo-Saxon races and com-
paratively rare in France. Such a lessened incidence
of the exanthem Wodﬁd provide lesser opportunities for
post-rubella cohgenital defects to be recognised, and
to be correlated with the maternal infection.

The very low virulence of the rubella virus
appears to be.a factor in the production of congeni-
tal anomalies. Elsewhere (Chap. XI11()) reference
has been made to the fact, that as the stillbirth
rate falls, the neonatal mortality rate from congeni-
tal deformities increases, presumably because more
infants with.anomalies are born alive instead of dead
(Baird 1945). A more virulent organism such as the
measles virus will probably kill the foetus, and lead

to an abortion, whereas a less virulent organism such
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such as the rubella virus infects the foetus
more mildly, permitting it to live, but disorganis-
ing its development, thereby producing malformations.
Occasionally only, 1is the infection lethal.and
abortion is induced in the case of rubella.

To establish whether post-rubella defects
in the embryo are caused by actual virus infeotion,
attempts should be aj.de to inoculate the virus into
susceptible pregnant animals and to note the effect
on the offspring (Swan, 1949M). In this connection
the work of Habel (1942) 1is important. He demon-
strated that i1t was possible to infect rhesus monkeys
(Macaca mulatto) by throat washings from human cases
in the eruptive stage of rubella. Such monkeys
should offer excellent material for experimental
study. At the same time possibly, work could be
done on the physiology of the placenta and the role
that it plays in infeotions, and its status as re-
gards disturbed metabolism in the foetus. Attempts
should also be made to obtain autopsies on all cases
of abortions, miscarriages and stillbirths following
on maternal rubella.

Swan et al (1946) attempted to prove that
the post-rubella syndrome was the result of actual
intra-uterine virus infection, by ohoving
that children suffering from the syndrome are immune
to natural infection. In a follow-up study of 49
patients whose mothers had had rubella during preg-
nancy, 9 had contracted whooping cough, 8 measles,
and 2 mumps. Only one child had contracted rubella,
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and she"was free from congenital defects. This
series was, however, small, and as Swan (1949b) sug-
gests, the crucial experiment xrould he to demonstrate
that children congenitally deformed as a result of
maternal rubella in pregnancy, and not having suffered
from a postnatal natural infection(are immune to the
disease according to the technique of Anderson (1948)x
Xirhereby iInfective washings are sprayed into the sub-
ject"s oro-pharynx.

With regard to the question of transplacental
transmission, some possibilities arise. The amniotic
fluid appears to subserve metabolic and physiological
functions apart from being a cushion or shock-absorber
(Clement Smith, 1945). Congenital anomalies iIn new-
born rats have been produced by injecting the mother
rats with trypan blue. Mohn and Witebsky (1948)
claim that Rh antigens are detectable iIn most samples
of amniotic fluid,

G-1llman et al (1948) point out that the con-
genital cardiac defects after rubella of pregnancy are
usually patent foramen ovale or patient ductus arterio-
Sus. The fact that these physiological, (for the
foetus) structures persist after birth, suggests that
rubella is.bound up In some way with the embryo~s
metabolism. They have shown that the injection of
trypan blue into pregnant rats produces abnormalities
in the offspring, although the dye cannot be demon-
strated in the tissues of such offspring. Either it

changed into a form not recognisable, or it does
not pass the placental barrier to any great extent.
In actual fact, it was only found In the yolk-n&cs of

the/ .. ..



203.

the affected young. These workers were prompted to
use trypan blue, by its binding effeot on plasma
proteins, anticipating thereby to interfere with the
metabolism of the developing embryo. That their
hypothesis may be correct, is suggested by the
appearance in the pups of treated female rats, of a
whole series of abnormalities ranging from eye, ear,
skull defects, tail defects, umbilical hernia, iIm-
perforate anus, arm dislocation, hip dislocations,
meningocoele, to commoner defects such as hydroeepha-
lus, and spina bifida.

Their dosage of the dye could with fair nice-
ty be regulated to increase the incidence of conge-
nital anomalies iIn rats, and constitute a warning to
all those Xito lightly Introduce all manner of foreign
substances into the bodies of women during the
gestation period, especially by Injection. Timing
of the injections affected the Incidence of abnorma-
lities, but a most significant feature was the fact
that preconception injections of trypan blue in-
creased the incidence of malformations in the off-
spring. Injection of the dye 16 days before con-
ception, was folloxred by birth of pups with Jaundice
developing i1n the first three days of neonatal life.
Rats injected the day before conception, showed a 25
per cent Incidence of abnormal offspring; rats in-
jected 7 days before conception and 7 days after
conception yielded as mucft as 80 per cent incidence
of abnormal pups. Such evidence may shed light on
the reported cases of congenitally malformed children
born from mothers who were attacked by rubella pre-

conceptionally.
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These authors say, "we have devoted considerable
attention to the structural and.biochemical changes
in our trypan blue treated rats. Striking changes
may be detected. Severe anaemia, IiIncreased sedimen-
tation of the erythrocytes, hyalinisation of the glo-
merulil of the kidney, fatty changes in the liver cells
and a remarkable concentration and peculiar modifica-
tion of the round cells in the portal tracts of the
liver; gross enlargement of the adrenal, associated
frequently with splenic and lymph gland enlargement
were constant findings. Such morphological distur-
bances merely served to demonstrate the extent of the
changes at the chemical level.

"It is in this settling that the rat becomes
pregnant, that the fertilised ovum is transported
along the tube to the uterus to implant itself and
there to embark on the first stage of a perverted
life track™.

The period of greatest vulnerability to try-
pan blue in the rat and to rubella in the human,
appears to coincide with active differentiation of
the somites as well as chorionic attachment to the
decidua with.contact between its villi and the mater-
nal blood, i.e. when nutrition of the foetus becomes .
s
highly dependant on the mother®s placental metabolism,
There is however, more to the problem than this, as Swan
and Tostevan have Indicated. In rubella, for exam-
ple, one eye may be seriously deformed, while the
other is apparently normal. However, the apparent-
ly normal eye, while not showing any changes at the

morphological level, may yet have undergone change at

a/
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a bio-chemical level. An analagous condition occurs
in chick embryos where there Is often a temporary lag
In the development of the left eye. When the head Is
turned to the side, and the left eye is further from
the egg-shell than the right eye, It receives less
oxygen by diffusion than the right eye which is direct-
ly underneath the shell. Such a set-up may predis-
pose one eye to Injury more so than the other (Cairns,
1941). So also, might a difference iIn the embryonic
blood supply to each eye. -

Moreover, in the rat experiments, @lliman et
al., 1948), some of the offspring may appear perfectly
normal, others may be born under apparently similar
conditions, grossly deformed, a fact particularly
astonishing in the case of the.rat, where litters of
8 or 10 are produced at a time. That all of these
seemingly normal offspring did not entirely escape
injury, however, seemed to be borne out by the fact
that some of them x"ere less fertile, or less hardy,
or did not survive long, or themselves produced lit-
ters exhibiting high mortality rates, or jaundice in
an abnormally high percentage of cases. These workers
therefore suggest that such evidence of persistence of
disorder in the second generation may shed light on
hitherto unexplored factors causing puzzling discre-
pancies in genetic statistics.

In the light of the trypan blue experiments,
and in the light of virological knowledge, certain
other interesting possibilities arisei-

(D The virus may attack the embryo earlier than
the mother, owing to possibly increased sus-

ceptibility of embryonic tissues;

)/
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(@ The virus may take time to pass the placental
barrier, and hence may affect the embryo
AFTER the mother;

() The virus may enter the mother preconoeptually,
and remain dormant in the maternal tissues, to
attack the embryo at a later date. Oases have
been recorded, which suggest that such actually
happens (see Chapter XXII).

The importance of metabolic and other extrinsic
factors in the aetiology of congenital malformations
ig further developed in the discussion on mongolian
Idiocy (see Chapter XI1X), Miller (1950) points
out, that statistics show an increase in the frequen-
cy of pyloric "stenosis with increasing age in the
mother . However, there is high incidence of consan-
guinity amongst the.parents strongly suggesting re-
cessive inheritance. Therefore, 1in the case of
pyloric stenosis, there appears to be a connection
between the genetic constitution of the foetus and
variable Intra-uterine environment, provided by
mothers of different ages. The penetrance of the
child®"s genotype is low where it develops in a
younger, higher when in an older mother. Similarly,
it is not impossible that such definite environmen-
tal teratogenous factors as X-Ray (and even rubella),
may produce effects varying with the particular gene-
tic constitution of the foetus.

Post-rubella syndromes vary in different cases
in a puzzling xtfay. In the laboratory too, typical
and atypical malformations may also occur, and the
results produced are dependant on which of the mecha-
nisms were involved, at which time and place.

Another factor pointed out by G-ruenwald (1947) 1is the

reparative power possessed by the living organise

even/ .. ..
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even in the embryo. Defective parts may even be
partially restituted, ((if the set up ia not against
such a process), with.the result that an atypical
defect comes to light. G-ruenwald.quotes replacement
of the extirpated lens in amphibia. The new lens

is not formed from the superficial ectoderm (cornea)
but from the upper portion of the iris which is nor-

mally nbt concerned with lens formation.



CHAPTER X1V

TERATOLOGY (Continued?
GENERAL SURVEY OF POST RUBELLA CONGENITAL DEFECTS.

1. INCIDENCE OP DIFFERENT ABNORMALITIES AFTER
MATERNAL RUBELLA. -

Swan et al (1946) summarised the anomalies found
In Australia amongst 120 cases as shown below. In 68
out of 118 mothers, the infection had been.diagnosed
as German measles by medical praotitioners.

ANOMALY NO. OF CASES.

Microcephaly 62

Heart disease 52

Deaf mutism 48 (one child

deaf only)

Cataract 18

Mental deficiency 5

Strabissmus

Inguinal hernia

Cryptorchism

Spina bifida occulta

High arched palate

Mongolism

Speech defect

Epilepsy

Cleft palate (soft)

Pyloric stenosis

Buphthalmus

Hypospadias

Hycirocoele

Bifid sternum

Spastic diplegia

Bilateral optic atrophy

Lack of closure choroidal fissure
of the eye

Naevus

Horner®s syndrome*

Hemiparesis

Unilateral hernia

Obliteration bile ducts

Azygos lobe lung

Fusion upper end radius and ulna

Talipes equinus

PRPRPERPEPERPNNNDNDNOORA®W
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TOTAL NUMBER OF CASES: 120

Conte et al (1945) analysed (by a questionnaire method)
135 ca.ses of congenital anomalies where there was a
defihite history of virus infection occurring during

pregnancy. All were rubella except 2 cases, one of

influenza/.e-
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influenza and one of mumps respectively. Except for
3 cases, the rubella occurred before the third month
of pregnancy and the incidence of defects was as
follows

80# had unilateral or bilateral cataracts

62# had mental deficiency
57# had heart disease

54# had cataracts plus heart disease
38.2# had multiple anomalies
Abel and van Dellen (1949) Inserted a request
in a health column of an American publication for re-
plies from mothers who had German measles. OFf the
90 odd replies received, 82 were regarded as accept-
able. As there were 2 sets of twins in the series,

84 children were under consideration. The defects

found iIn order of frequency were j

Congenital heart disease 19
congenital cataracts -~ 17
deafness 14
mental deficiency 7
malformed teeth 5

Gastro-intestinal, spinal and skeletal defects
occurred iIn lesser numbers.

It must be emphasised that all.the above in-
formation was obtained retrospectively.

Swan (1949a) in a reoent, excellent and ex-
haustive review of the subject of post-rubella defor-
mities, lists a considerable number of miscellaneous
defects found after pregnancy, complicated by rubella.
Many of these may well have been coincidental, but
they are all recorded with references (J.Obstet. and

Gynaec. Brit. Emp., 56: p.360 : 1949).

Skeletal/. ...



Skeletal system:

Large size anterior fontanelle, 5 cases
deformed faoe, 1 case
malformed ear lobe, 1 case
malformed concha, 1 case
atresia of auditory canal, 1 case
widely curved maxillary arch with
gross narrowing of mandibular arch, 1 case
absence of zygomatic arch, 1 case
high arched palate, 4 cases
peculiarly long trunk, 1 case
spina bifida occulta, - 3 cases
spina bifida, 1 case
bifid sternum, 1 case
malformed rib, 1 case
fusion of upner ends of radius and
ulna, 1 case
Madelung®s deformity, 1 case
arachnodactyly, 3 cases
dislocation of hio Joint, 1 case
talipes valgus, 3 cases
talipes equinovarus 2 cases
talioes varus, 1 case
displacement of fourth toes, 1 case
Muscular System*.
Amyotonia, i 1 case
poor muscular toil? 2 cases
poor muscular co-ordination 2 cases
Nervous Svstem:
Agenesis of corous callosum, 1 case
hydrocephalus, 2 cases
epilepsy, 2 cases
spastic diplegia, 1 case
Horner®s syndrome 1 case
G-enito-urinary tract:
Cryptorchidism, 6 cases
hydrocoele, 1 case
bilobed Kkidney, 1 case
bicornuat® uterus, 1 case
hypospadias, 4 cases
Hernia:
Umbilical hernia, 4 cases
Inguinal hernia, 4 cases
Resoiratory system:
The anomalies were limited to 1 case of
azygous lobe of a lung.
Digestive system:
Pyloric stenosis, 4 cases
obliteration of bile ducts 1 case

Palated/e=-
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Palate;
Cleft of soft palate, 2 cases
completely cleft palate, 5 cases
Skint

Naevus was noyed in 5 cases. Dermatitis
was noted "in a few cases'.

Blood Diseases?

Anaemia 4 cases
purpura 1 ease

In the United States, Miller et al (1949)
apart from finding cataract and the usual eye defects
after rubella, also list the following ocular ano-
malies amongst children whose mothers had rubella

actually diagnosed during pregnancy by a doctor;

G-laucoma (6th - 8th week of pregnancy),
Agenesis of optic centres of brain (9th - 12th
iireek),
Bilateral hemianopsia (13th week or after),
Retrolental fibroplasia (I13th week or after).

In such cases where rubella had actually been
diagnosed clinically during gestation, they also

found recorded in addition to the usual rubella ano-

maliest-

Hypogonadism )
Umbilical hernia -) (5th - 8th week of
Hypertrophy left ear ) pregnancy
Hypertrophy left breast )
Hypoplasia maxilla with )

failure to erupt second)

right upper molar ) (©th - 12th week)
Malformations of hands )

and feet )

Where maternal rubella had been diagnosed
retrospectively by history, in addition to anomalies
previously noted,the following unusual defects were
found, mostly in association with the "rubella syn-

drome I*

Clubfeet/
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Clubfeet

chorio-retinitis
chorio-retinal atrophy
strabismus

webbed fingers

anomaly of 4th rib

cretinism

mongolism

micrognathia u
contracted Achilles tendon (bilateral)
congenital pes equino-valgus
meningocoele

hydro-ureters

Lande (1950) also by retrospective investiga-
tions, found in addition to the usual ™"post-rubella
defects 11,

Large deformed ears,
spasticity of extremities,
hypotonia of extremities with hyperacti-
vity or absence of deep reflexes,
convulsions, jerking spells and petit mal.
McLorinan (1949) mentions the possibility of
a relationship between rubella in pregnancy and hy-

datidlform mole.
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2. INCIDENCE OF CONGENITAL DEFECTS ACCORDING TO
THE STAGE OF PREGNANCY WHEN RUBELLA WAS
CONTRACTED.

Swan, Tostevan and Black (1946),In their 1942-
1946 summary> (give the following figures, as re-

gards all anomalies in South Australia

TABLE Il : Defects Correlated to Maternal Rubella.
: Month of Pregnancy No. of cases \ No. of children:
t abnormal ) 5
| Month preceding {
3 conception 2 ] o
<
1 1st month after
jJj conception 20 E 13
Jj2nd do, 42 40 \
J 3rd do. 23 J 21 \
i
Jj 4th do. 8 J 7 T
| 5th do. 7 4 \
| 7th do. 5 { 2 i
| 8th do. 3 2 |
| 9th do. 2 1
t
TOTAL 118
For first trimester m 04 per cent.

The following table liras compiled by Aycock &
Ingalls (1946).
TABLE 111.

Series of one hundred cases congenital defects fol- j
lowing maternal rubella. i

Month of pregnancy: 1 2 3 4 5 6 7 8 9

Carruthers (1945) 2 8 6 3 1
Swan et al (1943) 12 19 10 2 !

Erikson (1944) 7 4 _

Reese (1944) 3 [

Rones (1944) 1 1 2

Green & Dogramacl (Grasn and Dogramacl (1946):- ;

Albau(%94§%945) g z é Paper published in 1947; se

Krausg (1945) 1 4 Dogramacl and Green (1947))
TOTALS : 30 42 22 5 1 j

Incidence i1 94% In first 3 months of pregnancy.
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According to Investigations done up to this
time, it appeared that rubella contracted in early
pregnancy provided an almost 100$%$ incidence of conge-
nital anomalies, (actually 94% S see table above).

From reports of infectious disease made to the
Health Authorities in Milwaukee, (where rubella is a
notifiable disease), Fox and Bortin found 152 married
women with a history of rubella, 11 of whom contracted

the exanthem during pregnancy with the following re-

(1 hydrocephalic still-born foetus

First 2 months : (1 hydrocephalic "blue baby",

5 women >  (later becoming normal spontaneous-
ly.

Between 2nd &

4th_months no congenital defects.

4 xiromen

After 4th month:

no congenital defects.
2 women

Aycock and Ingalls (1946) applied the same
method iIn Massachusetts. Out of 1300 cases reported

to the authorities they found 4 Instances of rubella

in preghancy:

TABLE 1V.
i Case 1 Length of pregnancy Result
J before rubella

1
1 1 1 2nd month normal baby.
! 2 : 2nd month mental retar-
i dation .

3 : 4th month normal baby j
| 4 ; 9th month normal baby

j (12 days antepartum)

Both these series add up to a total of 11
cases of rubella in the first 3 months of pregnancy.
Out of the 11, there are 3 abnormal infants:

1 spontaneously subsiding hydrocephalus
1 hydrocephalic stillborn

1 mentally retarded.
Three/. ...
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Three abnormals out of 11 equals a 27# morbi-
dity rate. Fox and Bortin do not consider the
Ispontaneously subsiding hydrocephalus™ as an abnor-
mality. Aycock and Ingalls further criticise the
figures on the following grounds. They,, themselves,
collected 7 cases, 2 of spontaneous abortion, and 5
of congenital defects. Of the latter cases, only
one had been Oported to the Health authorities, there-
by indicating that the figures cannot be accurate 1in

respect of cases notified.

TABLE V.
Lengths of pregnancy Reported
Case before rubella Defect to Health
Authori-
ties
1 2nd month Deafness No
2 2nd month Mental retarda-
tion No
3 2nd month Heart disease No
4 1st month Cleft palate Yes
5 2nd month Cataract, heart

disease, deafnes s No

Summarising, we Tfind, that the incidence of
congenital anomalies following rubella varies from
90# In Australia, to 27# in the United States on the
basis of the above figures. However, Wesselhoeft
(1947™) points out.that the figures given previously
in relation to trimester of pregnancy do not reflect
the true position, because of the relatively small
number of normal infants born.to mothers who had
rubella in the last trimester. Actually a larger
number of normal babies would have been expected, if
susceptibility to teratological effects of rubella
diminishes with stage of pregnancy. One might be
able to explain such an apparent anomaly however, by

the/....
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the fact that many of the mothers whose children were
abnormal, may have looked back into their pregnancy
to search for a cause. Wesselhoeftls unified figures

are as follows:-
TABLE VI.

\ RELATION BETWEEN STAGE OF PREGNANCY AT ONSET OF
RUBELLA AND BIRTH OF DEFECTIVE AND NORMAL CHILDREN.

Stage of iInfants with ' Normal i

Months pregnancy congenital Children jTOTAL]j
defects
0-1 30 2 } 32\
1-2 88 2 - 90 [
First 2 months 118 4 J
2-3 59 5 64
First Trimester 177 9
3-4 28 4 32 ;
4 -5 3 5 i 81
5-6 2 7 91
Second Trimester 33 16 ¢
6 -7 4 |
7-8 1 2 éll
8-9 2 [ 2 i
Last 5 months 6 20 I g
Third Trimester 1 8
;211 33 j 244 |
| »

Conte et al (1945) analysed 136 cases of congenital
anomalies in which there was a definite history of
virus infection occurring during pregnancy.

All were rubella, except 2 cases, one of influ-
enza, and one of mumps respectively. Rubella occurred
in all others before the 3rd month of pregnancy,, except
for 3 cases in which infection occurred in the 4th,
5th and 6th months.

These authors remark on the difficulty in ob-
taining adequate controls, but they arrived at the
following conclusions from another questionnaire sent
to the mothers of 120 congenitally malformed children,
namely that 4.2% gave a history of rubella during preg-
nancy,. a percentage Tfigure ten times the actu *al case

rate of maternal rubella for the childbearing age

group/....



group in the population at large. Twenty cases of
maternal rubella without congenital malformations
in the iInfant are included in the survey of Conte
and his co-workers -

in 4 cases, rubella occurred in the third month
and

in 16 cases, rubella occurred after the first
trimester.

Conte add3 5 cases of maternal rubella from
his own files, following response to questionnaires.
Congenital defects, ocular, cardiac or mental
occurred in all cases. Four of these mothers had
had rubella during the first trimester and.the Tfifth
had had the infection iIn the seventh month.

Questionnaires sent by Ober and co-workers
(1947) to women between 17 and 49 years of age who
had rubella in 1943 as reported to the Department of
Public Health, Boston, revealed that 54 out of some
3,000.women had contracted the exanthen during preg-
nancy. Out of these 54 -

8 infants were born with abnormalities;
9 abortions or stillbirths occurred.

Eleven out of 17 abnormal pregnancies occurred
in women who contracted rubella in the first trime-
ster. Some 22 of the group of 54 pregnant women
suffered from the disease in the Tfirst trimester,
the 11 abnormal pregnancies out of the total of 22
represents an incidence of 50% lost or defective.

The same workers sent another questionnaire
and found that of 9 pregnancies complicated by rubella,
only 3 produced normal infants. Eight out of the 9

women contracted rubella In the Ffirst trimester.

Abel/...»



Abel & van Dellen (1949) reiterate that an
Important issue Is not what percentage of congenital
defects are the result of rubella, but rather what
percentage of mothers with rubella in pregnancy give
rise to Infants with congenital® defects, particularly
in view of the scant data available of women having
had rubella in early pregnancy and subsequently giving
birth to normal children. These workers received
83 replies concerning 84 babies (two sets of twins
included) In response to a request made (through
the medium of a syndicated health column) to all
women having had rubella during pregnancy.

The limitations of this method are realised,
as for example some reports depend on the patient*s
memory and the.accuracy of diagnosis in retrospect
IS not certain. Furthermore the proportion of
normal to abnormal children as shown in their figures
Is probably not strictly accurate, because some mothers
with normal offspring, either do not remember having
had rubella or were not sufficiently iImpressed with
the significance of the disease, to reply. Actually
the parent of a defective child is much more Jikely
to respond, than the parent of a normal child.

.Abel and van Dellen found amongst the 84
babies whose mothers had had rubella during gestation,

the following figures:-
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Jllbirths 3 (all these mothers had had rubella
in the first trimester).

Of the 81 living children i

25 were normal
56 were abnormal (36 with a single defect,
20 with multiple defects,
18 cases of which arose
from maternal disease
in the first trimester,)

—_—

(in 44 of the malformed children, the mothers had had
| rubella in the Ffirst trimester (78.6%).

(in 8 of the malformed children, the mothers had had
) rubella in the second trimester (14.3%).

1@ 3 gacewidhaprer tade o ceaebrhioparay) unkosen 1 L5+a%)
acquired in the last trimester, but was probably
not re|gtefdntarfhessgfeftbabi@sBBdrn of mothers
ving rubella during the first trimester of pregnan-

cy were abnormal, 42$% of those born in the .second
trimester were abnormal, and.probably none in the
third trimester was abnormal. These authors further
state that "At least the high percentage of congenital
anomalies following maternal rubella is disturbing
enough to warrant consideration of therapeutic curet-
tage in these cases'.

Miller (1950) unified the figures of Fox and
Bortin (1946), Aycock and.Ingalls (1946), Ober et al

(1947) and Patrick (1948).

TABLE VII.
«INCIDENCE OF DEFECTIVE INFANTS FOLLOWING MATERNAL
: RUBELLA
Cases of Defective Infants
Rubella No. %
Total 331 68 20
First Trimester 110 41 37

These unified 4 studies involve a total popu-

lation of 32,000 individuals. About 40% of foetuses
whose/ . ..
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whose mothers contracted rubella In the first trimester
of pregnancy, were born with congenital defects.
Abortions and stillbirths are not Included In these
figures, and the figures themselves are only offered
as an approximation of the actual Incidence in view
of the factors to be set down presently.

Swan (1949a) unified 39 studies from all parts
of the world including Swiss and Scandinavian countries.
Out of a grand total of 558 cases with congenital
anomalies, 1in 519, the mother had contracted rubella
in the first four months of pregnancy, an approximate
incidence of 93%.

Swan et al, Wesselhoeft (1946), Miller (1949)
and other workers have drawn attention to the diffi-
culties met with iIn attempting to assess rubella as
a teratogenous agent;

(1) The uncertainty of diagnosis. The infection is
sometimes misdiagnosed even in the acute stage. .
(@ The mildness of the infection, and its ubiquity.
@) The inability to accurately determine the onset
of pregnancy.

(@) Greater interest iIn reporting abnormalities.after
maternal rubella as opposed to lack of anomalies.

(B) Inadequacy of retospective histories iIn hospital
records.

(6) Inaccuracy of retrospective histories obtained
from parents. Miller et al (1949) reported five
cases of cataract whose mothers had contracted rubel-
la 13 or more weeks after pregnancy had begun. This
throws doubt on the historical method as a reliable

method of assessing at what stage of pregnancy in-

fection/. ..



fection occurred. They found only two children
with defects out of fourteen, whose mothers were
diagnosed as having had rubella on examination by a
medico, as compared with 8 children with defects out
of 13 mothers.whose rubella was diagnosed by history
In retrospeot.

Sixteen children and Infants who showed con~
genital malformations resembling the "post-rubella
syndrome™ were studied by Lands (1950)-at the Dixon
and Lincoln State Hospitals, I1llonois. On admis-
sion, a careful history was taken, but It was
realised that the mothers had great difficulty in
remembering details of their health during pregnancy.
Only 2 mothers, at the time of the children®s admis-
sion, gave a hist<?ry of rubella in the first trime-
ster of pregnancy. Even questionnaires, which were
sent to the remaining mothers, gave no results.
Personal Interviews were then arranged, and the
mothers were asked to remember all details of the
early months of pregnancy, and to discuss them.with,
and inquire from husbands, parents and friends. This
method produced more positive conclusions and showed
up a remarkable discrepancy between results in the
questipnnaire method and the personal interview
method. Therefore i1t is inferred that the results
of gquestionnaires are liable to considerable error.
(7 Definition of "rubella syndrome™. Nystagmus,
glaucoma, buphthalmus, strabismus, Inguinal hernia,
cryptorchidism, hypogonadism, and hypospadias do not
occur sufficiently commonly after maternal rubella to
be Included under the name of the ™syndrome™. Even.

doubtful,/..
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doubtful, especially if occurring singly, are mongolism,
cretinism, hydrocephalus, meningocoele, etc.

(@ Certain anomalies which have come to he associated
with rubella, may, no doubt, occur in children who have
had no known foetal infection, and in such cases,
retrospective historical study may be sometimes mis-
leading. Reference to prevailing epidemics may assist
in the study. It should be remember, too, that any
couple have one chance in 200 of producing a congeni-
tally defective infant (Murphy, 1947), so any sample

of infants if big enough, 1ia bound to include defec-
tive individuals.

Absence of Congenital Defects following Rubella
in Pregnancy.

Prendergast (1946) reported 4 cases where
normal children had been born after the mothers had
contracted rubella in the first trimester of pregnancy.

Swan (1949a) unified 180 cases collected from
10 sources in the literature, where normal children
had been born after maternal rubella.. The duration of
pregnancy at the time of infection was as follows:
firfet month, 11 cases, second month 26, third month
31, fourth month 23, Tfifth month 28, sixth month 20,
seventh month 16, eighth month 7, ninth month 8,
month indeterminate 10, The previous remarks re-
garding accuracy apply to these figures, particularly
the statement that there iIs greater interest in re-
porting anomalies after maternal rubella as opposed
to lack of anomalies.

The present writer would like to quote the

following case of maternal rubella actually diagnosed

by/c_ _e
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by doctors and communicated to him by Dr, P.

Oosterhagen of Pretoria.
A woman aged 36 years, the wife of a radiographer

at the Pretoria Hospital, contracted rubella "just
before she was quite three months pregnantll, accord-

ing to her own statement. Her doctor, who was
aware of the possible teratogenous effect on the
foetus, called in his partner, who also confirmed
the diagnosis. This was the patient®s third
pregnancy, and it was allowed to go to full term.
A healthy male child was born, which, at the time
of writing, is one year old and has no demonstra-
ble defect at all.

How can the absence of congenital defects be
explained after a pregnancy complicated by rubella
where the diagnosis appeared beyond dispute, and where
the infection had occurred early? Swan (1949°) sug-
gests that either the virus failed to penetrate the
placental barrier or that i1t attacked the embryo at
a period designated by Stockard as a "moment of iIn-
difference™, that is, when no rapid growth is taking
place. G-iliman®"s work on rats (1948) suggests that
a metabolic faotor may be involved, and iIn this con-
nection the inherent health of the placenta as a
functioning organ is to be considered. Miller (1950)
refers to a possible underlying genetic set-up which
in some way may.become manifest as a result of the
virus Infection. Some mechanioal factor may be im-

plicated, as suggested by the occurrence of unilateral

cataract in some cases of post-rubella children.

3. THE PROGRESS OF POST RUBELLA CHILDREN.
(i) Discovery of additional anomalies.

Forty-nine of the original post-rubella defective
children were re-examined by Swan et al (1946). Nine
had died in the Interim, one was autopsied, and addi-
tional anomalies, viz. right cryptorchism, and

hydrococle/ ..,
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hy&rococle tYyere discovered. Out of 17 cases * pre-
viously considered normal, 10 showed abnormalities on
subsequent examination, Viz:

Heart disease = __._._. 5 (@ showing only ab-
normal radiological
(signs, e.g. globular
(heart, with increased
(transverse diameter
(of heart, or in-
creased vascular
(markings in lungs.

Mongolism ............. 1

Azygos lobg, right lung
(probably chance abnor-

mality) ._...... - 1
Left-sided Horner"s oyn-
drome ... .. ... ........ 1
Fusion upper and iotirer (probably not a chance
ends of Radius ...... 1 (abnormality; asso-
ciated with heart
(disease as well.
Microcephaly ............ 5 (slight degree only)

Of cases orginally diagnosed as abnormal:

(D) in 14 cases, the original findings were

confirmed.
(@ 1n 1 case of microcephaly (signs had dis-
1 case of congenital heart (appeared, and
disease (no abnormali-
ties Xfere rodar
I ,detected.

1 case, originally diagnosed
as cardiac disease, now doubtful.

(3 Additional deformities were detected 1in
12 cases

definite and 1 doubtful deaf mutism

definite cardiac; 1 doubtful cardiac

highly arched palate

mental deficiency with bifid lower
half sternum

bilateral optic atrophy, with gross
visual defect and epilepsy.

microcephaly

cryptorchlsm and left inguinal hernia
definite spina bifida occulta, and 1
doubtful case plus bilateral cryptor-
chlsm and left inguinal hernia.

R RPWRN
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The whole story of post-rubella defects has
not yet been written. Post-rubella children.should

be/ ....



?25

'te re-examined periodically at puberty, .adulthood,
and various other stages of their lives. It is con-
ceivable that more defects may become apparent later,
and others previously deemed normal may later evidence
abnormalities.
(if) Parity of Mothers and Social implicationst

Swan et al (1946) investigated the parity of
the mothers concerned,with the following results:-

28 were Tirst children (Of mothers having
(subsequent children

11 were 2nd children ( 19 cases, only one
(had a congenital
12 were 3rd children (defect, namely,

(talipes valgus.)
1 was a 4th child

In the follow-up, out of 92 cases, 58 had no
subsequent pregnancies between 1940 and 1946, probab-
ly because of (I) the fear of repetition of defects
in future progeny, (a fear now shown to be practically
unfounded, as the possibility of contracting rubella
a second time, and during pregnancy 1is minimal.) ()
The time of these mothers was taken up .fully in ten-
ding to defective or retarded children.

Clayton-Jones (1947) inquired into 9 cases
of post-rubella deformities and found that 5 of the
mothers concerned were under, and 4 were over, 24
years itfhen the affeoted child was born. All but one
child were the first children in the family. The
young age of these mothers is no doubt due to the fact
that rubella is rarely found after young adulthood in
the population at large.

Beswick et al (1949) describe a very interest-
ing and quite i1lluminating case of a mother who had

rubella during the third week of pregnancy during

1930.7. ...
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1930. She gave birth to unllke-sexed twins, who
each had bilateral cataracts, congenital heart
disease, deafness, microcephaly, and mental retar-
dation followed by epilepsy.

A woman whose child suffers from post-rubel-
la congenital malformation may be reassured with a
fair degree of certainty that any subsequent children
will not be born deformed. The unfortunate children
with post-rubella defects are social problems in pro-
portion to the severity and number of their defects.
In the“"worse cases instruction in special schools is
necessary, but where possible, contact x*ith the
family should not be broken especially in pre-school
years. Nor should guidance and psychological instruc-
tion be omitted in the .case of all the members of such
unfortunate families. This question is further ela-

borated in Chapter XVI,in the section of deaf-mutism.

(Hi) Weakness, poor feeding and weight.

Out of 78 cases originally reported by G-regg,
15 died, several from bronchopneumonia. In 3, death
occurred in 24 hours after a sudden rise iIn tempera-
ture. In 130 cases reported by the New South Wales
Committee.(1945) the average birth-weight was 5 pounds,
15 ounces.

The 1946 follow-up (Swan et al) showed that
20 out of 49 cases were difficult feeders. Most of
these difficulties disappeared after the first few
months of birth. (All of these, with one exception,
had congenital abnormalities.

Clayton-Jones (1947) remarked on the fact
that feeding difficulties often persisted beyond

infancy/..,.
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infancy, and that iIn 12 oases the average birth-
weight wad 5 pounda 15 ounces.

Lande (1950) also emphasises the high grade
of feeding difficulties and retardation of growth
found ip soipe of his post-rubella children in I1llo-
nois, U.S._A. Although some of these children did
well, they did not appear to put on weight. This
disturbance of nutrition is attributed to a central
defect. This writer states, ™"there is almost no
other disease entity in which such severe dystrophies
are seen. Body weights of 20 and 25 pounds at 5
years of age are not unusual in this group of children.

Swan et al (1946) give the following weight

tables of post-rubella children.

Abnormal Babies. . Normal Babies.
2 weighed 2 — 3 Ibs. 2 weighed 4 p 5 lbs.
5 u 3 -4 lbs, 1 " 5 6 Ibs.
14 L 4 — 5 Ibs, 3 " 6 7 Ibs,
22 i 5 - 6 Ibs, 6 " 7 — 8 Ibs.
29 Jlt 6 — 7 lbs. 3 " 8 9 Ibs.
14 7 8 Ibs. 1 9 — 10 Ibs
8 & 8 9 Ibs. 3 ?
6 u ?

OFf those weighing less than 4 pounds -

7 showed microcephaly

5 shox/ed "eye defect"

5 showed cardiac defect and other
abnormalities distributed, e.g.

Deaf-mutlsm,

high arched palate,

spina bifida occulta,

bifid sternum,

inguinal hernia,

cryptorchism.

Lande (1950) found that amongst 7 post-rubella

defective children one weighed20 pounds at 5 years, one
wieghed 35 pounds at 6 years, one weighed 20 pounds at

58 years, one weighed 28 pounds at 6 years, and one

weighed/. ...
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weighed 27~ pounds at 6 years. All of these dystro-
phic children had bilateral cataract and severe
mental deficiency, but the hearing of one appeared to
be normal. Three of those cases appefiJ?od to have
congenital cardiao disease.

Hopkins (1949) gives figures which show that
the average weight of post-rubella children studied
by her, 1increased according to the lateness of.the

stage of pregnancy when rubella was contracted.

(Ilv) Motor Function.

The standard for control of micturition and
defaecation was arbitrarily fixed at 2 years by
Swan and co-workers (1946). Of the post-rubella
children examined they found;

25 conformed, but 4"were abnormal children.

20 did not conform - only 1 was free from
abnormalities.

Ages varied from 2 years to 3jr years.
One examined at 39 months still had
no control.
Taking fifteen months as the average age at
which a normal child can properly walk, Clayton-Jones
(1947) found that in a small series of 8 cases, 5

were late, and 3 were grossly delayed in walking

(twenty months, or later).

(V) Liability to Infectious Diseases.
Swan et al (1946”)followed up 49 patients com-
prising their first and second series and found that:

8 contracted chickenpox (From these Figures

8 u morbilli (it would appear
5 1 mumps (that such children
i (are more suscepti-

9 1 whooping Cough (ble to Infeotion
(than other children.

Every/. ...
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Every effort should be made to protect sueh
children, If suffering from severe defects, from
pertussis and measles, In view of the extra 3train
which may be placed upon the heart or the possibi-
lity of cerebral hemorrhage following whooping
cough, or aggravation of any ocular condition by
measles. Immunisation against whooping cough,
particularly, should be instituted, and should any
of the more serious exanthemata arise, use should
be made of all suitable antibiotics and treatment to
prevent aggravation of already existing pathological
conditions.

Only one case in the above series of 49,
contracted rubella, and she was free from congenital
defects. At the time of examination however, these
children were relatively young, and may not have
come into contact with rubella, which after all, 1is
not so common in early childhood as the other in-
fections above listed. Also to be considered is the
fact that these children grew up after the rubella
pandemic had abated. The significance of Immunity
to rubella in post-rubella defective children is
discussed under the section on pathogenesis (Chapter

XIIT).



CHAPTER XV.

CONGENITAL CARDIAC DISEASE.

1. CARDIAC EMBRYOLOGY.

The primitive heart consists of three chambers,
an auricular, a ventricular and an aortic bulb which
become divided longitudinally by formation of septa,
while undergoing at the same time a process of spiral
twisting. The cardiac? septa are normally closed by
the end of the 7th x/eek. The bulbus cordis is absorbed
into the ventricles, and in the right ventricle forms
the infundibulum. Associated with i1ts maldevelopment,
are defects of the aortic cusps, aortic, sub-aortic,
or pulmonary stenosis, and fusion of the pulmonary
valves. Defective development of the interauricular
septum causes patent foramen ovale, persistent foramen .
secundum, or completely absent septum (cor triloculare)*
Deviation of the septum to the right causes pulmonary
stenosis, deviation to the left causes dextroposition of
the aorta. During foetal life, the ductus arteriosus
iIs patent and performs the important physiological func-
tion of short-circuiting the lungs and delivering oxy-
genated blood into the systemic circulation of the
foetus. Congenital cardiac defects are sometimes
associated with anomalies outside of the cardiovascular

system.

2. CONGENITAL CARDIAC DISEASE : GENERAL SURVEY.

The incidence of congenital heart disease de-
clines with advancing age because many individuals with
severe malformations die during the first month or ..._.

second/ .. ..
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second decade of life. Congenital heart disease causes
more deaths than any other congenital defect In the
first year of life. According to the United States
Bureau of Census (Lyon, 1945) approximately 50 per cent
of deaths from congenital defects are due to cardiac
lesions. Worcester et al.,(1950) found that 32 per cent
of malformed neonatal deaths had defects referable to
the cardiovascular system.

Stein and Barber (1945) report congenital car-
diac disease iIn a mother, son and daughter, and they
emphasize that high mortality prevents transmission.

Evans (1933) found the frequency of congenital
stenosis, Or atresia of the aortic arch to be about one
in 1000.

Koletsky (1941) found 18 cases in 3300 consecu-
tive autopsies (l.e. 0.54 per cent) of congenital bicus-
pid aortic valves, which therefore can.be looked upon
as a relatively common cardiac anomaly. The same in-
vestigator found 8 cases of acquired bicuspid aortic
valves in 3,500 autopsies. The ages ranged between
13 and 74.years, and these cases probably were rheumatic
in origin. Koletsky (1941a) also found congenital
bicuspid puliponary valves present in 8 cases out of 3,500
autopsies (0.22 per cent), In some.oases, the pul-
monary valves have evidenced 4 cusps. Incidentally,
bicuspid pulmonary valves are of little or no clinical
importance.

Muir and Brown (1935) describe aortic stenosis
in brother and sister sibs, also in 2 brothers of
another slbshlp, patent ductus arteriosus in 2.sisters,
dextrocardia in father, 2 sons, and a daughter.

Congenital/. ...
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Congenital pulmonary stenosis with closed cardiac

septa is rare. Maud Abbott (1932) found amongst

1,000 collected cases of congenital heart disease, there
were only 9 instances of pulmonary stenosis with closed
auricular and ventricular septa.

Congenital defects of the Pericardium are Very Uncommon.
viz: 2 in 13,000 autopsy reports according to Verse
(1909). The defect appears almost invariably in the
left side and in a proportion of such cases, there is a
common cavity containing the heart and left lung.
Seventy-seven per cent of the subjects were males.
Pericardial defects are not incompatible with normal
life, and sometimes the pericardium may be completely
absent. There appears tote no evidence to substantiate
that such defects are inherited, although Gates cites
Von Scheuer and Zepperlin who .concluded from skiagraphs,
that heart shape is Inherited. -

Eczcfia cordis, 1F thoracic, isusually fatal. George
(1945) found this type usually to be associated with
hare-lip, cleft palate, club-foot, or hernia.

Right Posterior aortic arcjiusually symptomless, occurred Iin
0.35 per cent of cases examined fluoroscopically (Eisen
1944) . The two children of one case, and the other of
another were investigated with negative results. To
date there is no evidence of genetic factors in the
aetiology. Hughes and Rumore (1944) described 2 cases
of anomalous pulmonary veins.

Malaa e de Roger 1S perhaps the commonest congenital
cardiac, defect and is relatively benign. Perry (1931)

found that 35 per cent of 119 schoolchildren with con-

genital hearts, possessed this defect. .-
In/...~
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In tralogy of Fallot, , there la R. ventricular
hypertrophy, patent interventricular septum, pulmonary
stenoais, and dextro-position of the aorta. Thia syn-
drome was found in 85 per cent of cynotic cases of con-
genital morbua cordia reaching adulthood. L, Miller
(1936) indicates that pulmonary stenoais and patent
foramen ovale are the commonest congenital lesions asso-
ciated with cyanosis. H.C, Miller (1949) records this
condition as occurring in children whose mothers had had
rubella during early pregnancy.

Patent foramen ovale was found in 17 per cent of
500 hearts. (Seib, 1934).

According to Bauer (1945) paroxysmal tachycardia
and auricular fibrillation are recorded in families.

Gross (1941) denies that there is any proved case
of foetal endocarditis but Plaut and Sharnoff (1935),
Plaut (1939) and others (Gruenwald, 1947; fitadler et al.,
1950) describe apparently definite.cases of prenatal
origin occurring late in pregnancy. As only a few early
embryos are examined by serial section it is not surpris-
ing that direct evidence of embryonic endocardi{is is
not found In early phases. Foetal myocarditis is des-.
cribed by Stoloff (1928), and Farber and Hubbard (1933).
The last named point out, that of two groups into which
congenital abnormalities of the heart can be divided,
the one comprising gross departures from the normal
developmental pattern Is not likely to be due to endo-
carditis. The other group Includes hearts with normal
septurns and anatomical relationships, exhibiting valvu-
lar atresia, which may have been caused by inflammatory

processes.
3. DIAGNOSIS/



3, DIAGNOSIS OF CONGENITAL MORBUS CORDIS.

Because of the vastness of the subjeet, only a few
general observations can be essayed iIn this work. Cases
of congenital norbus cordis nay present no clinical
features at™ all, and even radiological evidence nay be
lacking, especially in early infant life. Whereas many
children are born with transient nurnurs which have no
pathological significance, so also, the absence of a
nurmur in an infant does not exclude congenital heart
disease. Bruits and other clinical signs nay nanifest
themselves at a later stage; at birth they nay be physio
logical, and associated with temporary patency of the
ductus arteriosus, or Interauricular septum. Cyanosis
at birth or in the neonatal period, may be due to
several causes:

(D Asphyxia associated with maternal analgesic
drugs, Caesarean section, aspiration of

anniotlfi fluid, etc.

(@ Prolonged, difficult labour, intracranial
head Injury.

(@ Prematurity, general asthenia.
(@) Atelectasis
() Aspiration pneumonia.

(6) Congenital obstruction of the respiratory
tract.

(/) Erythroblastosis foetalis - -

(8 Metabolic disturbances iIn the mother, e.g.
diabetes mellitus.

(©® Diaphragmatic hernia
(0) Spontaneous pneumothorax. - -

(@ Inborn metabolic defects, e.g. nethaemoglobl-
naemia.

Although good physique is not incompatible with

congenital morbus cordis, many afflicted infant? are
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puny and underdeveloped, and some are bad feeders. In-
sufficient oxygenation may contribute to this state of
affairs. In a minority of cases, the bad feeding may

be due to deglutition difficulty, where the oesophagus

is constricted by a double aortic arch, or a persistent
right aortic arch (Neuhauser, 1947). Chest deformity .
in cases with enlarged hearts, occurs later in childhood.

Maude Abbott"s three groups of congenital cardiac
disease, acyanotic, potentially cyanotic, and cyanotic,
form a useful basis for clinical classification. Cases
which are potentially cyanotic often become cyanotio on
straining or crying, or when shocked or fatigued. These
cases, together with those of the cyanotic group, are
prone to develop respiratory infections on account of
the associated pulmonary congestion. Pulmonary con-
gestion is evidenced on X-ray by increased peribronchial
markings often of the "drooping moustache™ type. It
may be difficult to distinguish between a pulmonary in-
fection and congestive cardiac failure, a frequent end
result, but the size of the liver is helpful in arriving
at a decision (Taussig, 1947).

Many of the children cyanosed during early life,
tend to become less cyanotic with advancing age. Cyanosis
of the head and upper extremities 1iIs very uncommon and
may be associated with patency of the ductus arteriosus
complicated by other cardiac lesions. Pulmonary steno-
sis rarely exists as an isolated lesion. The most
typical cyanotic types are seen in Fallot"s tetralogy,
where a squatting posture is so often adopted as.to be
most suggestive of the condition (Taussig, 1947).

Cyanosis is often associated with polycythemia and club-

bing of /....
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bing of the fingers. Young children and infants are
apt to suffer from attacks of paroxysmal dyspnoea, .
sometimes sO severe, that consciousness may be lost.

In general, bruits associated with congenital
disease of the heart are harsh and loud, situated at
the base and conducted out of the cardiac area. Cases
of patent ductus arteriosus sometimes do not develop the
machinery murmur until a few years after birth, and the
diagnosis of this condition should be accepted with
great reserve in the absence of the typically continuous
to and fro murmur. A venous hum may be confused with a
machinery murmur but is differentiated by turning the
child®s head to one side during auscultatory examination.
In uncomplicated patency of the ductus arteriosusthe
shunt is from left to right and cyanosis is absent. The
presence of cyanosis suggests a diminished blood flow
to the lungs, which flow would further be.lessened by
obliteration of the ductus (G-ibson, 1950).

Although there may be no obvious disability re-
sulting from congenital morbus cordis, as for instance
in patent ductus or patent interventricular septum,
there remains an ever present danger of subacute bac-
terial endocarditis. Patent interauricular septum is
not uncommonly associated with mitral stenosis
(Lutembacher®s syndrome), and hence the latter condition
should be kept in mind whenever signs of mitral stenosis
are clinically apparent, and especially if stunting of
growth is associated.

Before arriving at a decision in a case of con-
genital cardiac disease, in addition to the usual exami-
nation, the body should be inspected for evidence of

abnormal/___._
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abnormal collateral circulation, the neck veins for
reflux pulsation, and the blood pressure should be

taken In each upper limb separately, and In the lower
limb. In the case of young children, a narrow cuff
should be used fpr taking blood pressure readings with a
sphygmomanometer .

Clinical diagnosis should be confirmed by other
adjuvant procedures. Radiography should include
fluoroscopy to determine size and shape of heart, pre-
sence of "hilar dance™, pulmonary congestion, abnormal
Vascular markings on the ribs, distortion of oesophagus
on barium swallow, and angiography. Also to be done
are electrocardiographic studies, cardiac catheterisa-
tion, circulation time studies, and exercise tests
measuring the oxygen consumption per litre ventilated.
Measurement of oxygen content, capacity and percentage
saturation of arterial blood, red cell count, haemoglobin
content and haematocrit are useful procedures (Blalock,
1946), Diagnosis of double aortic arch depends on the
demonstration of compression of.the trachea and oesophagus
at the level of the aortic arch. Radiography 1in such
cases may be assisted by bronchoscopy (G-ibson, 1950).
These patients evidence stridor, beginning usually after,
birth, wheezing, metallic cough, dysphagia and repeated
respiratory infections. Otherwise there are no signs

referable to the heart.

4. POST-RUBELLA OARPIA3DISEASE.

In the original Australian series, the post-
rubella children evidenced harsh systolic murmurs over

the precordium, usually loudest at the base of the heart,

or/ ....
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or pulmonic area, and there was absence of cyanosis.
(Swan, 1944). Swan, Tostevan, and Black (1946) in
their follow up 2 years later* found mothers who des-
cribed transient cyanotic attacks related to excitement,
pyelitis, or whooping cough. Out of 7 cases having
had cyanotic attacks in early Infancy, only two were
found to have permanent heart disease.

Dogramaci and Green (1947) surveyed the records
of 434 children at the Children”™ Hospital, Boston, suf-
fering from congenital heart disease, with the follow-

ing results:-

TABLE
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Stage of pregnancy
when rubella,
occurred

1 month

3 months

2 months

1 month

2 months

(exposure to rubella.:

susceptible)

3 months

TABLE VIII.

IN FIVE CASES OF CONGENITAL HEART DISEASE RELATED TO RUBELLA.
(Dograma.ci and Green)

Presence
of
Catara.cts

+
(Bilateral)

+
(Bilateral)

&
(Left eye)

(Bilateral)

Nature of
Cardiac
Defect

Tetrad of Fallot
(operation by Dr.
Blalock)

Uncertain

1.V.
Septal
defect

Patent ductus
arteriosus

Pulmonary stenosis
1.V. Septal defect

Patent ductus:
E.C.G. showed R
axis deviation

Physical

X-Ray
signs

1 findings
i
Typical Cyanosis

Rough systolic murmur over j

pra.ecordium Globular heart

Harsh to and fro murmurs
in pulmonic area with grade “Globular heart

2 murmur over apex : 1.V. with broad
Septal defect basell
ITypical™ uTypicalu

Cyanosis -
Gyancaln H
Prematurity. -

N 1

- /7
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The above records, out of 434 children suffering

from congenital heart disease, Indicate 5 cases where

the aetiology was related to rubella (about 1.2 per cent)
and one ca.se, associated with congenital morbus cordis,
where there x/as only exposure to Infection. Note also,
the presence of cyanosis.in these case records, contrast-
ing with earlier reports,

Conte et al (1945) being also on the qui Vvive,
surveyed all congenital anomalies and found, put of 120,
there were 4 cases pf.congenital morbus cordis following
maternal rubella, 1i.e, an incidence of about 4 per cent.
This higher figure is arrived at probably, because:-

(i) ALL Congenital defects were studied.

(I1) A detailed questionnaire was posted
directly to the 120 mothers together
with a stamped, self-addressed envelope.
Sixty-ope mothers replied, a.nd the re-
mainder were assumed not to have had
rubella.

The results yielded four cases out of the 120,
showing congenital morbus cordis,

In the cases of transient cardiac disease, pre-
viously mentioned, Swan et al., (1946), the radiological
findings were :-

* () Globular heart with small aorta
(i1) Waist of heart convex with increased”
pulmonary vascular markings. Possi-

bly a congenital defect.

(ill) Transverse diameter increased, with
increased pulmonary vessel markings.

(iv) Left border convex without aorta being
visible.

() Slight enlargement.with filling of
waist. (The second pulmonic sound
clicking and rough.) .

(vi) ""Waist of heart filled in. Pulmonary
vessels pronounced, No aorta visible.
Size of heartwithin normal limits™. e

There/. _,.
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There was no clinical evidence of heart disease
in these cases, except possibly in (V). It has been
emphasized, that where only radiological evidence is
available about possible heart disease, the diagnosis
should be accepted with reserve, and the subjects
followed up periodically. It is clear, however, that
only a very small percentage of cases with congenital .
morbus cordis originate from prenatal rubella infection.
Stfan et al (1946), and the New South Wales Director
General of Public Health Committee of (1945) mention
cases which have negative clinical findings during life
and positive cardiac lesions on radiological or post-
mortem examination.

To determine the relationship between the time
of onset of rubella and the occurrence of congenital
heart disease in infants born subsequently, Swan (1949a)
analysed 185 recorded cases of post-rubella cardiao di-
sease. He found that the cases were virtually confined
to the first four months of pregnancy, with the highest
incidence in the first and second months.

Aycock and Ingalls (1946) extracted from combined
authors an average period of 5 - 10 weeks pregnancy for
cardiac defeots.

The so-called ™"criticall embryological period in
cardiac development is from the fifth to the eighth
week of intrauterine existence. During this period
the cardiac septa are developing, and torsion of the
great vessels occurs. Sx/an (1944) autopsied 3 affected
children and found the ductus arteriosus Xiridely patent;
also there was variable patency of the foramen ovale.
One child had an interventricular septal defect. e

Miller/... a
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Miller et al., (1949), in their study extending
over the United States found that the inoldence of post-
rubella congenital cardiac anomalies was about twice as high
when the maternal infection was diagnosed retrospectively
from history as when it was made personally by an examin-
ing doctor. Iit is emphasized that the recorded inci-
dence of cardiac defects varies according to the extent
of iInvestigation, X-Rays, operative confirmation, etc.
They mention three autopsies performed on such children.
One showed an interventricular defect, another had a
patent ductus, while the third had aortic coarctation
associated with patent ductus. Three of the five cya-
notic children for whom data were given, were diagnosed
as cases of Fallot"s tetralogy on the basis of clinical
and radiological studies.

The majority of cases of post-rubella cardiac
diseas? however, falls._.into the acyanotic group (Swan
1949a). Miller et al., (1949), Albaugh (1945), Goar
and Potts (1946), Friedman and Cohen (1947) also give
instances of the cyanotic types. In the last named
case, the mother had suffered from a rash in the second
month of pregnancy, which probably was rubella. When
bruits occurred, in the majority of cases, they were
systolic in time and harsh or rough in character, less
commonly of the "machinery” type and usually situated
basally with maximum intensity over the pulmonary area
(Swan, 1949a), The latter author cites that sometimes
the murmurs were audible all over the precordium, that
they were occasionally apical or accompanied by a thrill

or clinical evidence of cardiac enlargement. The

commonest/. .»e



commonest oa.ses were those of patent ductus arteriosus,
and patent interventricular septum* Hopkins (1946)
mentions a possible cane of bicuspid aortic valve with
regurgitation. -

Swan et al., (1946) noted that post-rubella con-
genital morbus cordis occurred more.often in association
with cataract than with deaf-mutism. Cardiac disease .
was also observed as the sole abnormality iIn some cases.
The following case, which was seen in Johannesburg, is
here recorded :-

A woman, a premigravida developed a.blotchy
rash over the whole body about the end of July,

1943 when she was 8 to 10 weeks pregnant. Accord-
ing to.her own statement she lirss "smothered in the

rash'. The face and extremities were also iIn-
volved. The rash only lasted a few days, during
which time she was ill and confined to bed. She

was also suffering from "morning sickness"™ at the
time, but she cannot remember whether she had en-
larged glands in the neck or behind the ears.

The doctor was called to see her at a time when the
rash was disappearing, and he was not. sure whether
the case was one of rubella, or a mild attack of
measles during the convalescent stage. The child
was subsequently born near term andoyanosls was present
at birth, especially noticeable in the face, around
the mouth more particularly, and in the extremities.
He also had a persistent cardiac bruit. The cyano-
sis has persisted, and is aggravated by exercise.
The child is now 7 years old, and.is able to perform
mild physical exertion such as riding a tricycle;
but he then becomes more cyanotic. He has been

seen by several specialists, who consider the diag-
nosis to rest between that of Eisenmenger®s complex
and Fallot’s tetralogy. The child is normal in all
other respects.

In retrospect, it is difficult to establish the
identity of the above rash, but the diagnosis of rubella
iIs considered to be most likely, more especially in.view
of the fact that rubella was prevalent at that time.

The sole abnormality in this case was congenital morbus
cordis, which was also the only anomaly to be found in

some of Swan"s post-rubella cases.
The/. ...
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The PATHOGENESIS of congenital morbus cordis is
still being investigated. In the case of post-rubella
congenital cardiac defects, the aetiology is touched
upon in Chapter XIII, Does foetal endomyocarditls
occur by actual invasion of the rubella virus itself?
The following workers provide evidence to show that
pre-natal infection of the cardiac tissues may occur
late in pregnancy: Stoloff (1928), Farber and Hubbard
(1933) Plant and Scharnoff (1935), Plant (1939),
Gruenwald (1947), Stadler et al (1950). Virus infec-
tion of embryonic tissue may occur during organogenesis,
but all evidence of inflammatory reaction would be
effaced by the reparative powers of embryonic tissue
and its peculiar response to injury under the influence
of evocators, organisers, etc.

On the other hand, disturbed metabolism of the
maternal tissues may influence the environment of the
developing embryo in such a way as to disturb normal
development.

Dogramaci and Green (1947) investigated records
of 1,387.women with various virus and exanthematous
diseases. Seventeen of these were pregnant, and of

these, 6 were iIn the first half of gestation

TABLE IX./, ...
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TABLE IX,

OFFSPRING OF MOTHERS WITH VIRUS AND
OTHER EXANTHEMATOUS DISEASES OF
EARLY PREGNANCY.

(Dogramaci and Green)

-N: ; Stage of Birth at g - ;
- Disease 1 Pregnancy term (1) ;Abnormalitieé%_ Remarks
or Pre-
mature !
® L
; Mumps J 2 months T ! 0 j Bilateral
J submax and L
i } parotid
' t<e|ands [
] Rubeola 3 months T JjObstruction j Mild
IR. lacrim- j
\al duet. !
r 1l 1
1 Scarla- | Jj Treated with j
I tina I months T 0 ; sulphadiazin®
- i 5 days . i
i 8
z Bcarla- j Also had J
= tina 2 months T 0 ; bronchial J
i ; asthma 3
i i i
\ Scarla- > Treated with \
Jj tina 2 months P @, 0 j sulphadiazlne
> I I 5 days
I
= Scarla- | Gamma glo- ;
[ tina -bulin, sul* 1
J(exposure 4~ months T ! 0 :phadiazine j
I to Ru- J 5 days i
| bwQla) .
>Did not develop / >
[rubeola? be-" f |
[cause of gamma
Iglobulin i -
9 \ .

We see therefore that mumps, measles and scarlet
fever during early pregnancy do not constantly produce

offspring with anomalies.

A case 1is here reported, where measles Infection
occurring early in pregnancy was followed by the birth of

a child with congenital defects of the heart

A woman/e. ..
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A woman aged 26 years developed a "blotchy rash.
At the time she was unaware of the fact.that she
was pregnant, as her period was just overdue ar.d
this irregularity happened occasionally. The
rash agl illness was diagnosed by an experienced
and capable medical practitioner to be typical
measlesl The patient soon realised that she
was pregnant as well. The expected date of
delivery was the 5th July, 1943, but she went
over the period and when labour commenced, it
lasted for two days. A Oaesarean section was
performed on the 23rd July, because of arrested
progress due to transverse lie of the foetal .
head. The child, a male, weighed 9 pounds 2
ounces and had persistent cyanosis from birth.
There was also a basal systolic murmur. At

five months, the child developed bronchitis and
was seriously ill, being treated iIn a nursing
home and requiring prolonged oxygen administra-

tion on account of.dyspnoea and cyanosis. After
that he recovered, and developed normally, but
was slow to sit up. At one year, he began to

get attaoks of unconsciousness which necessitated
oxygen administration and coramine injections™ He
was never really able to walk, as his legs
appeared to be weak, although there was no ob-
vious deformity. He died at the age of nineteen

months, There was never any indication of men-
tal backwardness or deafness, and deglutition was
normal. The cardiac condition was regarded to

be most likely a case of Fallot!s tetralogy.

There was no history of congenital cardiac disease
in the.families of both parents. The mother has
since had a miscarriage and a living child quite
normal .

Dogramaci and Green (1947) further.studied 434

patients with congenital cardiac disease. They found

that in 9 cases there was a history of virus infection

in the mother during }he first trimester of pregnancy:

Infec-

X 9 cases of virus infection in first trimester
? (Four of the cases were rubella)
i g cases of non-exanthematous bacterial in-
fection during pregnancy,
T 2 cases of acute rheumatic fever in first

tious trimester.

1 case of chorea, first trimester

factors( 2 cases of maternal syphilis

1 case of ptomaine poisoning, Tfirst month
of pregnancy, was seriously i1ll one week:
ohlld suffering from ? Eisenmenger
syndrome.

Metabolic/, ...
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? cases of allergy during early pregnancy.

Meta— cases of severe trauma, first trimester.
i case of thyrotoxicosis, developing 2 months
bolic prior to conception and requiring subtotal
thyroidectomy in second month pregnancy.
factors 1 case of low basal metabolic rate.throughout
pregnancy requiring thyroid administration.
( 3 ca.sesof paternal exposure to lead.

[l ) JE

Lamy and Schweisguth (1948) studied 230 children
with cardiac malformations. Apart from 2 cases where
rubella had probably occurred in early pregnancy, in 9
other cases infections diseases developed during the
first trimester, including 1 case of mumps, 2 of pertussis,
and 2 of b. con pyuria. In 3 cases the onset of preg-
nancy was marked by uterine hemorrhage. One patient
suffered severe abdominal trauma due to a fall, and one
other attempted abortion by taking quinine. There was
1 case of drug intoxication by Stovarsol, and 1 of severe
food deficiency. The significance of all the above
data however, 1is minimised by lack of information regard-
ing the incidence of the various above-listed pathologi-
cal conditions in non-pregnant females of the same age
and circumstances in the population at large.

While the embryonic cardiovascular system is
being Integrated, so are other systems developing as well,
which fact helps to explain the.frequent occurrence of
associated and multiple defects. Lamy and Schweisguth
(1948) who studied 230 children with cardiac malformatipns
found that 14 per cent of them had additional anomalies.
Mongolism was the commonest,occuring in 9 cases (4 per
cent). Dogramaci and Green (1947) found tbe incidence
of concomitant mongolism to be 5.8 per oent. Heredity
was shown to be a very important factor, as 10 per cent.

of 680/.=_-
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of 680 Casee of congenital cardiac anomalies re-
ported having congenital heart defects or other
anomalies in other members of the family. In 4
per cent, other siblings were involved, and in one
case, identical twins had apparently similar cardiao
anomalies. Lamy and Schweisguth (1948) found
histories of congenital defects in the family in
7.8 per cent of cases. In 2 oases, brother and
sister suffered from Roger"s disease, and in one
family, mother and daughter had a patent ductus.
Cases of other concomitant malformations were found
in 7 per cent, while parental consanguinity.was
found iIn 2,6 per cent of cases as against 0.6 per =
cent and 1.0 per cent in the general population.

Lamy and Schweisguth also found, apart from mon-
golism, other malformations such as congenital
cataract, clubfoot, cleft lip, spina bifida, various
skeletal anomalies, deaf mutism, angiomata and.mal-
formations of the digestive and urinary tracts. Many
of these cases of multiple anomalies are doubtless of
genetic origin, but Lamy and Schweisguth found in
their series,discordance in.two sets of twins appa-
rently definitely uniovular, In the first set of
twins, one showed a typical interventricular defect,
while the other had an apparently normal heart. In
the other set, one had congenital dilatation of the
pulmonary artery,.while the other had no signs of
cardiac anomalies. The discordance in these two
sets of twins pleads against a genotypic origin for
the cardiac defects in these two special cases, but .

of course/. ..
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of course it is not impossible that each twin who
appeared normal, might have had cardiac defects
which were not recognizable by the diagnostic methods
employed.

In summing up, it is safe to say, that while
maternal rubella in early pregnancy in many cases
causes congenital cardiac disease in the child, other
virus and bacterial infections and pathological
states during gestation, cannot at this stage be
definitely implicated as aetiological factors.
Heredity seems to play a big part in the aetiology
of congenital cardiac defects in general, but study
of these (and other anomalies) will be greatly assis-
ted by culling of adequate.data to act as controls
for purposes of comparison.

TREATMENT . Taussig (1947) summarizes the general
medical care which should be extended to a child
suffering from a congenitally defective heart. The
child should be encouraged to attend regular classes
and its education should not be neglected. Diphtheria
and pertussis.Immunisations should be performed at

the usual age. Operations may be performed as needed,
becar.se anaesthesia is well tolerated, and tonsillec-
tomy if Indicated should be done to guard against
subacute bacterial endocorditis. The teeth should

be well cared for, and extraction performed i1f neces-
sary, provided prophylactic chemotherapy be institu-
ted before and after extraction.

These patients as a rule withstand intercurrent

illnesses remarkably well under the circumstances, ..

but/. ...
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but many cases develop pulmonary Infections which
demand antibiotics such as penicillin, aureomycln,
chloramphenicol, and sulpha-&rugs(depending on the
nature of the iInfecting organism or organisms.
Whenever septicaemia or bacteriaemia is suspected,
appropriate chemotherapy should be given. The pre-
sence of subacute bacterial endocarditis is no bar
to operative treatment such as ligation of a patent
ductus, and indeed, operative closure iIn such cases
will result iIn cure, but is better performed before
the onset of endocarditis (Gilchrist, 1947). Pre-
operative and post-operative administration of
penicillin is essential for success, as well as anti-
coagulant therapy.

Patients with cyanosis should be guarded against
extreme fatigue and especially dehydratlon> because
thromboses are prone to occur at all ages. Especially
common, are the cerebral types which may be followed
by convulsions or hemiplegia. The treatment 1is
venesection, oxygen therapy, intravenous fluids and
heparin. Extremely cyanosed, anoxaemic patients may
be more comfortable at sea level than at higher alti-
tudes, and such cases should not travel by air unless
supplementary oxygen is available, especially at
heights exceeding 12,000 feet.

Cardiac failure may ensue due to an ever Increas-
ing load placed upon the heart by the malformation or
by intercurrent illness, superimposed infection of the
myocardium, surgical operation or excessively rapid
heart action. Pulmonary congestion is often a com-.

posite/....



posite of infection and decompensation, both of.which
conditions should receive appropriate treatment.

Early signs of cardiac failure in infancy are a greatly,
increased respiratory rate and engorgement of the liver.
In adults, the early signs are rales at the lung bases
and odoema of the extremities. Treatment is by rest,
venesection, oxygen therapy, diuretics and digitalis.
Attacks of poroxysmal dyspnoea are alleviated by adminis-
tration of morphine and oxygen. The dose of digitalis
should be regulated by body weight.and in acutely ill
patients administered parenterally. With improvement 1in
the patient, maintenance can be carried out by oral
therapy, if necessary for many months, although over a
period of years, the Infant or child usually outgrows

the need for the drug.

A few moderate cases of Fallot"s tetralogy are
consistent with a fair degree of longevity (Taussig, 1947)
but severe cases are benefited by anastomosis of the
subclavian, carotid or Innominate artery to one of the
larger pulmonary arteries. The best time for opera-
tion iIs between two and twelve years, and should not
be done unless the pulmonary artery is of small size,
and congestion of the lung fields, clinically and radio-
logically is absent (Blalock, 1946). The position of
the aortic arch must however, be determined before the
chest is entered (G-ibson, 1950) . Aortic coarctation
can be operated upon, as well as abnormalities of the
aortic arch causing obstruction to the oesophagus and
trachea (Gross, 1946). In recent years operative
attempts have been made to relieve stenosis of valves,

but/....
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“out time will help to decide upon the efficacy of such
procedures.

Although the Immediate results of surgery 1in
Fallotls tetralogy are highly gratifying, we do not yet
know whether the artificially created.anastomotic
channels will grow as the child grows. Furthermore,
hy surgery, there is added to an already deformed
heart, the new burden of pumping more blood to the
lungs (Potts, 1950). After all operative procedures,
adequate hydration must be maintained.to militate
against thromboses. (Taussig, 1947).

The use of anti-coagulants such as heparin has

greatly _facilitated operative work on the blood

vessels.



CHAPTER XVI .

DEAF MUTISM

(1) GENERAL SURVEY.

DEAF-MUTISM results from congenital deafness,
or complete loss of hearing before the age of 7 years.
The dumbness Is secondary to defective hearing and In
most congenital cases, the organ of Corti Is undeve-
loped. (Otosclerosis occurs later In life, and the
auditory nerve 1is intact.) Congenital deaf-mutism may
actually be nacquiredM in utero (e.g. as iIn syphilis,
rubella*), so all congenital deaf-mutism is not necessa-
rily hereditary in origin. As many deaf-mutes are
educated in special schools, they often meet and marry
deaf partners. From a eugenic point of view this may
be better than marrying into normal families and so
spreading the affliction, where the latter is of gene-
tic origin.

Deaf-mutes occasionally exhibit retinitis
pigmentosa, and more often feeble-mindedness and steri-
lity. Hypogenitalism and infantilism are sometimes
found In recessive types. One family is quoted by
Gates (1946), where deaf-mutism is combined with
heterochromia iridis, Horner” syndrome and strabismus.

Otitis media may cause deafness, and according
to Bauer (1945) susceptibility to otitis media may be
inherited, being sometimes familial. The deafness,
if occurring early, may be associated with mutism.

Gates (1946) also cites LIndborg, who believes
that hereditary deaf-mutism is due to one Mendelian
recessive character, as against Plateaus two factors.

Love/ .. ..
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Love (1920) described a family with five affected
generations, descended from a common ancestor, and postu-
lates a recessive mode of inheritance.

Kraatz (1925) studied many pedigrees statistical-
ly, and came to the conclusion that deaf-mutism cannot
be due to a single dominant, recessive or sex-linked
character, but that the statistics pointed to the
operation of two recessive factors. However, on the
basis of two factors, Deaf x Deaf may give all normal
children in some families so that lack of penetrance is
a more probable explanation. Persons who are hetero-
zygous Tor 'deafness™ can hear perfectly well on the
audiometer, so the condition IS recessive.

Tinkle (1933) also believes that 2 recessive
genes are concerned with the production of hereditary
deaf-mutism, but suggests that a third pair of genes
control the development of the middle and Internal ears.

Switzerland has the highest incidence of deaf-
mutism in the world, namely 0.12 per cent as against.
0.023 per cent, in G-ermany for instance (Gates 1946).
Hanhart is cited as saying that 60 per cent of deafness
in Switzerland is "sporadic'”, being related to cretinism.
In Sweden, where there are few cretins, the ratio of
congenital to acquired deafness is estimated as 100 :
67. Murray and Wilson (1945) shoxv a relationship be-
tween deaf-mutism and goitre and cretinism. In 3
goitrous districts in Oxfordshire with low water and
soil 1odine content, there were 28 deaf-mutes in a popu-
lation of 36,635, whereas in 3 npn-goitrous areas, there
were only 5 deaf-mutes in 38,910. Some of the deaf-
mutes have enlarged thyroids, and belong to goitrous
families, but unlike 1iIn goitre, both sexes are equally

affected/. ...
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affected.

Also cited, (Gates, 1946) are Muller* and
Hanhart, who describe another type of labrynthine deaf-
mutism with morphological changes in the ductus and
sacculus, apparently inherited as a dominant, and occur-
Ing at such an early age as to cause deaf-mutism. One
such pedigree, had 11 cases iIn 4 generations, showing
dominant inheritance with 10 sibs out of 19 affected.
Other instances are quoted. In one family, the child
was normal, both parents deaf, and grandparents were
carrying different forms of deaf-mutism iIn a recessive
state. In another family, the father had white hairs
in the beard and was not deaf. His 5 children were
all deaf-mutes. Two of these who mated with other
deaf-mutes had normal progeny. The 5 children had
pigmentary anomalies with white patches on hair and skin,
pigmentation on the body, persistent lanugo on the back
and mongoloid features. There were 19 deaf-mutes in
4 generations, and.8 cases (6 of them deaf-mutes),of
pigmentary anomaly. Apparently the latter was dominant
and the former recessive,.with different genes for deaf-
mutism in the progenitors.

In the late years,maternal rubella has been
found to affect the foetus, producing congenital deaf-
ness. Maternal rubella, however, plays a relatively

insignificant role iIn the etiology of deafness in general

(2 DIAGNOSIS.

That the diagnosis of deaf-mutism in Infancy
is a difficultmatter, is common knowledge to all
paediatricians. The deaf baby gurgles and coos in
a normal fashion and is not mute. In fact “deaf and.

dumblV . . ..
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dumb™ children are rare, The surest sign of deafness
in infancy, is delay in the development of speech* If
the parents are suspicious of such a defect, the sus-
picion is generally well-founded. In any child over
the age of eighteen months, where there is no normal
speech development and no imbecility, impairment of
hearing must be first excluded. Strange to relate,
parents often Interpret baby sounds as various words of
speech and will not admit any early speech difficulty
until the age of 3 or 4.years, when abnormal behaviour
patterns are manifested. The children adopt a self-
willed, intractable, aggressive attitude and cry
repetitiously iIn a sharp, strident way. Unfortunately,
it is very unusual for audiometery to be successfully
employed for diagnostic purposes under the age of 5
years, although there is now a promising technique being
investigated, which uses the principle of the conditioned
reflex and which will no doubt eventually accurately
measure auditory acuity in children after 10 months of
age (Bakwin, 1950). Actually for accurate diagnosis
audiometry is essential, because regional deafness may
easily be missed when the clock, watch, tuning fork or
voice 1Is used. When there is an impairment in the mid-
high range, then it is difficult to distinguish differen-
ces, Iin consonants of words suoh as bed, led, said, dead,
etc»

In the usual case of congenital deaf-mutism
the child is "bird-wltted”, very intelligent and dex-
terous. It spontaneously develops lip-reading tech-
nique, and because It may sometimes say "mumll, or "dad",
the parents come to believe that the child can.hear, and

iIs being solely neurotic and over-apprehensive. .Speech
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may be defective by omission of sounds or syllables
corresponding to the presence of "islandsl of deafness,
and In most cases the condition is Inherited as a
Mendelian recessive. With both parents having normal
hearing, the chance of their child being born deaf, is
one in four, with deafness in the family (Crooks, 1947).
These children with impaired hearing in both ears often
-possess ''residual hearing” for loud noises, such as
that of an aeroplane, especially if such noises are
accompanied by gross vibration. Occasionally, however,
because of speechlessness, they are treated for aphasia,
thereby wasting valuable _time. The tympanum and ex-
ternal ear appear normal.

Arnold Q-esell (1946) in hie usual systematised

fashion has listed signs suggestive of deafness in in-
fants and young children,under the developmental system in

which they are most likely to appear: -

1, HEARING AND COMPREHENSION OF SPEECH.

General indifference to sound.
Lack of response to spoken word.
Response to noises as opposed to voice.

2, VOCALISATION AND SOUND PRODUCTION.

Monotonal quality.

Indistinctness.

Lessened laughter.

Meagre experimental sound play and squealing.

Vocal play for vibratory sensation.

Head banging, foot stamping for vibratory sensation.

Yelling, screeching to express pleasure, annoyance
or need.

3, VISUAL ATTENTION AND RECIPROCAL COMPREHENSION.

Augmented visual vigilance and attentiveness,
Alertness to gestures and movements,
Marked imitativeness in play,

Vehemence of gestures.

(Note that at 6 months of age, the deaf child becomes
progressively quieter, but more visually attentive.)

(4) SOCIAL/. ...
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(4 sOCIAL RAPPORT AND ADAPTATION.

Subnormal rapport In vooal nursery games.
Intensified preoccupation with things rather
than persons,
Inquiring, sometimes confused or thwarted
facial expression,
Puzzled and unhappy episodes in social situations,
Suspicious alertness, alternating with co-opera-
tion.
Markedly reactive to praise and affection.

(€©)) EMOTIONAL JENA VICif.

Tantrums to call attention to self or need.

Tensions, tantrums, resistances due to lack
of comprehension,

Frequent obstinanoies, teasing tendencies,

Irritability at not making self understood,

Explosions due to self-vexation.

Impulsive and avalanche initiatives.

Deafness in early infancy, may result from

meningitis, influenza, scarlet fever, x”hooping cough and

measles, and may be mistakenly regarded as being of con-
genital origin if not careiully investigated. Both

ears are usually affected, and after meningitis, resul-
tant deafness 1is generally complete. Mumps may cause

a meningo-encephalitis, which attacks the lahyrinth of

one or both ears, usually one, making it deaf. Conge-
nital syphilis may also cause deafness by catarrhal otitis,
associated with "snuffles™.

The writer attempted in 1948 to analyse the
records of the St. Vincent®s School for the Deaf,
Johannesburg, but unfortunately details of admitted
cases were very meagre. Out of 170 children, 138 were
classified as congenitally deaf, while iIn 42 cases, the
cause of deafness was given as 'post-infective" or

acquired: -

Acquired/ ....
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Deafness”
Acquired. No. of Oases

N
a1

Meningitis

Mastoid, abscess in ear,
lear trouble"

Measles

Whooping cough

Chicken pox

Tetanus

Encephalitis

"Nerve deafness"

"Progressive deafness"

RRRRRRADN

Of th'e 138 congenitally deaf children, the
pre-natal histories obtained from the mother’s on the
child’s admission were inadequate and no mention Was
made of rubella during the pregnancy. Figures obtained
by Hughson et al (1939) in Pennsylvania also show a vast
preponderance of congenital cases over acquired, 1iIn an
institution for deaf children.

Sensory Aphasia: Congenital aphasia occurs in
children and of course, such children are not Improved
by mechanical hearing aids. There are several types
of aphasia. 7 -

Audi tcry-verbai agnosia (inability to appreciate the
meaning of words, though hearing them clearly), is a
condition quite easily passing for deaf-mutism. Such
children are alert, often over-active, .purposeful, in-
vestigative, but retiring and unsocial. They respond
to unusual noises, but are inattentive to speech. The
basis may be organic or functional, the prognosis being
usually better, with treatment, in the latter type of
case. Without treatment, all such cases show apparent
mental retardation.

In sSyntactical Aphasia the main disability is to appre-
ciate the correct relationship of one word to another,
although hearing is quite clear. Such children pro-

duce "Jargon"™ speech, simulating mental defectiveness
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or deaf mutism, Their hearing is of course, intact.

In Amnesic Aphasia® normal hearing and comprehension is
present;, but the right word cannot be recalled. The
child can explain what he is seeing, but not name it.
The condition is tinged with emotional disturbance.
Motor Aphasia: The child with motor speech delay
(Broca®s aphasia), 1in contrast to the word-deaf child,
evidences considerable understanding of speech, and does
not exhibit that striking auditory inattention. He
tends to concentrate more on doing things. Rudimentary
conversation is laboriously attempted and failure 1iIs in-
clined to cause emotional disturbances and frustration.
Mild cases may clear up spontaneously, or speech is de-
veloped in lisping or baby fashion.

In the diagnosis of deafness, and the aphasias,
local condition must be excluded, e.g. cleft palate etc,
and anatomical defects such as those following cerebral
tumour, encephalitis, meningitis, diphtheria, the prog-
nosis varying according to the nature of the lesion.
Borme children acquiring jargon or unintelligible speech
due to bad training and environmental conditions, iImprove
in nursery schools; in others there is an anatomical
defect of the ear, brain or cerebellum. Audiometry,
when practicable, is invaluable.

DEAFNESS Involving the Auditory Apparatus. Where the
auditory apparatus is implicated, and acuities are low,
the voice may be low, monotonous, metallic and words are
poorly enunciated, and badly understood. When high or
low frequency sounds are not properly appreciated,
speech Is correspondingly affected by omission of sounds
and syllables. The individual with conduction deafness
hears his voice magnified by bone conduction in his own

skull/....
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skull and hence his voice tends to he low. The per-
ception deaf individual, in whom the inner ear is
affected, speaks very loudly because he cannot hear.his
own voice and inflection is had for the same reason.
Individuals with nerve type deafness often hear sounds
in the lower range reasonably well, but may not hear
well enough in the middle and upper registers to dis-
tinguish many speech sounds. It appears that the number
of children with all types of deafness who can be helped
to use their residual hearing is considerably greater
than was formerly believed to be the case. Total hear-
ing lo3s appears not to exceed 5 per cent of cases as
determined in a Pennsylvania School for Deaf (Hughson

et al (1939).

(3 DEAF MUTISM FOLLOWING- MATERNAL RUBELLA. 1In the
original Australian series of cases shoitfing mostly
ocular conditions, subsequent anomalies were anticipated,
in children apparently otherwise normal at the time, and
sure enough they occurred, amongst them being deaf
mutism, such being difficult of diagnosis at 18 months
or even 2 years.

OFf Swan, Tostevan and Black’s original 7 cases

of deg.f-mutism, (Swan, 1944) five were female and 2 were

males. Martin (1945) and Hopkins (1949) also found a
higher preponderance in females. Two of the original
cases had congenital heart disease as well. Generally

speaking they were not totally deaf, but could hear
shrill note? such as train-whisties, but rarely the
spoken word. Speech, as expected, was either absent,
or limited to a few words, such gs "Muml and “Dad”. In
no case was there a history of hereditary deaf-mutism,
but in one case there was a family history of adult

deafness/* . .=
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deafness. The impression was gained that bone conduc-
tion was much better than air conduction for high notes.
The external canals and tympanic membranes were not ab-
normal and one child improved much with lip-reading iIn-
struction and battery-aid, commencing at 2y years of age.

Swan et al (1946) commented on thefkct that
deafness may be complete or partial,involving the middle
or inner ears. IT complete, the mutism is secondary.

IT incomplete, speech may be delayed or imperfect owing
to “small islands of deafness™. The autopsy findings
in one case showed no differentiation, in both ears, of
primitive cells to form the organs of Corti.

Werthemann ((1948) confirms that histologically
there is no differentiation of the primitive cells of
Oortis organ. He also states that the accoustlc nerve
and spiral ganglion are well developed, and the basilar,
membrane and bony spiral lamina are easily ldentifiable.
Vascularisation of the striae vasculares is somewhat”
poor and the tectorial membrane is.rudimentary, being
surrounded by nucleated flat cells. Relissner®s membrane
iIs not.evident, but the middle and external ear remain
normal .

The severity of the rubella attack appeared to .
have no relation to the severity of the.damage to hearing.
(Carruthers, 1945; Olayton-Jones 1947). Most of the
children examined by Carruthers gave some evidence of
hearing over the tone range from 512 to 2048. Nine
patients were given caloric labrynthine tests, with
results that showed little deviation from normal, ex-
cept thac there was no vomiting, even though nystagmus
was induced. Welch (1945) drew attention to the fact.

that/....



that in Australia the highest incidence of deaf mutes
horn iIn any year since 1930, occurred in 1938, and of
these-, 34 oases gave a history of G-erman measles iIn the
mother in first 2 to 4 months of pregnancy. The his-
tory of 13 others was doubtful. The following figures
were supplied from the admissions made to a school for

deaf and blind in.Queensland and are published by Welch:

Year No. of oases Year No. of
1930 9 1936 4
1931 5 1937 6
1932 3 1938 47
1933 4 1939 5
1934 7 1940 3
1935 7 1941 2
TOTAL 102.

Clayton-Jones (1947) who investigated post-
rubella deaf children, found that all were born between
August and February. These months seem related to the
periods of prevalence of rubella (March - July), allowing
of course for the added period of gestation.

Vickery (1945) studied the children of motherx
who had rubella in the first 3 months of pregnancy. Of
these 21 children, only two had congenital cataract, and
most of them showed failure to thrive, difficulty in.
management, and not one could put sentences together.
Eleven were undersized and underweight, and 13 showed
cardiac lesions with murmurs, praecordlal bulging, and
on X-Ray examination, left ventricular dilatation* 1In
one case, .the patent ductus was successfully ligated by
operation. This child’s physique and development im-
proved considerably, and the murmur subsided,

Vickery said that most.of the 21 deaf children
had general nervous instability. They would lie awake

for hours during the night, especially during.the _first

2 years/
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2 years of life. They were unable to concentrate,
and showed a peculiar fleeting, prying interest, 1in
things. Not one of these cases was totally deaf, but
all had impairment of hearing to the extent that they
could not comprehend what was spoken to them. During
the 4th year of life, the concentrating powers of most
of them had greatly improved, and many were learning to
cooperate with hands and eyes, although hearing and
speech were still much retarded. Dr. Vickery regarded
the future outlook as being reasonably good for those
whose physique had not been greatly retarded by their
cardiac lesions, and it seemed that they might be
taught some useful manual trade. He even felt that

many would learn to speak* Carruthers urged that
speech should be encouraged as early as possible, and
Bakwin (1950) states that hearing aids should be used
as early as possible in all cases where deafness is not
total. Apparently some children are able to use these
aids at 2 or 3 years of age, i1f the intelligence is.not
affected, although 6 or 7 years 1is the usual period.
Modern Instruments give a gain of 40 to 50 decibels.

Hopkins (1949) investigated statistically 92
post-rubella deaf children and compared them with 61
deaf children whose mothers had not had rubella during
pregnancy. Both groups were also compared with their
respective sibs. From the data obtained, she conclu-
ded that the arrest in development of the rubella deafened
children was not due to the deafness per se but to the
general after effects of the virus infection on the
organism as a whole.

Clayton*<rones (1947) found that deaf children
with a maternal history of rubella commonly had bilateral

incomplete/...
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Incomplete inner-ear deafness usually fairly uniform
throughout the frequency range. The audiograms showed
no evidence of Islands of hearing and the deafness was
fairly equal In degree In both ears. Hopkins (1949)
In a larger series of post*-rubella deaf children found
that 53 were profoundly deaf, and 38 were partially
deaf.

Patrick (1948) graded 34 cases of post-rubella
congenital deafness according to severity and found
that iIn 27 the degree of deafness was so bad as to “re-
quire education by methods used for deaf children with-
out naturally aoquired speech or language-®l. Two cases
fell within the grade where even with ™"the help of a
favourable position in class, iIndividual hearing aids,
or tuition iIn lip reading, Tfail to make satisfactory
progress 1in ordinary classes in ordinary schools™. One
case fell within the grade, where with the above quoted
assistance, could make satisfactory progress in ordinary
classes iIn ordinary schools. Only 4 oases in the
series, had such slight disturbance i1n hearing as not
to require assistance at school and could make satis-
factory progress.

Olayton-Jones (1947) found that in 36 post-
rubella deaf children, difficulty in feeding was common-
ly reported, and examination showed a tendency to de-
formity of the jaw, pigeon-chest and atonic musculature;
but the intelligence of these children seemed normal
and no cataract or definite heart lesion was detected
in any case. These cases, were investigated in insti-
tutions for deaf-children. In 13 cases, the maternal-
rubella had been diagnosed by a medical practitioner.

Hopkins/. ..,
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Hopkins (1949) Investigated 92 post-rubella
deaf children. Ten children born of mothers with
rubella during the first 2 months of pregnancy had
congenital ooular defects Including cataracts, unila-
teral or bilateral. None of the children born of
mothers having rubella during the third month of preg-
nancy had any reported ocular defects* A total of
30 post-rubella deaf children out of 92, born of
mothers who had rubella during the first "trimester of
pregnancy, were also reported to have congenital con-
ditions1l which however, were not always accurately
described. Four of the investigated children out of
the whole series were mentally defective, and 2 had
spastic paralysis; 2 were treated for congenitally
dislocated hips; 1 had umbilical hernia; one had ob-
struction in the penis; 1 had hypospadias, and 1 had
a pilonidal dimple. A number of children had several
defects other than deafness, but for a total of 53
children.the only reported defect was deafness (out of
92 cases.)

Miller et al (1949) found an apparently lower in-
cidence of congenital deafness after maternal rubella
in the United States as compared with Australia. They
attribute this discrepancy possibly to the fact that
reports were obtained from specialists whose iInterest
may have been restricted; also to the difficulty in.
diagnosing deafness and mental deficiency in infants.
Clayton-Jones (1947), investigated 19 cases and found
that the deafness was recognized in 3 cases before the
first year of life but in the remaining cases, was only
recognised from 1 to 4 years after birth.

Stage/ ....
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Stage of Pregnancy when rubella was contracted.

Of the 18 cases of deaf-mutism reported by

Oarruthers (1945) the mother had contracted rubella -

in the first monthof gestation, ....... 2 cases
second 1 1 1 | 10 cases
third " 1 1 | 4 cases
fourth 1 1 [ 1 case
sixth 1 1 i ... 1 case

In Queensland, Winterbotham (1946), investigating
34 congenital deaf-mutes, found that the mothers had
suffered from German measles in all instances, at some
stage during the first four months of gestation. In
11 of the children a oardiac condition was also pre-
sent.

In England, Martin (1945),(3946) reported on 36
cases of- congenital deafness in which there was a his-
tory of maternal rubella at.some stage during the
first 4 months of pregnancy.

Analysing the combined work of several authors.
Aycock and Ingalls (1946) give an average Tfigure of 9
weeks fTor deaf-mutism. For combined cataract and
deafness, the maternal rubella occurred in the first
month in 1 case, and iIn the seoond month iIn another
case.

Hopkins (1949) found that out of 92 post-rubella
deaf children, in 10 cases with congenital ocular de-
fects, the mother had contracted rubella during the
first 2 months of pregnanoy.

Swan and co-workers (1946) noted that deaf- .
mutism and cataract did not commonly occur together.
They found iIn fact, that deaf-mutism occurred three
times more frequently than cataract. Several theories
were advanced, One was that the “cochlea anlage might
be more vulnerable to virus infection for a greater
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period of timeu. Another theory was that there was
a higher mortality rate amongat cataract cases, caus-
ing early elimination from statistical reckoning.
Swan (1949a) gives a table of 24 cases collected from
the world literature, where deaf-mutism occurred con-
comitantly with cataract, The maternal rubella in-
fection had in all cases occurred within the first 2
months of pregnancy (13 in the first month and 11 in
the second month.) The same author gives another
table relating to 226 cases of congenital deaf-mutism
irrespective of whether there were concomitant defects
or not. These cases were virtually confined to child-
ren whose mothers had contracted rubella during the
first 4 months of pregnancy and the highest.incidence
of cases was In the second and third months.

Aycock and Ingalls (1946) further extracted
the following average periods of pregnancy, for post-

rubella anomalies (cf. p.272)i

For cataract ...... 6 weeks
For deafness ....... 9 weeks
For cardiac abnor-
malities  _..... 5 - 10 weeks
For deformed teeth.. 6 - 9 weeks
They quoted Carruthers, Mx_ .. in the first 6

weeks, foetal damage may be widespread, and include the
eyes, both divisions of the ears, the heart, and perhaps
many other parts. After the sixth week, the eyes may
escape, the heart may be spared, and the semi-circular
canals may become normally developed; but the cochlea
is still likely to be damagedllL

Clayton-Jones (1947), who investigated post-
rubella deaf children, found iIn no case a history of
maternal infection after the first four months of
pregnancy. Nor did he find an obvious tendency.to
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premature biafcth amongst such children. His census was
very small, however, (20 cases) and Hopkins (1949) 1in
a larger census found a definite tendency to premature
births, especially where the maternal infection had
occurred in the first month of pregnancy.
Handling of nost-rubella deaf children.

Unfortunately, so many post-rubella deaf children
a.re mentally defective, but congenital deafness,
may produce as we.have seen, a pattern suggestive of
feeble-mindedness. The ordinary intelligence tests
are not effective, and the most satisfactory of these
are performance tests such as picture completion tests,
form-board tests, block designs and suchlike manipula-
tions. The Goodenough "Draw a Man" test is Tairly
good at 4 - 5 years (Silver, 1950; G-esell, 1940) but
the Pintner-Paterson (1923) and Pintner non-language.
tests are regarded as the most reliable for the deaf.

It Is again to be emphasized that whenever a
child does not commence talking at the expected age,
or whenever its speech is unintelligible, or when
simple words appear meaningless to him, a careful in-
vestigation of the auditory powers should he institu-
ted. It should also be borne in mind that a deaf
child often gives some kind of "bluff'" response f
whether he hears or not.

The congenitally deaf have great difficulty in
learning to read or write. Some never acquire these
abilitiesiand sohool progress is correspondingly pain-
fully slow. Many deaf children have, however, attained
academic success in spite of their handicap.

There 1s no consistent personality pattern

amongst/e...
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amongst deaf children,and these unfortunates vary

much in behaviour depending on parental attitudes, home
environment, and ability to adjust socially. When loss
of hearing amounts to 15 decibels or more, difficulties
tend to appear in adjustment (Bakwin, 1960)e Bakwin
further notes that an important factor tending to make
a child feel rejected, is the likelihood of his being
sent to an institution, especially if his normal siblings
remain at home. Schooling for deaf children should
ideally begin very early, even at 2 or 3 years in
Nursery groups, and the early use of mechanical aids

iIs advised. OFf course, parental embarrassment and
feelings of guilt need to be contended with, and gui-
dance or reassurance IS necessary. During the early
years, the deaf child adjusts well in the house, and
learns with great facility except where language 1is
concerned, and in this respect,the parents should be
guided as to how best to help the child. Because
there i1s so often some residual hearing,it is iImpor-
tant to expose these infants from very early to a con-
stant flow of language, Just as if the child were nor-
mal 1In hearing capabilities. Bakwin (1950) cites

that the mother should talk close to the child’s ear,
and objects should be named and then pointed-to. The
speaker®s head should be steady, in a good light, on a
level with the child’s face, and speech should be a
little more slow than usual.

Matching one thing to another is employed iIn
education and the child’s attention should be drawn, to
various other sounds of everyday life, such as motom*
horns, church bells, etc. Apart from speech difficul-
ties, the deaf child of normal intelligence, is not at. .
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a great disadvantage but actual teaching of speech is
best left to trained individuals. For reading in-
struction, books should be simple at first, so as not
to discourage the handicapped child. IT the child is
bright, the ability to read is a wonderful asset, and
fortunately only a few post-rubella children are blind
as well as deaf.

The deaf ohild4like most handicapped children,
should be loved, but not spoilt or felt sorry for.
Punishment should never be administered for default un-
less it is perfectly clear that the child is disobedi-
ent through sheer ™"naughtiness®1 and not through lack
of understanding on account of his deafness. Full
acceptance of the child in the family, by the family,
iIs ideal. Unfortunately, economic and other necessi-
ties force many deaf children iInto institutions. At
St. Vincent’s School for Deaf iIn Johannesburg, it has
been the experience that deaf children who are so
often frustrated and "difficult” at home, become easy

to handle in the institution, and learn readily.



CHAPTER XVII.

OATARAOT i

AND OTHER OCULAR DEFECTS.

(1 EMBRYOLOGY OF THE EYE, AND PARALLEL DEVELOPMENT
OF OTHER SYSTEMS.

In embryos as far back as the eight somite stage
(about fourth week), an optic area can be identified on
each side of the wall of the forebrain (Arey>, 1946) .
At 14 somites,when the neural groove is still incomplete-
ly closed, the optic areas become easily identifiable as
hemispheric swellings. Before the embrjo is 4 mille-
mitrés long, the °Ptic vesicles are attached to the primi-
tive brailn by -°pPtic stalks along which the optic nerve
later grows. The lens is formed by a thickening of
overlying surface ectoderm. Contemporaneously iIn the
fourth week, the accoustic ganglia are appearing, the
neural crest becomes a continuous band, a primitive
paired blood vessel system is forming, .and the heart
tubes are fusing into an S-shaped bend. From the fifth
to the tenth week, the heart and blood vessel system
undergoes tremendous development, and about the ninth week,
the internal and external ear parts assume final from.
From the sixth to the ninth week, the teeth anlages
develop from labio-dental laminae to primitive enamel
organs and dental papillae. From seven to eight weeks
the cerebral hemispheres are markedly distinguishable,
and the cerebfal cortex acquires typical cells. The
lens vesicle becomes detached at six weeks, retinal
pigment appears, the vitreous body is present,and the
ohorioid fissure is closing. The early appearance.Of
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eye anlages helps to explain the high incidenoe of
ocular defects found amohgst all congenital anomalies,
and why so many eye malformations are associatedwith

defects of the central nervous and other systems.

(@ GENERAL SURVEY.

It would appear that most cataracts, congenital
and even senile, are based on genetic factors. In-
heritance is usually dominant, sometimes recessive and
very rarely sex-linked. Post-rubella cataract,- is of-
oourse, a notable exception, but comprises only a small
minority of cataraot cases. In some families, cataract
appears during childhood in some members, and in late
life (senile type) in other members. Senile cataract
may occur in identical senile twins.

The crystalline lens is a living structure, the
transparency of which is related to various biological
processes, involving osmosis as well as calcium, potas-
sium amino-acids, proteins and glutathione metabolism.
The lens capsule, or envelope, is normally permeable
to eleotrolytes and small colloids of low molecular
weight. A decrease in permeability allows proteins to
escape, .and precipitation of lens proteins induces
opacity. Campbell (1936) states that sugar excess,
vitamin deficiency, disturbed calcium metabolism or
loss of oystine from the.lens substance are all proba-
ble aetiologicsl factors.. In rats, tryptophane defi-
ciency, or a diet of galactose may produce cataract, and
hence tends to support the above statement.

Cataract inherited in sublethal and sex-linked
fashion 1is descriped, and Gates (1946) citing Danforth,
gives a pedigree where lamellar cataract together with
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deformed retina presented as a dominant in 9 oases in
3 generations. The original male progenitor had
several normal children by a normal first wife. The
second wife, also normal, bore one child with cataract
from which the descent arose. The probability is,
that this child represented a mutation, although re-
cessive factors carried by other children cannot be
excluded, particularly when it is seen that there are
six affected sibs iIn the fourth generation.

Gates quotes figures showing that 13 per cent
of pupils in blind schools are cataract cases, and
should not have children, especially where inheritance
iIs by the dominant mode. Five blind progenitors pro-
duced a total of 68 congenitally blind descendants in
3 or 4 generations.

In all hereditary eye diseases, many isolated
cases occur in a family history. Such are probably
mutations, recessive Mendelian "outcrops®*. In some
pedigrees, too, anticipation appears to be operative,
because members iIn succeeding generations are attacked
earlier and earlier (Vinsonhaler & Oosgrove, 1936).
Julius Bauer (1945) in "Constitution and Disease",
draws attention to what appears to be, iIn certain
cases, a constitutional weakness of ectodermal struc-
tures as evidenced by cataract, neurodermatitis and
other rare skin diseases.

The especial liability of the eye to be affected
in congenital disease (e.g. after maternal rubella)
appears to be related iIn some degree, to its 1initial
rapid development. (Gruenwald, 1947). Apparently no
type of teratogenic agent will fail to produce eye .-
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defects under certain conditions. Lande (1950) studied
retrospectively 16 children in an.Institution showing
the post-rubella type of syndrome. In 7 of these, a
history of maternal rubella was found, but iIn 5 cases
a common cold, and in 1 case virus influenza, during
the first trimester xirare the aetiological factors re-
garded as being operative. The ocular defects asso-
ciated with the common cold and influenza appeared to
differ from those in post-rubella patients. Buphthal-
mus, complete agenesia of the eyeballs, optic atrophy
and residual chorioretinitis or abnormal pigmentation
of the retina were seen in addition to cataracts,
Toxoplosmosis by prenatal Infection from the
mother may cause a chorio-retinitis. Congenital
syphilis may also very rarely cause iritis or chorio-
retinitis in early infancy.
Retrolental fibroplasia, is an eye condition which
presents a grey, seemingly opaque or opaque tissue in
the anterior part of the vitreous immediately behind
the lens. Occasionally blood vessels and sometimes
even haemorrhages are seen in this tissue (Post, 1950).
Since Terry (1942) first described this condi-
tion, .more cases have been reported from all over the
world. The present Xirriter has traced t™o0 cases iIn
South Africa.through the National Council for the
Blind (1950), In the one case the child xtfes born
prematurely, and.in the other, the child might have been
born prematurely. Reese (1949) states tha.t the condi-
tion may occur in full time infants (though mostly in
Infants born prematurely); and it is found in one or
more of twins or triplets in from 10 to 15 per cent
of cases. Twenty five per cent of cases of retroleptal
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fibroplasia have associated elevated skin haemangiomas,
often multiple and widespread, present at birth.
According to Reese, the condition is congenital and he
found vaginal bleeding in the mothers during pregnancy
in about 30 to 33 per cent of cases. Ingalls (1948)
suggests foetal anoxia as.an aetiological factor 1in
cases of a similar nature. Ox/ens and Ottfens (1949)
maintain that the disease develops post-natally and
that vitamin E deficiency niay be implicated. The .
writer considers it possible that the cause may be
found in a combination of factors involving the mother
before the child*s birth, and the environment post-
natally, and a better comprehension of the aetiology may
help to elucidate the pathogenesis of post-rubella con-

genital cataract.

(3 EYE DEFECTS FOLLOWING MATERNAL RUBELLA.

(@ Incidence. Cataract is the fourth commonest con-
genital anomaly following maternal rubella, as found by
Swan and his co-workers, although other workers find a
higher incidence (Conte et al, 1945). Bardram et
alter (1947) cited 8 cases of maternal rubella followed
by congenital defects in infants. Five mothers had
rubella between the 3rd and 4th weeks of pregnancy.

One foetus was still-born after 6 months. There was

a high incidence of ocular anomalies iIn this series:

Cataract - Bilateral ____. 5 cases
unilateral __._. 2 cases
Microphthalmus ... .__._...__... 3 cases
Pigmentary degeneration of
retina ..... 3 cases
Incomplete iris coloboma .... 1 case
Morbus cordis ......... 5 cases
Peculiarly long trunk _.__.__. 1 case
Long fingers and toes ...... 1 case

of/
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Of 204 cases of post-rubella cataract collected
by Swan (1949a), in 150 the defect liss binocular, and
in 54, monocular. Of 35 unilateral cases, in 21 the
cataract was left-£idod and iIn 14 i1t was right-sided.

Microphthalmus is a frequent concomitant of post-
rubella congenital cataract. Gregg noted it in approxi-
mately two-thirds of his cases. Swan et al (1943),
Reese (1944) and Albaugh (1945) emphasise the shalloxf-
ness usually found in the anterior chamber. Reese
(1944) and Krause (1945) noted a sluggish pupillary
reaction to light, while Albaugh (1945), and Goar and
Potts (1946) obtained a brisk reflex. Subluxation of
cataractous lenses was occasionally noted (Swan 1949a),
as was also strabismus, optic atrophy, anterior uveitis,
and nasolacrimal stenosis.

In U.S.A., Miller et al (1949) found recorded in
children whose mothers had had rubella actually diag-
nosed by direct medical examination during pregnancy,
agenesis of optic centres of brain (rubella 9th - 12th
week of pregnancy), bilateral hemianopsia and retrolental
fibroplasia each occurring singly as separate defects
(rubella in 13th week or after). Glaucoma was found
to be associated with cataract, microcephaly, and mental
deficiency in 2 out of 3 cases. Where the maternal in-
fection had been diagnosed in retrospect by history,
amongst the usual ocula,r anomalies recorded, were the
following:

Chorlo-retinal atrophy associated with cataracts,
deafness and cardiac anomaly (maternal infection
in first 4 weeks of pregnancy); chorio-retinitis
associated with deafness and microcephaly (rubel-

la In 9th to 12 week).
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Of the post-rubella ocular lesions occurring In
the absence of cataract, probably the most Important of
these was buphthalmos. (Svran et al 1943; The New
South Wales Committee, 1945; Prendergasfr, 1946).
Pigmentary changes of the retina, strabismus, and
microphthalmos sometimes occurred (Swan, 1949a) and
more rarely corneal opacity, naso-lacrlmal stenosis,
nystagmus, amaurosis, amblyopia, atrophy of Iris,
optlo atrophy, doubtful coloboma, and vitreous opaci-
ties (Swan 1949a).

(b) Stage of pregnancy when rubella Incurred: Out
of 16 cases of cataract reviewed by Swan et al (1946),
the following information was disclosed:-

(1st month : 9 cases)

Cataract - 16 Cases (2nd month : 6 cases)

(3rd month : 1 case )
Aycock and Ingalls (1946) extracted from the combined
work of several authors, the fact that the average
period for cataract development was 6 weeks of pregnan-
cy.- Swan (1949a) collected 108 cases of post-rubella
cataract from 26 different sources in the literature,
and found that cases of cataract are virtually limited
to infants whose mothers had suffered from German meas-
les in the first 3 months of pregnancy, and that the
highest incidence vraa in the first month (nearly 50
per cent of the cases). Cases of cataract occurring
concomitantly with deaf-mutism were found by the same
writer to be confined to the first 2 months of gesta-
tion (24 cases). -

Miller et al (1949) found in U.3.A. that of 89
children whose mothers had had rubella during the
first trimester of pregnancy, 51 showed cataract

formation. The highest incidence occurred, in.those
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cases in which the disease was present between the

fifth and eighth week.

© Diagnosis. Cataract as a congenital anomaly
following rubella is usually bilateral, and subtotal

in type. There iIs associated nystagmus, and often
sluggish pupillary reaction to light. Dilatation with
atropine 1is difficult. Light perception is apparently
quite obvious. The nystagmus tends to be absent in
young babies, but very common in older or untreated
oases, generally developing after the first three

months of life. The eyeballs jerk iIn coarse, purpose-
less movements , ""searchlight”™ 1in type, but without fixa-
tion. Gregg emphasised that a guarded prognosis should
be given as to the future mental status of children with
bilateral cataract in view of the very great tendenoy
for such cases to show associated mental defects,

The 1iris is often atrophic iIn appearance,
(Krause, 1945; New South Wales .Director General of
Public Health, Committee 1945). The nuclear portion
of the lens 1iIs most affected and the cataract does not
correspond to any previously known type.

Behind the crystalline lens, there iIs opaque,
vascularlsed tissue,.on which vessels tend to radiate
from a central point. In appearance, the I$ns is a
flat white disc with radiating lines visible. The
peripheral zone appears clear, if the pupil is properly
dilated. Swanet al (1943) say the cataract "resembles
a minute white starfish”. . The lens is small and tends
to move while being needled.

Histological examination done by Swan et al
(19435 showed the peripheral part of the lens to be
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degenerated or necrosed, with vacuoles interspersed
throughout. The central core was amorphous in
appearanoe. Oordes and Barber (1946) found a somewhat
similar histological appearance in the eye of an em-
bryo, where the maternal rubella infeotion had occurred
in the fifth week. Cordes (1949) examined the eyes of
a 11 week old embryo, with a history of rubella in the
last part of the second month of gestation, and found
shallow anterior chambers as well as cataract forma-
tion. Most of the primary and secondary lens fibres
showed degeneration with formation of.globules and homo-
geneous masses of dark staining fluid. Nuclei of the
primary lens fibres showed pyknosls and fragmentation.
Cordes also reports on the eyes of embryos where ru-
bella had been contracted Just before the second month
of gestation, just before the third month, and about
the third month respectively. Macroscopic and his-
tological examination in these cases disclosed no ab-
normalities of theeyes at all.

For proper examination a general anaesthetic
IS necessary. Some of the autopsied ohildren were
found to have enlargement of thymus, and if suoh find-
ings can be accepted as a contributory cause of death,
then anaesthesia apart from any concomitant weakness
or cardiac disease, is risky. The cardiac lesion of
course, may not be obvious.
Discission, Gregg and Swan found discission difficult,
because.of the small cornea, and shallow anterior
chamber. They felt that breaking up the.whole cataract
was called for, rather than needling. Dr. A. Bobbin
quoted by Albaugh (1945) removed such a cataract by a
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euotion method and and was able to observe the fundus Imme-

diately after operation. He found it not to differ

from that of a child with the ordinary type of
cataract. Morlet (1949) examined 60 post rubella
children in a follow-up study in Western Australia,

and In 36 cases unmistakable choroido-retinal changes

were present. Therefore 60 per cent of "rubella

children”™ examined in Western Australia, had abnormal
fundi . Morlet noted also that in no single case so
far, had loss of visual acuity attributable to retinal
changes been found. Gamble (1946) describes a mem-

braenous type of cataract. Ehrlich (1948) cites a

few cases all over the age of 6 months where on need-

ling, only a thin membrane was found, which divided

readily.

Atropine dilatation, of the pupil is difficult (Swan

et al, 1943; Swan et al, 1946) and infants are prone

to develop constitutional effects from its local use,

perhaps because of the xreakened state of the infant, and
because drops from an ordinary dropper contain a fairly
large amount of atropine relative to the small bulk of
the ohild. (Albaugh, 1945). Albaugh therefore used
neo-synephrine with apparently much better results,

On dilatation, two main types of post-rubella
opacity were observed:

(1) The type, with a marked contrast between the large
pearly central area and the small, clear, peri-
phery, giving a red reflex. Between the clear
periphery and the opacity, was an intermediate
zone, smoky in appearance of lesser density than
the central opacity.

(@ Type of cataract with more uniform density through-

out, extendin? to all but the most superficial
layers of cells.

The/
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The ordinary type of congenital cataract in
children is of two main types.

In the lamellar tyre, the opacity is situated
in the peripheral part, the central core containing
punctate opacities* Outside this is another clearer
concentric ring. This type is not present at birth,
but occurs early in childhood, and is probably of con-
genital origin. Parsons (1936) notes that lamellar
cataract is almost invariably associated with defective
enamel in certain of the permanent teeth. The teeth
have an eroded appearance with transverse lines across
them, the Incisors and canines being most affected, and
differ essentially from the condition found iIn conge-
nital syphilis. Parson says, "when the pupil 1is
dilated, a grey discoid opacity is seen, surrounded by
a perfectly transparent marginal area .... occasionally
two concentric rings are seen.”™ Sometimes 'riders'™ .or
radiating spokes are detectable on the peripheral edge
of the opacity, penetrating slightly into the clear
area. The condition tends to be bilateral, though more
advanced in one eye than in the other*

Parsons (1936) says that, experimentally, lamel-
lar cataract has been produced in offspring of rats,
whose mothers had been.fed on a diet lacking in vitamin
A., fat and phosphorus. That this condition is a
deficiency disease, 1is shown by the fact that su#h

cataracts are.curable by giving the affected offspring

a normal diet. -In the young, there is cataract but no
rachitic changes. In their mothers, fed on vitamin A
deficient diets, there are rachitic changes. Warkany

and Schraffenberger (1946) found eye changes in the
young of mother rats fed on vitamin A deficient.dietary.
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"Open eyes', an abnormality, folded retina, coloboma,
eversion of the retina were sometimes found; also,
rudimentary iris and ciliary body, or fusion of cornea
with lids. The lens, however, was essentially normal,
the most constant defect being the presence of a retro-
lental membrane of fibrous tissue around the hyaloid
vascularisation, with replacement of the vitreous.
Abortion was frequent, and there.were also associated
thoracic and abdominal anomalies. Cohtrol rats of a
similar strain on normal diets produced normal offspring

The anterior capsular kind of ordinary congeni-
tal cataraot, cortical or nuclear iIn type, consists of
a small spherical opacity in.the centre of the lens,
surrounded by a clear cortex. Fusiform, or spindle-
shaped types occur, occasionally with branching coral-
like processes, This form has a tendency to be
familial. Discoid cataract is also of genetic origin,
occurring in families, and showing up as a somewhat
ill-defined disc-like opacity Just behind the nucleus
in the posterior cortex. The punctate-type, self-,
descriptive, varies in form; and there is a total
type. Many of these, the ™"ordinary"™ type of congenital
cataract, are associated with.other congenital stigmata,
e.g- nystagmus, coloboma etc., and most are stationary,
requiring rarely urgent interference.

Franeshetti (1947) describes a ‘“digito-ocular
phenomenon™ found chiefly in children xirlth congenital
oataracts and relates it to the occurrence of phos-
phenes because It is not found in patients with faulty
light projection. It does not develop in cases of
incomplete cataract where some vision is retained. T"e
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afflicted children, vary somewhat in their behaviour.
Sometimes they push their fingers into both orbits,
sometimes only into one. Some children touch the .
globe with one finger; others- with several fingers.

One of his cases, showed an antero-posterior movement
of the head. Franeschetti, who had observed this
phenomenon in several cases since 1931, afterwards re-
lated it also to two oases of congenital cataract
where the mother had had "rubeola™ (German measles,
translation from the French)during the first trimester*
of pregnancy. He too, suggested early operation on
such cataracts, because nystagmus does not develop
until a few months after birth.

In ordinary congenital cataract, all that is
necessary, 1is to pierce the capsule, thus permitting,
agqueous to enter into contact with the lens material.

In the post-rubella type, the lens substance may be re- .
quired to be broken up to obviate glaucoma (Smith, 1948).
In some cases, at operation, the whole opaque disc was
displaced into the anterior chamber, with subsequent re-
latively rapid absorption. Swan et al describe

attempts to lift the cataract out at operation. Early
operation was recommended in bilateral cases, although
delay was considered justifiable in unilateral cases if
the patient’s condition was not considered suitable for
surgical intervention. Correcting lenses are probably
advisable post-operatively. Even with early operation
in bilateral cases, there is great danger of the eyes
remaining with amblyopia and strabismus. Perera (1940)
believes that early operation is advisable before the
sixth month of life, preferably during the 2nd and.3rd
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A description was.given of the foll.ow-up m, two

cases of post rubella cataract (Swan et al., 1946).

@ A child was admitted with doubtful glaucoma at
the age.of three years, 9 months, spontaneously
subsiding. There were keratic precipitates in
the eye. The cataract was of the Morgagni type,
lI.e. a solidified nucleus in the fluid semi-
opague cortex, gravitating downwards and shifting
with movements of the head. At five years and
one month, the cataract had disappeared sponta-
neously, thus explaining the original inflamma-
tory attack. The keratlc precipitates had also
vanished, but bilateral nystagmus was still pre-
sent, and no fundal detail was distinguishable.
In the opposite eye, the fundus was clearly
visible, .and evidenced irregular pigment in the
macular region with white choroidal spots iIn the
vicinity.

()] One case with bilate&al cataracts had been treated
by discission, commencing at 3 months of age.
At three years and 7 months the child was able to
differentiate colour easily, and name objects
correctly.

Adams (1945) noted that progressive increase in
the size of the cataracts sometimes took place. Ehrlich
(1948) described the case of a baby girl born 4 weeks
prematurely with congenital cataract and deafness. The
mother had had rubella in the first month of pregnancy.
Both lenses commenced to show absorption after the age
of 10 months, more so in the right eye. Discission
was delayed until 3 years and complete success was
attained in the right eye, while the left is still under
treatment. Ehrlich oites 4 other cases of possibly
spontaneous absorption of congenital cataract, in three
of which the mother had had rubella during the early
part of pregnancy. Morlet (1949) tracked, in Western
Austral!82 post rubella congenitally defective

children in a follow-up study, All the children, but

two, were deaf, and none \irere completely blind.



CHAPTER XVIII.

DENTAL ABNORMALITIES.

Out of 8 children of the original Australian
series classified as normal when originally examined,
2 later exhibited dental defects. Most of the de-
fects were related to rubella in the early half of
pregnanoy, and especially in the first 6 to 9 weeks,
(Evans 1944). Evans (1947), found 30 of 67 post-
rubella children to be suffering from major congenital
dental anomalies excluding caries. If caries and
restricted arch formation be taken iInto account then
46 of the children exhibited anomalies. All but
5 of these showed other congenital anomalies as well.

The dental laminae are Tirst detectable in
the 6th week of embryonic life, and dental papillae
appeal In.9 weeks; calcification commences in the
20th week. On this basis, cases were divided into
groups A, B and C, shown below. Evans (1944) in-
vestigated 34 cases, where the mothers had had rubella
in pregnancy, and found 23 exhibiting congenital
dental anomalies, 18 of major nature. Each group
of teeth has its own critical period of development,
and the time of German measles infection could pos-
sibly be determined to a certain extent on the basis

of developmental anomalies of the teeth.

TABLE/ .
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TABLE X. (Evans, .1944).

Post-Rubella Congenital Defects.

2 Average age

( No. Eruption in months at j
[Retarded Total of grading eruption of
fDehtition No. Children of 1st tooth in

Cases affected affected both affected

i Children infants and

normal infants

Group A 444 4+ 4

(Rubella
before
6th week

pregnancy) 9 5 1 1 3 11.5 (9)x

Group B.

(Rubella

between

6 to 9

weeks) 12 9 2 2 5 11.8 (9

Group C.

(Rubella
1after
19 weeks) 13 2 0 0 2 7.6 (13)

Eruption grading is based on the time of

appearance of 1lst and subsequent teeth (6-9 months

for first tooth) and varies from most retarded +4+ £0

to least retarded 4. X (The number of cases on which
figures are based are in parenthesis.)

() Retarded Eruption was the most significant ab-

normality. Evans notes that retarded eruption is -also

seen iIn syphilis, rickets, idiocy and cretinism. It
was surmised that later follow-up would show retarda-
tion of permanent teeth, although retarded dentition
does rot appear to be of great clinical significance.
Contrary to the findings of the New South Wales Com-
mitee (1945), a further 53 cases investigated.by
Evans in 1947 further confirmed these results. Re-
tarded eruption of decidious teeth seemed to have a

much/ . ...
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much higher incidence in the early pregnancy groups.
In 4 out of the 67 children, however, there was

premature eruption of the permanent dentition, inoisor
or molar teeth after the 3rd year and before the 5th
birthday. In all of these cases, the mothers had
had rubella prior to the second month of pregnancy,
and these 4 children had other serious concomitant
anomalies, deaf-mutism or microcephaly. .
(@ Hyponlasla. either mild, or marked may occur.
Pitts is cited for the incidence of hypoplasia in
decidious dentition of normal Infants as about 0,4
per oent. In Evans®™ series of 34 cases, the inci-
dence was approximately 23,5 per cent. In a later
series (Evans 1947), with.33 additional cases, the
incidence was 20 per oent. The hypoplasia was not
general, being mainly localised to 1 or 2 pairs (in
one case 3 pairs).. In all but 2 cases the hypopla-
sia was mild. Four cases of hypoplasia occurred in
group A cases (rubella before the 6th week of preg-
nancy and hence before the appearance of the dental
anlages), and are tentatively explained by persis-
tence of virus iIn the tissues. The present writer
feels that i1t is difficult to fix by history the.
time of conception and hence length of pregnancy.
The hypoplastic teeth are not more susceptible to
dental caries, according to Evans. The virus of
rubella is suspected of affecting the.oonnective
tissue cells, causing tissue collapse.

(3 Abnormal Tooth Form; Sbvenout of 34 had defec-
tive tooth form. (With one exception, all mothers
had had rubella in first 2 months of pregnancy)e

(Evans 1944).
In/«...
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In all cases the Incisor edges were affected,
"sharklike™. In two cases iIncisor edge lacked mag-
nitude being pointed, and one case showed "marked
labial convexity in lower anteriors, the iIncisor

edge representing the arc of a oircle, instead of a

straight line". In one cage, the Incisor edge was
rounded instead of straight. One case.showed abnor-
mality of biting edge of upper iIncisors. Both cen-

tral incisors had extremely rounded edges.

Other anomalies: 3 out of Evans®™ augmented
series of 67 children (1947) showed absence, con-
firmed, by radiography, of upper or lower lateral in-
cisors. Six out of 34 showed evidence of restricted
arch formation, which did not differ very significant-
ly from children whose foetal life was normal (Evans,
1944). Sex appeared to have no influence on the iIn-
cidence of congenital dental anomalies 1in general.
(Evans 1947).

(@ Dental Carles; Kronfeld (1939) is quoted as say-
ing ""there is strong evidence that the tendency to-
wards dental caries or an immunity to the disease may
be transmitted from parent to.child according to the
laws of familial inheritance". Apparently environ-
mental factors play a contributing role. Four out
of 34 showed dental caries, a higher incidence than
for a similar group of the population at large. How-
ever, the small number of cases invalidated accurate
conclusions. The result 1is merely suggestive,

Evans i1n his later survey (1947), which re-
corded 67 children (including the original 34),
further substantiated his original findings. Of the
67 children, 14 were found to be suffering from early

caries,/. ...
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caries, "a proportion considerably higher than that
occurring in a similar age group independantly.
selected from a cross-section of the community.
This proportion was also higher than that recorded
by the same author in his original series of 34.

The dental caries appeared to be related to
the period of pregnancy at which rubella, occurred.
Only one case of caries was noted in Group A where
maternal rubella was contracted before the 6th week
of pregnancy, although other dental anomalies were
seen. As the fibrillar network of early tooth
formation is laid down before the 10th week, it is
precisely during this period (6 - 9th week - Group
B) that maternal rubella induces the highest inci-
dence of dental caries in the offspring. The later
pregnancy grQups were relatively free from caries.
Weinmann J.P. (cited by Gruenwald, 1947a) postulates
that inhibition of enamel matrix deposition causes
hypoplasia of enamel and if maturation be affected,
then hypocalcification results. These abnormalities
may result from hereditary or intrinsic causes.
Hereditary varieties affect all teeth uniformly,
whereas extrinsic causes produce enamel defects in
the parts which were developing while the noxae.were
operative.

Olayton Jones (1947) in a small series of
7 cases Iinvestigated, found no evidence of delay in
the eruption of.the second teeth and no abnormal ten-
dency to caries. His series was very small. Hop-
kins (1949) calculated in post-rubella deaf children,
the average age at which these children got their.

first/....



first tooth. She obtained control figures
ded belol-r in rubella deafened children.

TABLE XI.

Eruption of Teeth in Post-
Rubella Deafened Children.

Rubella deafened children:
Month of pregnancy in which mother

had rubella.

First ... ... -
Second ... __..l.._... -,

Third ... ...
Sibs of rubella-deafened children

Hereditarily deaf children .._..._... -;
Sibs of hereditarily deaf children ..*

inclu-

Age
Month
11; 6

9.4

8.2

6*6
7:;3
6.7

201.



CHAPTER XIX

MONGOLISM : AETIOLOGY, PATHOGENESIS,
AND ITS RELATION TO RUBELLA.

Mongolism iIn a sense, should be considered- a
symptom, and not a specific condition baaed on one
aetiological factor. This condition, 1is here dis-
cussed at some length, because 1t appears to result
from an interaction between intrinsic genetic and ex-
trinsic factors, the exact nature of which inter-
action, 1If better understood, would lead to opening
up a whole continent of exploration in the genesis
of malformations.

1. GENERAL SURVEY.

The term, "mongollan', is applied to a type of
idiocy purely in a descriptive morphological sense,
but has no genetic implications as regards true mon-
golian characters.occurring in people of that race
or racial descent. Mongolian idiocy may occur in any
race of any colour, and true Mongolians are not exempt
from the condition, although in them diagnosis is
rendered more difficult.

Mongolian Idiocy was Tfirst recognised by Langdon-
Down in 1866. Brushfield (1924) found a high inci-
dence of strabismus amongst those affected, but he did
not find the "mongollan spot” in any of his cases.
High gums, webbed fingers, and other abnormalities
were frequently noted. Brushfield (1925) found an
oblique plantar arch to be an almost constant feature.
In 34 per cent of his 179 oases ill-health was present

in the mother. Macklin (1929a) found in 68 foetuses
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with malformation especially anencephaly, 13 (20 per
cent) exhibited simian creases which are so commonly
found in mongolism* Benda (1939) states that only
one-third of mongolian idiots have an epicanthal fold
at birth. Growth is found to be at a slow normal
level iIn the first 9 years of life* but early cessa-
tion of growth in height occurs, and after puberty,
dystrophia adiposo-genitails is frequently encountered.
The skull is not microcephalic at birth, but it grows
so slowly as to eventually be small relative to the
child®s age, Brachycephaly also occurs, due to early
arrest in development at the base of the skull.

Benda contends that the mongolian facies results.from
disturbance becoming apparent during foetal life.
Gates cites Muralt (1942) who examined 22 Mongolian
idiots, and found:*

abnormal corneal refraction, oblique

eyelid axes in all cases;

in 14 cases;

was partially astigmatic and poor,
and all except three had cataract.

According to Gates (1946) mongolian idiocy Iis
probably a mutation with recessive inheritance, at
least so iIn most cases. Bleyer (1934) deduced from
the soft elastic folds in the neck, and the tiny
nipples set on a flat surface with a minimum of areola,
that the condition is a degressive mutation.

Schlapp (1925) regards mongolism as a chemical
phenomenon, and found cases iIn Jews and Negroes, In
South Africa, cases are known amongst the Bantu.

Davldoff, (1928) described the brains of 10
mongoloid idiots. They all had, in common, a small. .

cerebellum/. ...



cerebellum and brainstem. The convolutional

patterns were embryonic in type, being large, coarse
and simple. There was a paucity of ganglion oells,
in.the third cortical layer when examined histological-
ly, Findings can be Summarised under three headings.

1) Agenesis (cell paucity with few gyrations)

2) Aplasia (small size, "especially cerebellum
and brain-stem)

3) Paragenesis (frequent occurrence of anoma-
lies) *

Gates quotes Schroder (1939) who made a genealo-
gical study in 50 families where mongolism had appeared.
He found a slight increase in feeble-mindedness, as well
as single malformations and slight anomalies in the
relatives, especially the sibs. A comprehensive
statistical study disclosed that no general correla-
tion exists between mongolism and malformations, but
in pedigrees with mongolism, slight morphological
aberrations are more common. He feels that some com-
plicated genetic.factor is concerned in the inheritance
of the condition. He found more premature births and
higher child mortality in families with mongolism. .
MZ (monozyotic twins) showed 88 per cent concordance.
Twenty-five per cent of all the sibs of mongoloids showed
aberration of intellect, but feeble-mindedness was no
more frequent than in other families. There was,
however, a high familial incidence of strabismus,
attached ear lobes, primitive ear muscles, and poly-
dactyly. He regards the condition as a polymeric re-
cessive with genetioal relations to fieeblemindedness,
associated too, with ovarian deficiency, hypogenita-
lism, and hormone derangement, whereby he explains

the greater incidence of miscarriages and premature
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births amongst mongoloids.

Macklin (1929a), from a wide survey of the
literature, extracted evidence that neither syphilis,
nor advanced maternal age, uterine exhaustion, great
relative differences between ages of both parents,
mental or physical suffering of mother during pregnancy
had any aetiological significance; She found it to be
inherited, but not due to a single pair of recessive
factors. Ip all of 275 cases she found the parents
to be normal; She also recorded 22.cases, where two
mongols occurred in the same sibshlp. Penrose (1934)
added 7 more. There is also a record of 2 mongoloids.
having a total of 3 normal children by a normal spouse.
The maternal age at their birth was 39 years and 40
years respectively, and various components of mongo-
lism were seen in relatives (Halperin 1940).

From evidence such as the above, a recessive IiIn-
heritance is indicated, and yet in a total of 2491
families, 2526 mongoloids were born, that is more than
one to a family. Fantham (1925) found 9 cases among
32 children in a family of 3 generations, where rapid
breeding Was an associated occurrence, though not a
proved aetiological one. Two sisters each bore mongo-
loid children, but transmission also occurred through
the father. Lipizky & Boshes (1942) report the fol-
lowing cases:-

.Two brothers married, and each had a mongolold
child. In both, there had been one previous normal
child, and there was a history of miscarriage, prema-
ture birth, or stillbirth, (recessive inheritance). Cited
are 2 sisters, eaoh giving birth to a mongoloi#.

Cates/.iii~*
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Gates cites Waardenburg, who postulates as an

aetiological factor, chromosomal aberrations such as
loss of a chromosome segment. This view is based on:-
1) infrequent occurrence of mongolism.

2) combination of dominant and recessive
characters.

3) tendency to further abnormalities and
congenital defects iIn sibs.

ABE OF PARENT: In spite of Macklinls conclusion
(supra), Penrose (1935) confirmed, statistically, that
in general, mongols are born to elderly parents. He
felt that mongolism was a recessive condition, with a
high threshold valug more likely to be attained, when
the mother is older. He actually visited 150 families,
and recorded the parental age at the birth of.each
child in a family with at least one mongoloid. He
concluded that maternal age, but not paternal, was
significant. Engler (1944) surveyed 113 cases of
mongolism over 20 years, in a hospital. In 70 per
cent the mother was oyer 35 years, but there were
several young mothers. He also found that the majority
of mopgoloids were the last born in rather large fami-
lies. In at least 12.7 per cent of his cases, a
mongoloid was born following a currettage or the use
of an abortefacient.

0. Wright (1926) showed that the age of guinea
pig dams significantly affected the incidence of white
coat colour and polydactyly in the offspring; but the
age of the sire was unimportant.

Gates summarises his survey of mongolian idiocy
as fTollows: “It appears that all the evidence ex-
cept the usual occurrence of a single case in a family,
leads to the conclusion that mongolism is a simple. --

Mendelian/.....



297 m

Mendel lan recessive, although the age of the mother may
lower the threshold of expression.l Many single oases
might 'be due to family limitation after a mongol
appears. Maternal age or multiparity may induce
placenta praevia which may also he a possible aetiolo-
glcal factor.

Schuttleworth (1909) found 350 single cases, and
Schlapp (1925) Alooovered 500. The low penetrance may
have some relation to extrinsic factors. Hanhart,
(1941) found 285 cases iIn 24 different stocks, and re-
gards the condition as an irregular dominant, the
father transmitting as often as the mother. He also
found the average maternal age to be 35.5 years.
Olinodactyly (deflection of the fingers), and other
finger defects were frequent. He gained the iImpres-
sion that one of the parents usually shows finger
deformities and other defects. In 105 pedigrees, .a
brother and sister each produced a mongolian idiot.
The use of the term "dominant™ is criticised on .
account of the rarity of reproduction in mongols.

C.E. Benda (1946) on the other hand, who did
much work on the same subject, has contrary viexirs:

"my own material of more than 350 families, accumu-
lated evidence that hereditary factors are of no
importance." He noted that mongolism occurs amongst
all social classes, and he feels that feeble-mindedness
occurring in a family, as well as mongolian idiocy, Iis
but a chance association. He considers that, since
many a mongoloid child studied by him has had 10 - 13
siblings, yet in no such family has multiple Incidence
of mongolism occurred. This is at variance with
Mendellan concepts, where one would expeot increased

incidence/. ...



298
Incidence of an iInherited character in proportion to
the number of offspring. Consanguinity, too, he
states, has never been shown to result in increased
incidence of mongolism as compared with the population
at large. Yet he does not deny that hereditary fac-
tors play some part. There would appear to exist,
however, some other factor in the mother upon which
the mongoloid tendency is superimposed.

Benda also draws attention to cases of mongolism
in dizygotic twins. Mutation, 1in such cases,.at any
rate, iIs out of question because of i1ts rarityi
G-illman®s recent work with-trypan blue, rather tends
to confirm that mongolism in dizygotic twins 1is re-
lated to a disturbed metabolic state existing in the
mother at the time of conception. Ingalls (1947)
also remarks on a changed environment at time of implan-
tation, as being able to affect two ova, even iIf not
monozygotic.

Benda (1946) noticed also an increased tendency
to miscarriages in a female who has produced a mongo-
loid child, and he wonders ™"if some of these miscarri-
ages are not abortions of mongoloid babies.” Other
investigators certainly have detected mongoloid charac-
teristics in foetuses. The present writer has on
more than one occasion successfully diagnosed mongollan
idiocy iIn preRature infants born Just after the seventh
month of gestation. Macklin (1929a) found in 68 foetuses
with malformations, especially anencaphaly, 20 per cent,
exhibited simian creases so commonly seen in mongolism.
Benda (1946) has drawn charts to show, that in families
with a mongoloid child at the end of the childbearing
period, the age of the mother, at the time when the..

normal/ _.__._
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normal children were horn, was higher than In other

families, l.e. childhearing commenced at a higher

age than in the control group. Eighty four per cent of
sihs related to a mongoloid child were born before it,
and 16 per cent after it. Quoting the same author!

"mothers TTho gave birth to a mongoloid child had a
period in their lives when they had children at, or
even above, the average for all mothers. Then
something happened: as a result, a mongoloid child
was born, and from that point on, these mothers pro-
duced at a rate which was much below average. The
imbalance between the number of children born before
and afterwards suggests that the birth of a mongoloid
child indicates the development of a pathological
condition of the mother, which bears a definite re-
lationship to her ability to have children. The
decrease i1n fecundity in the.mother, after a mongo-
loid child is not complete, as a small number of
children are born afterwards. The condition of the
mother 1is not irreversible, and yet the material
shows that the birth of a mongoloid child marks a
turning point which is followed by a decided dimlnu--
tion iIn the number of children born subsequently.i

One might ask, however, whether the diminution
in rate of child-bearing after a mongoloid child does
not reflect the mother®"s fears of repetition of the con-
dition, or increased preoccupation with an abnormal
child precluding the care of other children.

Benda"s reply is threefold:

1) The mongoloid baby is liked, is "cute"™, not
distasteful.

2) Mongolism in many cases is not recognised until
several years have elapsed, during which time
the mothers might have become pregnant again.

3) Control investigation on mothers who produced
spastic paralytic children, hydrocephalic in-
fants, etc,, indicated that although many are
first children, the majority of parents conti-
nue to have many more children afterwards.

In.families of more than five children, according
to Benda, the mongoloid is almost always among the

last three children. On the other hand, where the

mongoloid was the first or second child, an unusually
long time existed before the first, or between the two

children./. ..
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This author doubts the advisability of saving a
foetus In an unexpected pregnancy where abortion 1is
threatened, and where the woman is near the menopause.

Congenital cardiac anomalies, also, are commonly
associated with mongolism. The 1incidence, on clinical
evidence is 20 per cent; on pathological evidence,
higher (Hill, 1908*-9). Maud Abbott (1930) stresses
as a "feature of extraordinary interest .... the fre-
quent combination of mongolian-idiocy with ostium
primum™. There may be various valvular and other
anomalies, including patent ductus.arteriosus, pulmo-
nary stenosis, and aortic stenosis.

In mongololds, the genitalia are underdeveloped,
especially in males. Normal sexual maturity Iis rare.
Possibly a relationship exists between the hypogonadism
and the poorly developed adrenal cortex found in the
cases. It is also interesting to note that there is a
relationship between anencephaly, microcephaly, and the
adrenal cortex, though most likely all these anomalies
are secondary to another primary factor. Only very
rarely ar? there concomitant < anomalies of other endo-
crines, e.g, absent thymus, persistent thymus, pitui-
tary dwarfirm, pituitary enlargement, and absence of
thyroid. Benda (1946) concluded that there is a
constant pathological condition of the pituitary as
shown by deformities or abnormalities of the intracel-
lular secretary granules; "Mongolism is the congenital
type of hypopituitarism.” Ingalls (1947) quotes defor-
mities such as ectropion, blepharitis, myotonia, and
hydrocephalus as not.originating in any particular
stage of development. Those malformations which can

be/
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Ye correlated with embryological growth are: narrow,
oblique palpebral fissures, malformed ears, small

size of pharynx, slit nostrils, defective and abnormal-
ly high palate, interventricular septal defects, spina
bifida, syndactyly of fingers and toes, small unde--*
veloped testes, hypospadias and atresia ani, Ingalls
(1947) autopsied 13 cases, and found no characteristic
gross or microscopic changes in the endocrine glands.

In one instance only, was the sella turcica and its
contained hypophysis unequivocally small; one infant
aged g months had marked hypoplasia of the cerebellum,
pons, and medulla, with a suprasellar tumour located
Just posterior to the hypophyseal stalk* Are the above
autopsy findings not secondary to some intrinsically
primary genetic set-up? Bauer (1945) develops a theme
showing how an intrinsic genetic constitution merely
employs the endocrine system as a means to express end
results; the endocrines are not primarily at fault,

Two other infants in the series of 13, died of leukaemia,
one at 8 weeks, (acute myeloid leukaemia), and one at

19 months with ucute lymphatic leukaemia. This may also

be an illustration of hidden genetic factors at work,

2) MONGOLISM AND RUBELLA; Up to the Australian Survey
in 1946, mongolism was associated with maternal disease

as follows : .

Disease No, of cases.
Rubella 4
Mumps 2
Pustular rash of

obscure origin 1

Out of the above 7cases, all but one were asso-

ciated with Infection in second half of pregnancy.

15 cases/,, ...



Fifteen oases of mongolism were surveyed retrospec-
tively in the Adelaide Children’s Hospital, hut gave
a negative history of any maternal infection during
pregnanoy. According to Swan, Tostevan and Black,
"at the moment, there are no grounds for believing
that rubella or any other infection during pregnancy,
plays any part in the aetiology of mongolism™.

Aycock and Ingalls, quote data in a survey by
Ingalls and Davies (1947) of 50 mothers giving birth
to mongolian idiots, 5 gave a history of some inter-
current disease, not necessarily rubella, during
gestationt the intercurrent infections which all
occurred in the second month of pregnancy, were rubel-
la, "flu", mumps, mastoidectomy and pleurisy (3rd
month) .

This information contrasts sharply with that
collected by Swan, Tostevan and Black, who found 6
out of their series of 7, to be associated with mon-
golism in the second half of pregnancy. The following
information was also noted from hospital records 1in
the series of 50, as being possibly of potential value

('Sick throughout entire 9 months"
g SICF a| mRnthsr nausea and vomiting,
3 cases - n In rlg e

( Haemorrhaged before delivery.

"continually vomiting".

"Grippe)” during 6 month ._.._.._.. 1 case
Afebrile rash, last trimester 1 case
Alcoholism ... .. ... .. ._._._._._... 1 case

Cholecystectomy, between 2nd pregnancy
(normal) and a 3rd (stillborn), followed
by a 4th pregnancy (mongolian) : 1 case

a 8-gravlda had a 9th (miscarriage at
3 months), followed by a 10th (mon-
golian), ™pink staining” at time of
period - 2nd month __._.____. { 1 case

Summarising/ ...



Summarising, 1iIn this series of 50 cases on
mongolism, “there were 5 instances when a specific,
relatively incisive maternal illness was present at
the 8th week of gestation, and five others in which a
more chronic maternal disorder included the 8th week
of foetal life.*

Attention was drawn to the localisation of the
maternal disease to a specific stage of pregnancy, and
to such concomitant defects, other than primary mongo-

lian stigmata (e.g.- 12 cases with deformed little

finger). These defects included:
Imperforate anus - 3 cases
Webbed fingers - 1lcase
Webbed toes - 1case
Cleft palate - 1case

These deformities may possibly, in some way, be
connected with the.embryological formation of the struc-
tures concerned, e.g- “membranous imperforate anus re-
sults from a persistence of the anal membrane, and
arrest at about the 8th week. The limb-buds are
visible on the 4th week, by the 6th week, there is
crude differentiation of the limbs into their 3 divi- .
sions; phalangeal ossification occurs in the 8th week.
Cleft palate is related to non-union of the palatal
processes, such union normally occurring in the eighth
week'" . (Ladd & Gross, 1934),

Ingalls & Davis (1947) later increase to 7 the
number of cases of mongolism following Intercurrent
disease in the mother. (in 1 case the maternal di-
sease was rubella). They correlate the disease with
the second month of pregnancy and remark on the fact
that mongolism is often associate”™, with cleft-palate,
syndactyly, imperforate anus, etc. which are also

localised/-...
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localise! to the sane period of pregnancy. They

state that, 'since there are 40 weeks to a normal
pregnancy, there is only one chance in forty for a
given illness to occur in any particular week * if
the phenomenon is only a chance one."” They provide

the following table
TABLE XI11: MATERNAL MORBIDITY AND MONGOLL§M-

I
Uge of mother Intercurrent Disease Stage of |
Pregnancy. 1
1 j
E 25 years Influenza 2 months
34 " Rubella 2 months j
\
g8 Mumps 2 months L
1
X 43 " @ Mastoiditis 2 months |
1
28 Pleurisy (in bed 3 2 months 1
m’ weeks) : i
IXK 25 " "Grippe" 2 months L
psxx 30 " . Acute purulent otitis |
i : media and sinusitis
! (with vomiting) 2 months i

X Mother had pneumonia at birth of child and died.

XX On a diet the first month of pregnancy, the
patient lost 15 Ibs. .

XXX Sinusitis occurred just prior to otitis. Mother
was admitted to Hospital because of vomiting,

necessitating intravenous administration of
fluids.

Levy & Perry (1948) performed a controlled study
and could find no definite evidence iIn favour of non-
specific infections such as."flu" and 'grippe'™ being
causal factors in mongolism.

Patrick (1948) investigated, by means of a
questionnaire method, 7822 out of a total of 21,509
children born in Queensland during 1941. Altogether
there were 262 cases where the mothers were certain

that they had contracted rubella during that particular

pregnancy/. ...
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pregnancy and 129 of the children were examined clini-

cally. Amongst these were 2 cases of mongolism.

In the series of 5 cases with anomalies investi-
gated by Conte, McCammon & Christie (1945) in America,
where rubella had been contracted during gestation,
there was 1 case of mongolism. (included in the 5 cases

of Swan et al, 1945). The maternal infection occurred

at the end of the first trimester.

Ingalls (1947) later referred to.another case of
mongolism communicated to him by Benda* In this par-
ticular case, the mother had contracted German measles
towards the end of the first month of gestation.

In a French survey (Gerard-Lefebvre et alter,
1948), where 2,247 foetal case histories were analysed,
there was a definite history of an infective or toxic
incident occurring during the first trimester in 20
cases. All these infants were abnormal and there were
2 cases of mongolism amongst them.

The present writer has a,Lso records of a case

where maternal rubella was folloxired by mongolisms-

A woman, aged 31 years, who had previously
had a.normal baby, contracted rubella between
the tenth and twelfth week of her second preg-r
nancy; The diagnosis seems to be definite,
because her husband is a medical practitioner.
When the child was born it was found to have
the appearance.of a mongollan idiot. It died,
aged 2 weeks, apparently of a congenital car-
diac condition. A subsequent pregnancy pro-
duced a normal child, and there is no history
of any obvious congenital defects on either
side of the family.

Analysing all the above iInformation presented in
this Chapter, the present writer comes to the conclusion
that mongolism is the product of a combination of factors”
partly genetic and partly environmental, ahd that rubel-
la may be amongst the environmental factors operative
in some iInstances, although the evidence to date oh
this point is not yet quite conclusive. Increased.
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maternal age during conception does definitely seem
to play a part iIn some instances, probably by affect-
ing the metabolic environment of the developing or-

ganism,



CHAPTER XX.

MTCROCEPHALY.

PATHOGENESIS: Apparently microcephaly la.a phenotype
with aetiology differing in different cases.

Spencer (1920) described the case of 2 microcepha-
lic sisters born of normal parents who were first.cou-
sins - apparently a case of recessive inheritance. In
this history, the development of the cerebrum appeared
to be arrested. It is conceivable that iIn some cases,
the brain may be intrinsically normal,%but is hindered
from developing by the shape of the skull, as occurs
for instance in oxycephaly. . Other cases are due to
agenesis of the brain itself*

Recessive inheritance is also implied by
Bernstein’s family (1922) of German- descent, where 5
cases of microcephaly occurred in a sibship of 10 with
normal parents and grandparents, All the relatives
were of normal intelligence, but the father is said to
have had an abnormally low forehead.

Halperin (1944) reports on 3 sibships with 8
cases of microcephaly and 19 normals. The parents
were normal (recessive inheritance). He also lists
89 recorded cases in 55 sibships.

Whitney (1930) gives a pedigree of 2 feeble-
minded families, German and Swedish, who intermarried.
In 4 generations, they produced at least 28 feeble-
minded and 3 normal children, thus demonstrating an
apparently recessive Inheritance. There are doubts
as to the legitimacy of the three normal children. In
one sibship of this line, 11 were affected, 6 of whom
were microcephalic and one was normal.

X-Radiation/e._.
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X-radiation may also Induce microcephaly,

Faeber (1933) is said to have encountered microcephaly
and eye defects in_children of mothers exposed to
X-radiation of non-pelvic regions during preghancy.
Goldstein & Murphy (1929) did not find any evidence

of congenital defects in the offspring of mothers.having
had pre-conception radiation to non-pelvic organs.

In "true microcephaly', the brain remains abnor-
mally small with mental development retarded, and
often there are convulsive seizures associated.

The cranium is very small, rarely exceeding 18
Inches in circumference while the face and remainder
of head tend to approach normal size, thereby causing
a characteristic disproportion between the lower and
upper parts of the head. In many descriptions given
of post-rubella, defects, microcephaly is the term used
merely to denote small circumference of the head,.
without regard to the mental status of the infant* |In
“true microcephaly™ the fontanelles close prematurely,
due usually to retarded cerebral development. The
forehead is narrow, the vertex pointed, and the ocoi-
put flattened. The chin is receding, the ears are
large and outstanding, while later in life the nose be-
comes prominent. Microcephalies are generally short-
lived, and have a natural propensity to jump and clirFb
like monkeys. There 1is, early In life, often a
temporary spasticity, u-hile Ig.ter on there is a ten-
dency to hold the head stretched forwards like a bird.
Intelligence varies from idiocy to feeblemindedness,
and the disposition, in general, is unsavoury Wyllie,
1949).
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In the Australian series of 120 cases with post-
rubella defects, 62 exhibited microcephaly, (Swan et
al, 1946), but In the great majority of cases of micro-
cephaly the aetiology is.unknown, though almost cer-
tainly of genetic origin. Clayton-Jones (1947) exa-
mined 20 post-rubella deaf children and found that only
3 had normal sized heads, taking 20 inches ad being the
"normal circumference,

Beswlck et al (1949) saw 15 cases iIn the Paediatric
Department of the University of Cincinnatti between 1944
and 1948, with a "post-rubella syndrome*. Five of
these cases, had microcephaly and by retrospective in-
vestigation, it was found that two mothers had been
exposed to rubella early iIn pregnancy, but did not re-
member a rash; one mother had an exanthem in the sixth
week of pregnancy which was probably rubella, and the
remaining mothers gave a definite history of rubella in
the 3rd week of pregnancy repsectively* The last case
was a twin pregnancy and each twin, in addition to
having congenital heart disease, bilateral cataracts,
deafness and microcephaly, eventually developed
epilepsy later on in life. The microcephaly was
moderate, and at 17 years, the mental development of
the twins did not exceed the 3 year level.

Many post-rubella children do not exhibit micro-
cephaly and yet are mentally retarded, (Swan 1949a).
Sometimes the diagnosis is given as ''cerebral aplasia”

or "cerebral agenesis™.



CHAPTER XXI.

RUBELLA AND ABORTION.  STILLBIRTH

1. ABORTION AND STILLBIRTH : GENERAL SURVEY.

Trauma, physical or psychic may cause abortion.
Criminal abortion is one traumatic method. Mall (1917)
shoxired tiat one of the most usual oauseg of early spon-
taneous abortion is abnormality in the foetus, which
iIs Inconsistent with life or normal development. A
certain number of cases may be due to faulty implanta-
tion of the ovum, systemic disease In the mother such
as diabetes, acute and chronic Infections find rarely
eyphills. Drugs such as lead are not.abortifacient
unless administered iIn poisonous doses. Erythroblas-
tosis is not a cause of abortion, but may be of still-
birth. The question of hormonal unbalance is still
not yet se.ltled. Hain (1942) found in cases of
threatened abortion,that the gonadotrophin and preg-
nanediol secretions were normal, and she suggests
that utilisation, not production, is at fault. In
rats, administration of progesterone is satisfactory
in both threatened and habitual abortion. Mall (1917),
Landtman (1948), and Worcester et al (1950) found a
higher incidence of threatened abortion amongst mothers
of malformed children.

Sutherland (1949), in an exhaustive survey,
found that in the case of stillbirths, ante-natal in-
fluences are likely to be of more importance than ob-
stetrical factors. He also found that there was a
raised incidence of stillbirths associated with the
following states or circumstances: sex of stillborn
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children, males being more commonly affected; age 311,
of mother above 25 years; too long or short periods
between pregnancies; multiplicity of births; pre-
viously high mortality rate in children of a parti-
cular mother; and poor environmental conditions. He
found that maternal rubella in the early months of
pregnancy, haemolytic disease and diabetes did not
contribute substantially to the total stillbirth

rate. Gilbert and Dunlop (1949) showed that there 1is
not only evidence of raised stillbirth rates amongst
diabetics, but also.amongst those who subsequently
develop the disease. Stillbirth, in general, repre*-
sents a very considerable wastage of life, and in 1940-
1942 varied in incidence from 21,9 per 1000 total
births in Holland, .to 43 per 1000 total births in Wales
(Sutherland, 1949). Murphy (1940) found malforma-
tions in the stillborn to be 5,6 times more frequent
than in the liveborn, and Worcester.et al (1950) found
malformed infants to account for 15,9 per cant of

total stillbirths, and 13.2 per cent of total neonatal

deaths.

2. CLINICAL AND AETIOLOGICAL ASPECT WITH REGARD TO
MATERNAL INFECTIONS.

For a long time it has been known that mater-
nal infections of smallpox, measles, poliomyelitis and
influenza may cause abortion. Lande (1950) quotes
the rate of abortion in smallpox as 80 per cent. The
early Australian investigations gained the impression
that rubella contracted during pregnancy, tended to
raise.the incidence of spontaneous abortion. (Gibson,
1945). Aycock and Ingalls (1946) mention one case

of Fox " s
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of Fox"s, where a hydrocephalic stillborn foetus was

delivered after rubella occurring in the first month

of pregnancy. They, themselves, give 4 cases as
follows;- TABLE XII1I.
MATERNAL RUBELLA AND STILLBIRTH OR ABORTION.
| Length of Es timated Haemorr-; Delivery;
" pregnancy death hage ; of j
Case before of before : Dead ;
i rubella foetu3 Delivery” Foetus 1
i
j 1 3 weeks 6 months 2 weeks : 8 months j
j 2 6 " Gi!_ | 1 " 6 | | J
1 3 Uncertain Uncertain none 9 U <
| 4 4 weeks immediate none ; 6 weeks j
Wesselhoeft (1947) describes another 5 cases.
The present writer has had one case personally:

A woman aged 27 had been married for five years
and was unable to fall pregnant. Examination

of the husband®s semen failed to reveal any.ab-
normality. Gynaecological examination also dis-
closed no gross or detectable abnormalities.

She was treated for several weeks with thyroid
sicca grss t.i.d,, after which she refrained from
treatment and was lost sight of for 6 months. At
the end of this period she presented herself for
examination because she lirss "overdue"™ with her
periods by about 2 weeks. Pregnancy was presumed,
and she was referred for re-examination after a
month"s time. However, after a. further fortnight,
she was seen at home with rubella, i1.e. when she
was about 5 or 6 weeks pregnant. The rubella had
been contracted from a child who was a neighbour.
The infection passed over without a.mishap or undue
severity and she was acquainted of the possible
danger of bearing a malformed child. She was also
referred to a gynaecologist, who did not think
that a therapeutic abortion was Justifiable. The
woman herself, also, stated that she preferred to
"take a chance™, in view of her difficulty in be-

coming pregnant in the first instance. Uhen she
was about 8 weeks pregnant, however, she began
flooding and aborted within 13 hours. Unfor-

tunately, the foetus had been disposed of, and
hence could not be examined for evidence of mal-
formations ,

According to Wesselhoeft (1947), manifestations

of rubella iIn pregnant womenare apparently no worse than

in other people. He points out that there is np evi-
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dence yet as to what.effect pregnancy has upon the

incidence of rubella. It would seem that when
rubella has become diagnosable In a pregnant woman,
the virus has already attacked the foetus, so that
administration of serum to the mother, once the diag-
nosis has been established, would appear to be of no
use. Goodpasture noted the extreme susceptibility

of embryonic tissue to virus infection, and hence the
possibility also exists that rubella infection of the
embryo.may occur early during the mother®s incubation
period. In fact, Fenner®s work on the mouse-pox
virus (1948), the biological equivalent of human vi-
ruses, showing how that virus multiplies in the inter-
nal organs during the iIncubation period, rather suggests
that the same may be happening in rubella, and that
the placenta, even may be Involved.before clinical
manifestation of the disease occur.. If such is $he
case, then prophylactic use of serum products will not
be effective unless administered early.

Goar & Potts (1946) described a case of rubella
in the first month of.pregnancy which was later fol-
loxired by a twin birth. One of the twins had conge-
nital cataract and heart disease, and the other was
stillborn. Ober et al (1947) gave 4 instances of
spontaneous emptying of the uterus, with rubella in-
fection In pregnancy, h} 2 cases during the 2nd month
of gestation; in one during the 7th month, and one
during the 8th month.

Swan (1948) undertook an aetiological survey
of stillbirths recorded in South Australia during the
seven years 1939-1945, with especial attention to the.

incidence/. _,.
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Incidence of Infectious disease during pregnancy.

A stillbirth was defined as a "baby of 28 weeks or
more maturity since conception, who is delivered
without showing any sign of life.F¥

Of the 760 pregnancies, studied by Swan, in-

fectious disease other than rubella occurred as fol-

Tows

Morbilli 1 case

Mumps 2 cases
Mumps and whooping cough 1 case
Influenza or coryza 3 cases
Lobar pneumonia 1 case
Coryza 7 cases
Bronchitis 3 cases
Tonsillitis 1 case
"Gastric influenza” 1 case
Influenza 21 @.ses
Rubella. 16 cases (One

doubtful)

Thus the only infection which is comparable to
rubella in producing miscarriage is influenza, a fair-
ly common disease.

During the great influenza pandemic on 1918,
there was a high rate of still-born foetuses and abor-
tions, 1irrespective of the period of gestation (inter-
national Medical Digest, 1945),

None of the infectious diseases above listed,
appeared to shoxv any tendency to abortifacient action
in the early months of pregnancy as is the case with
rubella. As regards stillbirths, of the 16 instances
(1 doubtful) of maternal rubella in pregnancy (Swan
1948), In 13 of these cases the Infections occurred
during the first four months of pregnancy, Only one
mother in this series of 16 has had a stillbirth sub-
sequently, the remaining 15 have had no other still-

births, though 5 cases gave a history of miscarriages

either/. ...
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either prior to, or subsequent to the stillbirths.

In no instance was there.a history of hereditary
deformity or abnormality.

Swan (1948)(1949a) further Indicates that when
a woman contracts an infectious disease during preg-
nancy, several possibilities exist;-

(1) The embryo or foetus may be unaffected.

(@ The embryo or foetus may die due to a
direct action of the organism, or its
toxins, so that abortion, or still-
birth may occur according to the stage
of gestation.

@B) Occurring early in pregnancy, the in-
fection may damage the embryo by pro-
ducing anomalies. The damaged foetus
may either -

(@ die and give rise to abortion or
stillbirth; or

() live to full term, but be unable
to survive birth hazards and hence
be delivered stillborn; or

(© survive to full term, being born
alive with congenital defects.

In the 760 stillbirths investigated by Swan
(1948), 15 or 16 were due to rubella, and in 13 of
these the infection occurred during the first four
months of gestation, thereby iIndicating that damage
to the embryo or foetus may occur early, although it
may survive for a variable period in utero thereafter.
This conclusion is also strengthened by the case of
Soar and Potts (1946) described above, and appears to
explain the majority of stillbirths in maternal rubel-
la. In a few cases (see Ober et al, 1947) stillbirth
may be caused by rubella contracted later iIn pregnancy.

Swan (1949a) analysed £3 eases of
abortions, miscarriages and stillbirths (collected from

several sources in the literature), where the mother

had/...*
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had suffered from rubella during that particular

pregnancy. This series was very small but the
suggestion is, that, as with congenital malforma-
tions, the "oritioal periodl is the first 4 months
of pregnancy i-

4 abortions { Rubella occurred in
2 the first month
2 the second month

9 miscarriages > Rubella occurred in :
2 the fTirst month
2 the second month
3 the third month
2 the fTourth month

25 stillbirths { Rubella occurred iIn :

the first month

the second month

the third month

the fourth month

the fifth month

the six, seventh and

eighth months respec-

tively

3 the month was inde-
terminate.

PNWANW

3. RUBELLA AND ABORTION? THERAPEUTIC AND MEDICO-
LEGAL ASPECTS:

tfesselhoeft (1947) states that after maternal
rubella "any signs of miscarriage should be openly
welcomed .... There is nothing in the dictates of
the medical erofession or in the common law of English-
speaJcing countries that instructs a physician to
attempt to prevent a miscarriage in the face of the
evidence that has been presented .... Physicians are
not bound to preserve life at all costs. Nothing 1is
gained.by saving a life, when agony and anguish lie
ahead.... Because human life is sacred, there are
exceptions to.preserving it at all costs, and under all
circumstances. Physicians are now faced with a redf
exception. No attempt should be made to prevent.a

threatened/ .. _.
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threatened miscarriage in the course of, or after an
attack of rubella, especially when that disease occurs
in the early months. It is entirely up to the Judgement
of the attending physician to bring this to completion
by surgical means. The medical profession is engaged
in the prevention of disease, the preservation of life
and the amelioration of suffering .... The problem
presented by rubella in pregnancy, deals with the pre-
vention of suffering iIn its broadest sense™. Benda
(1946) too, in his book expresses doubts as to the
advisability of saving a foetus iIn an unexpected preg-
nancy, where abortion is threatened, and where the
woman s near the menopause.

Wesselhoeft goes on to point out that even in
Australia, there exist no legal grounds for termina-
tion of pregnancy complicated by rubella (Swan et al,
1943). In fact, all the early writers were not keen
to recommend it. Fox and Bortin (1946) as a result
of their Investigation of 12 cases, In essence, con-
demned it. Wesselhoeft (1947") 1is as we have seen,
in favour of therapeutic abortion iIn such cases, as
are Swan (1949™%), Murphy, (1947), Oordes (1949), Scholes.
(1949), Abel and van Dellen (1949) and very many others.

The "Lancet"™ (1946) emphasises the fact that
in England abortion is a felony, (@) if a woman with
a child unlawfully takes a drug or usee an instrument
to procure her own miscarriage; (@ if anybody else
unlawfully gives her a drug or uses an instrument for
that purpose. Note the Tford "unlawfully', interpre-
tation of which is so very important; @) "No person
shall be guilty of an offence (under this section)....

unless/.___.
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unless it is proved that the act, which caused the

death of the child, was not done in good faith, for
the purpose, only of preserving the life of the
mother."
- In regard to the last point, the case of

Rex vs. Bourne is cited. Bourne, a prominent gynae-
cologist, deliberately and openly procured an abortion
in a.minor female subject, pregnant as the result of
rape. He was acquitted on the grounds, that by his
operation, he was ™reserving the life of the mother®1.
The last phrase was interpreted 'reasonably"™, i.e.
the mother®s health was spared, because i1f the preg-
nancy had continued, the mother would have become a
"physical and mental wreck', due to the fact that her
child would have been a living symbol of the indig-
nity and violence to which she had been subjected.
The same reaction of mind and body might occur to
any woman who is assured that her child will be born
with some terrible abnormality. Looking at the
question from a purely medical viewpoint, it is the
duty of the attending physician to remove all obsta-
cles hindering the patient"s recovery, and should a
woman give birth to a malformed child, it might be
argued that such an occurrence is a definite hindrance
to her complete "recovery'. According to the law,
iT an operation to terminate pregnancy is "justifiable”
then the surgeon is not required to wait until the
woman 3s in peril of immediate death, but i1t is his
duty to perform the operation without delay.

To Interpret the words, 'preserving the life
of the mother™, more pic-wisely, leads to difficulties
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In defence. Wesselhoeft (1947”) suggests that if

tuberculosis Is sufficient to terminate a pregnancy
for the motherlissafety, then so is rubella, because
there always exists the possibility of the mother
having a hydrocephalic infant, which may endanger her
life at the time of birth. Such a possibility Xould
of course be minimal, but nevertheless it is existent.
Just as not every pregnant woman suffering from tuber-
culosis will die, (although there is a likelihood she
Xirill), so also an attack of rubella in the early
months of pregnancy, is not invariably followed by
malformations, but may be.

The Australian investigators s.lowed that
mothers who had produced such malformed children after
rubella, either were so occupied with the case of such
helpless children, or deterred by fear of recurrence
in some future pregnancy, that they apparently re-
frained from having any more children iIn many cases,
to the detriment of the State. . A dead foetus in
utero ordinarily offers no danger to the mother ex-
cept the remote possibility of infection, or psycholo-
gical trauma from the knowledge. Yet the Law allows
in such cases, emptying of the uterus, because the
issue of taking life is not raised. In the case of
a pregnant woman with rubella, there is much more
psychic trauma from the uncertainty iIn regard to the
fate of the unborn child, such trauma being enough
possibly.to endanger the mother®s health, and even
her life. Liberality in the interpretation of the
Law makes all the difference, and in 1938, Justice
McNaughten urged Just such liberal interpretation,
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Wesselhoeft also produced historical evidence
to show how laws have been changed as a result of
public opinion, but the fact still remains, that
termination of pregnancy on the grounds Just discussed
iIs prima facie a Ffelony, even though Juries may be sym-
pathetic. Conviction in such a charge of felony,”™ Im-
plies fining, imprisonment, or.removal of the doctorls
name from the medical register. It is obvious that a
change in the legal attitude would be greatly encouraged
iIT adequate statistics were available,indicating that
risk to the foetus were high (Swan 1949°b).

Swan (1949k) analysed 656 cases from the litera-
ture. He found that the risk of a mother giving birth
to a child with congenital anomalies folloxtfing the con-
traction of rubella in the first 4 months of pregnancy
ranges from 83.2 per cent in the first month to 74.4
per cent, whereas in the last 5 months of gestation the
risk ranges from 11.2 per cent.to 29.2 per cent, with
an average of approximately 22.8 per cent. On this
basis, Swan considers that contraction of rubella by
a woman in the first four months of pregnancy offers
suitable grounds for termination of pregnancy, as the
knowledge of such a mother that there was a 3 to 1
chance of giving birth to a congenitally malformed
child might turn her into a "physical or mental wreck'.
The possibly inaccurate grounds on Ttfhich these figures..
may be based has however been discussed in Chapter XIV.

The mother might also become a "wreck™ after the
birth of a congenitally deformed child, as a result of
the social implications, for the consequences are not
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confined to the affected child, but as Swan says, to
the family, the other children, to the children yet
unborn, and to the community as a whole.

The decision in England, iIn the case, Rex vs.
Bourne, was not given by the highest tribunal, as it
hinged on the iInterpretation of an English statute.
For this reason, it is quite likely, that in South
Afrioa, the courts will not necessarily follow Buch a
decision, because the grounds for lawful abortion in
this country, rest upon common law. (South African
Medical Journal, 1949). The interpretation of the
phrase, ™"preserving the life of the mother™ is likely
to be related to the dangers immediately and in es-
capably consequent on pregnancy. According to
Masters (1947), even if the victim of a rape were to
become a "physical or mental wreck™, this would not
provide legal grounds for performing an abortion.
This also applies to undesired pregnancy resulting
from criminal assault by Non-European upon a white
woman . On the other hand, should an abortion be
procured under such circumstances, the medical practi
tioner concerned, would no doubt be treated with leni
ency, even in South Africa, or the legal authorities
would probably decline to prosecute.

The South Afrioan Medical Journal (1949)
summarises the present position with regard to abor-
tion in this country as follows: "It does seem clear
however, that although health as distinct from life,
may be endangered by a pregnancy, or that the expecta-
tion of life may be shortened i1f the pregnancy is
allowed to continue, legally the medical practitioner
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would not be technically within his rights to procure

an abortion in such ciroumstances. In the strict sense,
this probably applies in cases.of Kh Incompatibility

and rubella in early pregnancy.

"The impeccable legal reasons for performing
a lawful abortion do not seem to cover many instances
which would today readily be approved as medically
suitable for this operation. There 1is, therefore,
much to be said.for an urgent review of the position
in this country.”

Swan et al (1946) report 2 oases subjected to
therapeutic abortion in Australia. One foetus sub-,
sequent to the operation, showed unilateral cataract.

In this case, the mother had contracted rubella in the
second month of gestation. The other case where
abortion was procured, was one where the mother had con-
tracted rubella just.prior to conception, and the "foe-
tus appeared normal’. One would like to add, there,
that had the foetus lived, the possibility of some mal-
formation becoming evident at or near term, cannot be
entirely excluded.

Some mothers who have given birth to a conge-
nitally deformed child are nervous about having sub-
sequent children because of the possibility of a
“"family taint'. Where such abnormalities have
followed on an infection with rubella iIn pregnancy,
assurance can be given with fair certainty that the
malformations will not be reproduced in later pregnan-
cies. In this way, some cases of attempted criminal

abortion may be forestalled.



CHAPTER XXI1.

OTHER MATERNAL VIRUS INFECTIONS
AND
MORBID CONDITIONS

1. GENERAL SURVEY.

In Milwaukee, U.S.A_., all common virus infections
are legally notifiable, including rubella. Fox et al
(1946), 1investigated measles, mumps p.nd chicken pox
from 1942 to 1945, as possible teratogenous agents. «
They chose these infections particularly, because they
are much more often correctly diagnosed, and notified,
than either rubella or poliomyelitis. They also occur
commonly in the population at large and hence offer
statistical material.

These authors surveyed the notifications and found
that 100 cases of measles, 356 cases of mumps and 77 of
chicken pox were entered for patients whose names were
prefixed with “Mrs". Specially primed Public Health
nurses armed with special forms interviewed the 64 per
cent of these women who could actually be located. No
dental or equivocal anomalies were recorded. Any
children listed by these nurses as having a congenital
anomaly, deafness, or any cardiac disorder were then
subsequently examined by one of the authors. There
were 589 live births before the onset of one of these
three diseases, with 6 of the children exhibiting ano-
malies, A further 76 children had been born of preg-
nancies which had begun after the mother had recovered
from one of these diseases. The number of children
born of mothers who did not have any of these diseases
In pregnancy was 589 plus 76, or 665, with 6 cases of.
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324
congenital abnormalities, or a “normal”™ Incidence of

0.9%per cent.
The above 589 women had borne 109 live children

after recovery from one of these virus diseases. Of
these 109 children, 33 had been born of mothers who
had had one of these virus diseases during gestation,
but there was only one congenital anomaly, namely a
unilateral hare-lip. The above series 1is however,
too small to formulate definite conclusions,

Swedish workers (Gronvall and Selander, 1948),
extended their study from September, 1945, to cover
several large cities”™ as follows:-
©O) An examination of children whose mothers had

suffered from such diseases as rubella, mea-
sles, chicken pox, mumps, infective hepati-

tis, or anterior poliomyelitis during preg-

nanoy .

an A search for virus diseases during the preg-
nancies of mothers of children suffering from
certain deformities. Scarlatina, though not
a virus disease was also included in this in-
vestigation, being regarded as a possible tera-
togenous agent. These authors give tables
showing that of 354 mothers who had congenital-
ly defective infants,
5 had had rubella, )
1 had had measles, )
1 had had chioken-pox)
5 had had mumps ) during pregnancy
There were also at least 3 who had suffered from
hepatitis and two from poliomyelitis. Thus 5.1#per
cent of these mothers had suffered from virus disease
during pregnancy. The “normal* incidence of congeni-
tal disease, based on controls, consisting of many
thousands of mothers confined in maternity hospitals
was 0.47 per cent. The suggestion is that the virus
diseases iIn question were about 10 times more frequent
among mothers of defective iInfants as among controls.
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The writers oonclude that rubella, mumps, infective

hepatitis and anterior poliomyelitis may injure the
foetus, although rubella in this respect may be much
less dangerous iIn Sweden than it seems to have been
in Australia.

Lande (1950) found amongst 15 institutional in-
fants and children in Illonois with congenital mal-
formations resembling the post-rubella syndrome, a
history of rubella was present in 7 cases; but In 5
cases of the series, a history of common cold within
the first trimester and in one case a history of
virus influenza,was obtained. This writer concludes
that approximately 6 per cent of institutionalised
children with congenital malformations of heretofore
unknown aetiology, may be attributable to early virus
infection. The whole study group consisted of 252
preschool children of xirhlch 220 had congenital defects
not due to birth injury, postnatal infection or known
hereditary factors.

The present writer however, criticises this
figure of 6 per cent on the grounds that the histories
were obtained retrospectively, after repeated question-
ing, both by questionnaire and by personal iInterview.
Yet these figures agree well with the statistics from
Sweden above quoted (6.1 per cent). On the experi-
mental side, it is Interesting to note that Hamburger
and Habel (1947) cultured the influenza virus on the
chick embryo and found that anomalies could be produced
in the 48 hour embryo.

Landtman (1948) found that apart from antepar-
tum haemorrhage and toxaemia, various morbid states
were observed during early pregnancy in 42.5 per cent
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of the 73 mothers who gave birth to malformed children.

Acute iInfectious diseases occurred In 12 cases (in-
fluenza, cold, bronchitis, sore throats, pneumonia,
pyelitis) all in the first trimester of pregnancy.

Or the 200 mothers with.normal children who acted as
controls, a total of 14.5 per cent had a correspond-
ing history of various disorders during their pregnan-
cy, There irere 9 cases of acute infectious disease,
of which however, six occurred after the first trimester
of pregnancy. In none of these cases, was the acute
infectious disease, rubella, however® nor were the
listed.malformations suggestive of the "rubella syn-
drome™. The morbid conditions were varied and inclu-
ded conditions like mitral stenosis, diabetes, jaun-
dice etc. From the data collected by Worcester and
co-workers (1950), it is suggested that maternal in-
fections other than syphilis and toxoplasmosis, late
in pregnancy, may be important in the aetiology of
hydrocephalus where this condition occurs as an i1so-
lated defect.

Worcester et al (1950).studied 677 congenital-
ly malformed infants in Boston. They found that the
number of births of infants whose anomalies required
presumably more than one month for their development,
was consistently high in the third and fourth quarters
of the year. This dates their conceptions and organo—
genetic periods iIn the fourth and first quarters of
the year, a time when respiratory diseases are common,
These workers found, however, that only one per cent
of mothers gave a history of febrile illness in the
first trimester of pregnanoy, and they note the proba-
bility of poor recollection on the part of mothers.

regarding/.. .



regarding minor Illnesses during gestation.

Miller (1950) emphasises the rarity of
exanthemata other than rubella over the age of 15
years. He gives the following table !

INCIDENCE OF DEFECTIVE INFANTS FOLLOWING MATERNAL IN-
_FEOTIONS IN EARLY PREGNANCY (EXCLUDING RUBELLA)

TABLE XIV. I
! 1st 4 months of Pregnancy
i Maternal
Infeotlon Exposed Defective \
i Infants Infants  j
by
iRubeola. (Measles) 13 . 4
| Epidemic parotitis 24 6 )
i
!Varicella 7 i
ilnfectious
Mononucleosis 6 3
JjPoliomyelitis 36 2
| TOTAL : 86 16

Seven of the children had cardiac defects;
and there were 10 other defects found, Including mental
deficiency, pyloric stenosis, harelip, genu valgum, Im-
perforate anus, absent auditory meatus, hypospadias,
corneal opacities, clubfoot and cataracts. None of
these defects occurred more than once except cataracts
which were seen in 2 children. The value of these
figures 1iIs questioned, because the method of collect-
ing data favoured the reporting of defective children
as compared to those who escaped, although the sugges-
tion is that there is a higher incidence of defects in
the offspring of mothers suffering from the above
exanthemata in early pregnancy,

Landtman (1948) suggests maternal tuberculosis

as a possible aetiological factor in malformations,and
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Murphy (1947) reported a series of 109 malformed
children where the parents had pulmonary tuberculosis
In 16 Instances.

Jones (1950) describes oases of congenital
malarial infection by p. falciparum occurring In the
infants of three European women in Lagos. Only
one of the mothers admitted to any recent malarial
infection, so it is possible that in the other two
oases, Infection may have occurred a considerable
period before birth. No mention was made of any con-
genital .anomalies beihg present in any of the three
infants,

There appears to be no evidence that other
bacterial infections during early pregnhancy may cause
congenital malformations. The X'nriter had a case who
contracted typhoid fever in the 10th week of gesta-
tion, was hospitalized for nearly two months and pro-
duced a normal full-time infant. Another of his
oases who contracted typhoid between the sixth and

eighth week, aborted 3 weeks later.

2. INFECTIOUS MONONUCLEOSIS.

Miller et al (1949), from questionnaires,
noted five cases.of iInfectious mononucleosis occurring
during gestation. A sixth was later reported. Three
of the children were born with malformations, two
having cardiac lesions, and a third haying cataracts
with possibly a oardiac lesion as well. Prior to
the birth of these 3 malformed children, the maternal
infections diagnosed by a medico in each case all
occurred in the first 10 weeks of pregnancy. Al-
though this series is admittedly small, a relatively

strong/e..
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strong teratogenous effect is suggested for Infectious
mononucleosis and the leslpns produced may he .dumilar
to those found in the post-rubella 'syndrome'. It is
to he hoped that many more case reports will oome to
hand In the future, as infeotious mononucleosis is

not always a simple disease to diagnose, and confusion

with rubella on clinical grounds is not inconceivable.

3. MATERNAL POLIOMYELITIS AND EFFECT ON FOETUS.

Aycock and Ingalls (1946) investigated 131
infants born of women who had poliomyelitis iIn preg-
nancy. In 33 cases, the pregnancy ended in abortion,
miscarriage, stillbirth, or death shortly after birth.
Of the 98 children remaining, there was <Xe case of
club-foot, and one case of heart disease, The mothnis
of the latter 2 children had had poliomyelitis in.the
second and third months of pregnancy respectively.

The Incidence of anomalies is 2 per cent iIn this
series or.about twice the normal rate. The normal
rate of 0.9 per cent was obtained by Fox from cases
reported to the Milwaukee Health authorities.

Fox and Waisman (194?) found that the total
number of recorded iInstances where pregnancy and
poliomyelitis, occurred coincidentally, was 175. The
data for the 1945 and 1946 epidemics indicated that
of 24 married women admitted to the South View Iso-
lation Hospital with the diagnosis of poliomyelitis,
14 were pregnant. These workers gained the impres-
sion, without being able to produce figures, that
the Incidence of poliomyelitis vas greater in preg-
nant than in non-pregnant women. The influence.of
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the glandular changes in pregnancy which affect the
physiological balance of the patient and therefore
susceptibility.to poliomyelitis apparently heightened
susceptibility.

Setala (1947) Investigated material consisting
of 15 cases of poliomyelitis in pregnanoy. In two-
thirds of these cases,<=(10), the disease was contracted
during the latter half of pregnancy. Five cages were
fatal, 4 of these being where the disease had begun 1in
the second half of pregnancy. There were NO mis-
carriages. In patients who survived, the poliomye-
litis did not influence the course of the pregnancy
except In some cases with paralysed abdominal muscula-
ture. All the surviving cases produced five children
without any discernible symptoms of poliomyelitis,
and apparently normally developed, with normalLbirth
weights. A fatal case of meningo-polio-encephalitis
is, however, actually reported in a three weeks old iIn-
fant whose older sibling also contracted the disease,
both cases probably originating from a common source
of infection.

Gifford and Hulllnghorst (1948) .presented
170 cases of poliomyelitis in pregnancy. They did
not find age, parity or stage of pregnancy to particu-
larly .influence susceptibility of women to this di-
sease. Of the bulbar type, there was a 23 per cent
incidence, incidence being increased in the last
trimester. Bulbar poliomyelitis did not appear to
induce abortion or premature delivery, or to cause
precipitous delivery. A maternal mortality of 19
per cent and a foetal mortality of 26 per cent is

reported/., ..
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reported. One-third of foetal deaths were in-

trauterine and.undelivered, being associated with
maternal death. Caesarean section offers a good
opportunity to obtain n viable child, when death of
the mother is imminent. Poliomyelitis may be trans-
mitted to the newborn, but there is no definite
clinical histological .or virological evidence of its
transmission in utero.

Taylor and Simmons (1948) observed 25 cases
of poliomyelitis complicating pregnancy, during the
Colorado epidemic in autumn, 1946. Nineteen of the
25 occurred in the first half of pregnancy. No oase
of congenital poliomyelitis has ever been recorded,
although poliomyelitis has been seen in infants as
early as the 11th day, and 3rd week of neonatal exis-
tence, (Horn et al 1948)Jthereby suggesting that the
virus does not easily pass the placental barrier and
that passive iImmunity 1b only short-lived.

In the above series of 25 cases : Spontane-
ous abortion occurred iIn one after 6 weeks of preg-
nancy, One stillborn twin was delivered post mortem
by Caesarean seotion, the other of which died of
pneumonia at 18 days. Poliomyelitis occurred when
pregnancy was 37 weeks old. One male infant died
28 hours after birth. The diagnosis was that of
pneumonia following spontaneous delivery. The
poliomyelitis infection occurred when pregnancy was
19 weeks r'gone’. One abortion occurred after 6 weeks
of pregnancy. Other women with poliomyelitis in the
4th to 6th weeks of pregnancy numbered four, and all
these bore spontaneously and the children were 'nor-

mal “. In/.,.



331
mal . In fact the abortion was the first casualty

out of 11 women who got poliomyelitis before the 16th
week of gestation.

Fox et al (1948) emphasise the difficulty of
ascertaining the incidence of foetal morbidity in re-
lation to maternal poliomyelitis* They iIndicate the
uncertainty of diagnosing and hence of notifying
poliomyelitis in the pre-paralytic, non-paralytic and
abortive forms. In fact, the given incidence of
rubella too, is also subject to some error, because
of the relative frequency of misdiagnoses. However,
on their figures they estimate that for poliomyelitis
in pregnancy, the over-all incidence of congenital
anomalies is about twice the expected rate, and in
the case of poliomyelitis in the first four months
of pregnancy, nine times the normal rate.

Hiller et al (1949), with their own cases,
and those from the literature, collected 36 instances
of poliomyelitis in the first four months of pregnanoy
diagnosed by a medico. Of these, only two defective
children were observed, one.with a clubfoot and the
other with a cardiac lesion. Thirty-six cases col-
lected from the world literature is a very small
number on which to base accurate estimates regarding
the incidence of congenital malformations in polio-
myelitis .

4. MATERNAL MORBILLI.

Swan, Tostevan and Black (1946) investigated

morbilli in pregnancy xd-th the following results.
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TABLE XV

MATERNAL MORBILLI AND CONGENITAL DEFECTS

Total Number of Gases - 18.
(Swan et al., 1946)

Peg;od g%' Congenitalj

Pregnancy Gases Defect

1st month
2nd month
3rd month
4th month
5th month >
7th month i
8th month i
9th month

i >

Jj Indeterminate

RPNFRPWOWANP
OO0 OO NNO O

1 case

They analysed the nature of the abnormalities

as follows:

Spontaneous abortion, 10 days after onset of
exanthem - 1 oase

Heart disease - 1 case

Heart disease and pyloric stenosis - 1 case
G-enu valgum - 1 case

Birth weights showed nothing significant.

Fox et al (1948) surveyed in Milwaukee, cases
of measles notified during 1942 - 1945. There was
one case of measles occurring iIn the first month of
pregnancy with no anomalies. There was one case of
measles in the fourth mpnth of pregnancy with congeni-
tal unilateral hare-lip. There were Tfive births from
women contracting morbilli in the 5th month of preg-.
nancy (included is a twin birth) - with no anomalies.
The incidence of.anomalies is therefore one iIn 7 or
14 per cent, i.e. more than 15 times themormal in-
cidence which was found to be 0.9 per cent based on
figures in this series from women without any.history
of virus infection co-incident with pregnancy, -The
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hare-lip anomaly occurred in one of 2 children born

to mothers who had had morbilli in the first four
months of pregnancy - an incidence of 50 per cent or
55 times more than normal. However, this series of
7 cases iIs too msall and the single anomaly may have
been a chance occurrence; so here again the figures
cannot be regarded as reliable.

Miller et al (1949) 1iIn a questionnaire to
many thousand specialists and medicos in the United
States, gathered 5 cases of maternal morbilli with
only one defect noted, namely, mental deficiency Iin
a child whose mother had had measles in the eighth
week of pregnancy, A combined list from many investi
gators including Fox and his co-workers provided a
total of 13 cases of morbilli occurring in the first
four months of pregnancy, as diagnosed by a medical
man. In this series there were 4 defective children
born, an incidence of about 30 per cent. The anoma-
lies included mental deficiency, congenital cardiac
disease, hare-lip and genu valgum. It is conceiva-
ble, of course, that some normal children born after
maternal morbilli were not reported, owing to the
greater interest shown by doctors in reporting abnor,,
mail ties.

The present writer feels "that although morbil-
li In pregnancy may occasionally have teratogenous

effects, the evidence to date is inconclusive.

5. MATERNAL MUMPS.

Swan et al (1946).found six cases of mumps
recorded during pregnancy. The infection occurred
in the first month (2 cases), the fourth month_(l.
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case), Tifth month (2 dases), and seventh month (Il

oase). Theae pregnancies were subsequently followed
by a very high incidence of congenital abnormalities,
In the light of inveatigationa by other authors* The
nature of the abnormalities was as follows:-

Mongolism 2 (one with heart disease, both with
microcephaly).

Bilateral corneal opacities

(G-f months of pregnancy) ( The birth
NAEVUS  wesoeoeoeoeeee e 1 ( weights showed
First th of ( nothing of
(First mon of pregnancy) ¢ significance.

Imperforate Anus .........
(First month of pregnancy)

It must be emphasized that this information
was obtained by retrospective study. One case had

both rubella and mumps late iIn pregnancy.and no de-
fects of any kind were found in the baby.

Fox et al (1948) discovered 22 children whose
mothers had suffered from mumps during preghancy. In
ten out of these cases, the disease had occurred in
the first four months of gestation. (Six actually
occurred in the first three months of pregnancy.)
However, 1in this whole series of 22 children, there
was not one congenital anomaly. These authors con-
clude that mumps does not affect to any marked degree
the incidence of foetal abnormalities.

The present writer had one case of mumps
during pregnancyt-

A woman of 35 years (a 3-gravida) contracted
mumps when she was Justabout 4 months preg-
nant. She had contracted the infection from
her children, two of whom had the disease,
The parotid swelling was bilateral, very
marked, and she was confined to bed. Nine
days after the swelling had commenced, she
began to haemorrhage slightly per vaginam."®
She was given 10 milligrams proluton intra-

muscularly for 3 successive days, when the....
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"bleeding stopped. The "baby who was horn
full time, was cyanotio at birth and .
weighed 10]- Ibs. Her previous children
had each weighed between 8]- and 9¢- pounds.
The cyanosis cleared up in a fedar hours,
and the only abnormalities which the child
had;were two naevi, one upon the scalp
near the occiput about the size of a florin,
and the other upon the upper left thigh about
the size of a shilling piece. He 1is now
three years old, and apart from the naevi,
which may be a chance occurrence, is other--
wise perfectly normal. In view of the pro-
gressively increasing size of her infants the
mother is also under observation for the pos-
sible development of diabetes mellitus.

Miller et al (1949) from questionnaires, Tound
eight cases of maternal mumps with defects in two
children whose mothers had had respectively the disease
in the thirteenth week (hypospadias), and the thir-
teenth week (pseudo-optic neuritis). A combined list
iIs given from various investigators, showing 19 oases
of maternal mumps diagnosed by a doctor in the first
four months of pregnancy. Out of these 19 cases,
three children were bom with defects (imperforate
anus, hypospadias, and corneal opacities).

G-reenberg and Beilly (1949) report a case
where a parotid swelling developed in a 31 year old
female, who had previously had two spontaneous abor-
tions. The parotid swelling was diagnosed as mumps
and occurred nineteen days after the onset of the
last menstrual period, and conception was estimated
as having occurred on the 11th post—-mentrual day
according to the body temperature curves. She was
delivered prematurely of a living child about 2 months
before the expected date. The infant had a mere crater
of skin where the right ear should have been and the
external auditory meatus was absent. The other ear
appaared normal in all respects. R

Once again, more evidence is required before

mumps.can definitely be Implicated as a teratogenous

aSent* 6. HERPES/ . ...
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Swan et al (1946) by retrospective study foufiL
2 oases where herpes zoster had occurred during pregnan-
cy.- In the one case the disease occurred during the
fourth month, but "there was also a possibility of sub-
clinical rubella infeotion in this case. The child
was born with microcephaly, deaf mutism, and congenital
cardiac disease. In the other oase , herpes zoster was
contracted in the sixth month and the child was born
with myoloooele, bilateral talipes and right genu
recurvatum. .The birth weights of both were within
normal limits.
The present writer records the following case
which may prove to be not without significance,
A woman gave the following history about
a previous pregnancy. She was about 25 yoars
old, and had developed a rash on the left buttock
when she was 6 weeks pregnant. -This rash had
never been definitely diagnosed, although she had
seen more than one dermatologist. The original
rash apparently disappeared within a few days,

and after receiving injections and local treatment,
the secondary erythema and irritation subsided in

a matter of weeks. The cailcj. was born at full
term, was perfectly normal, and is now 3 years
old and free from any defects. She was not

attended by Dr.E. up to this time.
She oame under Dr. E. *s care for her second

pregnanoy. At about the sixth week of gestation,
she developed a vesicular rash on the left buttock
again. The vesicles had an erythematous base,

and were diagnosed both by her medical attendant,
and a dermatologist as being an obvious herpes
simplex, apparently recurrent, because as she
stated, -the original rash during her first pregnan-
oy had been of a similar nature when it had first .
started, She was given local X-ray treatment, and
the rash cleared up very quickly without recurrence.
At about the 28th week of gestation she aborted
spontaneously iIn a nursing home. Unfortunately the
foetus was not seen hy any doctor and no autopsy
was performed upon it. A nursing sister, who, how-
ever, did see the foetus, said that there were no
obvious abnormalities.

Five months prior to the date of writing,
this woman again fell pregnant and once again deve-
loped the.same type of rash at about 6 weeks. The
rash cleared up after 24 hours, with aureomycin

treatment. There has been no recurrence and the
patient iIs at present under the care and observation
of a specialist obstetrician. E u

More/ ....
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More case records are required before herpes

can be assessed as a teratogeneous agent.

7. -MATERNAL VARICELLA,

Swan et al (1946) encountered two cases, both
occurring during the 7th month of pregnancy* Both
children were female, but only one.was abnormal, evi-
dencing heart disease and a naevus. The weights were
within normal limits.

Pox et al (1948), in their Milwaukee survey
of married women contracting chicken pox during the
years 1942-1945, found only 4 Cases where the disease
occurred in pregnancy. In none of these mothers was
the exanthem.contracted during the first two months
of pregnancy. Two had however, suffered from the

infection in the first four months (one in the 3rd

month; one iIn the 4th month), The other two had
varicella in the fifth month. There were NO congeni-
tal anomalies at all. Oonte et al (1945) records

the case of a normal male infant being born after
the mother had contracted varicella in the second week
of pregnancy.

The low Incidence of chicken pox iIn pregnant
women, or in adults for that matter, 1is probably re-
lated to the general endemicity of the disease which
offers opportunity for infection before maturity.

Miller et al (1949), extracted from question-
naires (to some 6,000 specialists in the United States,
and to Kansas medicos,) 6 cases.of maternal varicella
definitely diagnosed by doctors. One child had

cataracts whose mother contracted the infection in
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the 5th week of pregnancy. In the collective list,

including cases from the world literature, they
found maternal chicken pox in the first four months
of pregnancy, (definitely diagnosed) reported 4 times
with one case of congenital cataractsi
Here again, the suggestion is that maternal
varicella may occasionally produce cataracts.in the
children, hut much more evidence is required.
The present writer here also records a case
of chicken pox occurring.in the first trimester, the
child being horn normal.
The woman, 24 years old, is the wife of a
dermatologist, so the diagnosis of chicken
pox was not in doubt. .She was three months
pregnant at the time of infection and this
pregnancy was her first. The child,.a girl,
was torn at full term -.ad weighed 6 pounds
10 ounces and seemed perfectly normal. At
the time of writing, the child weighs 15F
Ibs. and has been pronounced by a paediatri-

cian to be clinically normal except for slight
underweight.

Greenthal (1945) refers to a chicken pox infection
occurring in a mother during the latter months of preg-
nancy. The child was born normal and later contracted
chicken pox at the age of Wo years. |If the foetus Is
not immunized when the mother contracts a contagious

disease during pregnancy,mthen presumably the foetus is
not harmed by the disease.

8. MATERNAL VACCINATION IN FIRST TRIMESTER OF
PREGNANCY"*

VACCINIA 1is a general infection. Various
investigators have shown that the virus enters into
the bleed stream and becomes widely disseminated
throughout the tissues. (Greenberg and Appelbaum,
1948), The possibility, therefore, of the virus
attacking the human embryo was studied, FolloxtFling
an outbreak of variola in New York City in 194V,
more than five million people were vaccinated.

Greenberg et al (194b) conducted Wo parallel stu-

dies, one in child health stations, and one in -
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maternity wards of hospitals. The two investiga-

tions complemented each other as there is a higher
incidence of congenital malformations found Immediate-
ly after birth and many infants die of such anomalies
during the neonatal period. Other congenital de-
fects which are unrecognisable early in life, become
obvious somewhat later in childhood, and are recog-
nised at child.health centres. Duplication of cases
was eliminated.

Greenberg and his co-workers found 4,172
women to have been vaccinated during the first
trimester of pregnancy, with a 1.63 per cent inci-
dence of congenital malformations. A control non-
vaccinated group of 2,186 women in the Same period of
pregnancy, had a 1.37 per cent incidence of congeni-
tal anomalies. Thus there were no significant dif-
ferences i1n the figures for each group.

The vaccinated group gave birth to 343 pre-
mature infants, or a rate of 8.2 per cent while the
unvaccinated.group gave birth to 185 premature iIn-
fants or a 8.5 per cent Incidence.

The death rate from congenital malformations
in New York City during the four months representing
the first trimester of pregnancy of the observed
women, was compared with the corresponding months the
previous year, and no significant difference was
found. (48.8 per 10,000 live births as against 47.2
per 10,000 live births). There was no apparent in-
crease in the ratio of stillbirths to total births
in 1947, during the months when the stillbirths may
have been conceived, over the ratios of the corres-
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ponding months of the previous year.

The above workers conclude, therefore, that
smallpox vaccinations of women in the first trimester
of pregnancy has no demonstrably celetericus effect

on the developing embryo.

£. CHILDREN WITH SO-CALLED RUBELLA SYNDROME WHOSE
MOTHERS HAD NO KNOWN INFECTION PURINO PREGNANCY.

Cases of congenital anomalies apparently
identical with the post-rubella types, are described,
inhere the mothers denied any infection during pregnancy
(Swan et al 1943; the New South Wales Committee, 1945;.
Carruthers, 1945; Goar and Potts, 1945; Hopkins, 1946).

Miller et al, (1949) iIn a questionnaire co-
vering the United States, found 14 cases of children
with the so-called rubella syndrome, whose mothers had
no known infection during pregnancy. To be consi-
dered under this heading, the children had to show two
or more of the common defects commonly associated with
the "rubella syndrome™, namely cataracts, deafness,
microcephaly, mental deficiency and congenital heart
disease. One of these cases had, in his family,

3 siblings, all of whom had congenital cardiac disease.
Another case had a dwarf sibling. The remaining 36
had normal siblings. Only iIn two cases, did birth-
days correspond with the peak of births associated
with the rubella epidemics. The conclusion drawn,

was that either the rubella syndrome has mere than one
aetiology, .or the mothers had had rubella without
knowing 1it. In this connection, it may be mentioned
that the diagnosis of rubella is not always easy or

obvious *
Bestrick/......
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Beswick et al (1949) describe three cases of
the post-rubella syndrome, where the mother xes
actually exposed to rubella, but did not remember hav-
ing had a rash. Presumably in these cases, the rubel-
la had been contracted unnoticed.

Lande (1950) mentions cataracts and severe
ocular defects in children following infections of
influenza.and the common cold incurred during early
pregnancy. All of these cases had severe mental
deficiency, with some degree of microcephaly in a few
oases. Some were dystrophic and one appeared deaf.
The whole series consisted only of 6 cases and cannot
therefore be regarded as very convincing, in view of
the fact that mothers retrospectively may tend to
exaggerate any infection during a pregnancy which is
followed by an abnormal child. On the other hand,
ifT the common cold and influenza virus do occasional-
ly produce teratogenous effects, many cases of child-
ren with "rubella syndrome™ whose mothers had no
known specific infection during pregnancy, might be
explained on.the basis of infection by the above

viral agents.

10. PREOONOEPTUAL VIRUS INFECTION.

Gillman et al (1948) injected trypan blue into
female rats 16 days before conception and obtained ab-
normally Jaundiced pups. Rats injected the day before
conception yielded a 25 per cent incidence of abnormal
offspring. Apparently some metabolic disturbance remains
operative when conception occurs.

It is well known that viruses persist in the
tissues for long periods and henoe may be present when
the embryo comes into being, thus exerting a teratogenous

effect/, ..
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effect during the stage of rapid multiplication hy

susceptible embryonic cells. In the case of rubella,
the power of persistence iIs suggested by the occurrence
of relapse iIn this disease (Swan, 1949M).

Gregg (1941) found a congenital cataract in a
child whose mother had had rubella three months before
conception.

Swan et al (1946) found two mothers who had con-
tracted rubella 13 days and 6 days before conception re-
spectively. The first gave birth to a normal child,
while the seoond was therapeutically aborted at three
months and seemed normal.

Hall (1946) described a syndrome of congenital
cataracts, deafness and heart disease encountered iIn a
child whose mother was treated for a "sharp attackl of
rubella 6 weeks before conception.

Wesselhoeft (1947) mentions a case, personally
communicated to him, of a woman who had contracted rubel-
la 10 days preconceptually. Her offspring suffered
from bilateral cataracts, patent ductus and hydrocepha-
lus,

Fox et al (1948) surveyed 76 children born of
pregnancies, where conception had taken place from 3
weeks to slightly more than 4 years after the onset of
measles, mumps and chicken pox. In this series, there
were no anomalies. The impression gained by these in-
vestigators was that conception taking place after re-
covery from these three diseases is not significantly
followed by a raised incidence of congenital anomalies
in the offspring. .

A case/ .»e.
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A case 1S here recorded:

A Tiraren was admitted to the City Hospital
Edinburgh on the nth “Torch. 1975. The Medical
Super*Intendanu commuiucaCea In a letter- of uuw
epviQopnt waiter* -

“The diagnosis of measles was confirmed, the
patient showing the characteristic acute febrile
disturbance with rash, Koplik spots and catarrh.
There was no adenopathy and there were definite
signs of bronchitis. You can take it beyond
question that the cawe was one of measles and not
rubella. The patient made a good recovery and

was discharged from Hospital on the 17th March,
1945™. _

She subsequently gave birth to a child in February,
1947, which was seen in South Africa and found to
have bilateral cataract, and interventricular
septal defect without cyanosis. As the child
grew older, it was regarded as being most likely
deaf, It died In Rhodesia as the result of a
pulmonary infection before the age of three years.

The above patient probably conceived about May,
1946, a period of about 14-15 months after the attack
of measles. It is possible that during that interim
period she may also have contracted an unnoticed infection
or rubella; or the preoonceptual morbilli attack may have
been purely coincidental without any aetiological signi-
ficance. The writer feels, it is worth while recording
the case on account of the meagre reports of preconcep-
tual Infections. He admits however, that the case re-
ported by him, and the other oases taken from the avail-
able literature do not provide sufficient evidence as
yet, to incriminate preoonceptual virus infection as an
aetiological agent in the production of congenital de-
formities, The oases quoted by Hall and Wesselhoeft
may well contain an element of error, because it Is so

often difficult to fix the exact time of conception.

During January of 1947, the present writer
treated a 26 year old woman.for a typical”
condition of unilateral herpes zoster, Iin-
volving the pudendal region. She fell preg-
nant in April, 1947, _and was delivered of a
perfectly normal infant at term after an
uncomplicated labour. Her previous child
aged Wo and a half, had had a moderate

degree/....



degree of knock-knees which was ultimately 344.

cured by prolonged treatment with plaster of

paris casts. Apparently the herpes which

occurred aboqt 4 months prior to the second

conception, produced no ill effects upon the

second child. She has had no recurrence of

the herpes.

IT persistence of virus in the tissues can affect
a subsequent pregnancy, then the question that arises
is for how long a period prior to conception can this
teratogenous effect be effectual? Almost certainly
not over a period of years. These conclusions are
based upon the following grounds. Swan et al (1946)
investigated 19 mothers with post-rubella defective
children who had subsequent children, and only one.case
showed a congenital defect, namely, talipes valgus.
Had the virus been still present in the maternal
tissues, .subsequent children should also have been
affected. The fact that the series was small, and
that there was actually one deformity (not of the

usual post-rubella type) leaves the door open for

further light to enter upon the subjeot.



CHAPTER XXIII

GENERAL DISCUSSION AND CONCLUSIONS

1. An outline of genetic processes of inheritance
IS given. Also various environmental factors are shown
to play an important part in the aetiology of congenital
malformations. Foetal abnormalities which result are
not necessarily of any characteristic type in relation
to various aetiological factors. The most important
factor apoears to.he thestage at which foetal tevelop-
ment is disturbed. Due to the lack of specificity of
teratogenic factors, malformations caused by environ-
mental factors may simulate anomalies of genetical.
origin and are designated by the term, phenocopies.
The possible future role of actinic radiation in the
production of genetic changes is mentioned, and refe-
rence is made to the role of Rh and possibly of ABO -
isoagglutination in the production of mental defici-
ency and neurological abnormalities. Such environmen-
tal factors as maternal diabetes and maternal iso-
immunisation, however, play a very insignifloant part
in the over-all incidence of oongenltal malformations.
IT the mother of a deformed child dit not receive thera-
peutic pelvic radiation during pregnancy, or was not
attacked by rubella in the early part of gestation,
then, as Murphy (1947) says, the probability.is that
the defect in the child is of genetic origin. IT such
iIs the case, the probability of a subsequent child
being born defective, 1is twenty to thirty times greater

than is the case in the children of parents where the

previous/....
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mprevious offspring have all been normal. The chances
of any subsequent child being born defective, in-
creases with maternal age above 30, and after 40, the
chance that a child will be born malformed, is three
times greater than when conception occurs before 30,
There is at least one chance in 200 that the child of
any couple will be malformed, and this also applies to
the subsequent pregnancies occurring after the birth

of post-rubella, defective infants.

2. Not only are congenital abnormalities pro-
duced by an interaction of genetic and environmental
factors, but so also are disease processes. Every
possible ailment in childhood, adult life or senility
is influenced in greater or lesser.degree by the gene-
tic constitution of the individual. Environmental
factors provided by age, parity, climate, diet, occu-
pation, infection, etc., IiInteract with different gene-
tic factors provided by the individual, such as its
sex and various modes of.inheritance or transmission,

some known, some unknown.

3. Because a disease is hereditary, 1t is not
necessarily incurable. Many diseases based on gene-
tic defeots may be treated as for instance, inborn
methaemoglobinaemia and the de Toni-Fanconi syndrome.
The former is treated by ascorbic acid or methylene
blue, and the latter by vitamin D and alkali. IT a
definite diathesis can be discovered in an individual
by biochemical, serological or other means, then pro-
phylactic measures may possibly be initiated before

overt symptoms appear. In diabetes and gout, it is
possible that only the diathesis is determined

genetically,/..,<
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genetioally, but not the disease. The environment

probably plays a not insignificant part.

4, Some attention has been drawn to the im-
portance of serology, physiology and bio-chemistry
in the Investigation of genetic problems, and iIn
fact the study of human genetics has contributed much
to the progress in these branches of medical science.
But the future elucidation of bio-chemical and bio-
physical processes involved in Inborn diseases may
help us understand the treatment of other conditions
(Penrose, 1950). For instance, a comprehension of
the distorted bone metabolism occurring iIn osteopsy-
arthyrosis (which is associated with blue sclerotics),
may open up the road to speeding up healing of frac-
tures. IT we know why in phenylketonuria (where
there is a block in phenyl-alanine metabolism affect-
ing the whole body), only the brain function is gross-
ly disturbed} or if we understand what combination
of factors, genetic and/or otherwise produce mongolism,
then we shall open up a new world iIn the study of
brain metabolism. An attempt is made to analyse
factors iIn the production of mongolism and it would
appear that this condition results from the inter-
action between genetic and various environmental fac-

tors .

5. The genes are likened not to particles but
to physiological units or enzymes. Genetic differen-
ces iIn pathogenic organisms are often dependant on,
or related to loss of particular enzymes. Genes may

also be regarded as playing the same roles in the

physiology/.e-.
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physiology of the cell as organs do in the body.
Henoe the study of metabolic diseases may lay bare
many secrets of metabolism iIn the same way as the
study of Graves®™ or Addison®s disease led to the
discovery of thyroxine, cortisone and AOTH, Even
the Study of bacterial genetics is producing consi-

derable results in Medicine today.

6. There is some evidence that constitutional
weaknesses may not only affect a part of an organ,
but actually a whole organ or even a complete system.
Here again, the explanation probably is to be found
in the level at which embryonic metabolism is dis-
turbed, the further back in the embryonic life-
track, the more profound, widespread and complica-

ted are the sequelae.

7. There is no reliable estimate of the ex-
tent to which the health of the population is Jeo-
pardised by pre-natal factors. Prolonged epidemio-
logical and statistical study extending over many
years, and involving the combined efforts of many
branches of Medicine, is essential to uncover*various
aetlological factors concerned in the production of

congenital defects.

8. Only in the case of maternal syphilis,
maternal toxtplasmosis and maternal rubella is there
sufficient evidence for a definite causal factor in
the production of congenitally defective iInfants.
Other maternal exanthemata such as mumps, morbilli,
varicella, and virus infection such as poliomyelitis
have not yet conclusively been shown to produce a

higher/.._ ..



higher incidence of congenital defects iIn children.
Infectious mononucleosis during gestation is also

on the suspeot list* Exanthemata other than rubella
are rare after 15.years of age, and particularly so
in pregnant women. There is as yet no great body of
evidence to show that maternal infections of non-
specific origin, have any injurious effect upon the
unborn child, and there is no real evidence that
bacterial infections are concerned in the production
of congenital malformations. On statistical grounds,
vaccination of pregnant women has not been found to

have any determinable effects on the foetus.

9* Rubella is a disease which by virtue of
Its innocuous character, is frequently missed.
Diagnosis is not infrequently very difficult. Second
attacks must be very rare, but relapse occurs more

commonly than is generally known.

10. The rubella virus is filtrable through a
millemicron membrane and is transmissible to Macaca
mulatta monkeys. It can be kept active for a consi-
derable period when collected from infective throat
washings by a suitable technique and stored immediate-
ly at - 709C. The virus is viable iIn the presenoe of
penicillin and is not the same agent as that responsi-

ble for roseola infantum.

11. The diagnosis of rubella is based on
adenopathy (especially of the post-auricular glands),
morbilliform rash, absence of severe constitutional
symptoms, Qlong incubation period (over 14 days), non-
appearance of Koplik’s spots, and initial leucopenia.
The rash tends to be morbilliform on the first dg,y

and/ ....
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and searlatlnlform on the second. This kalaedoscopio

charaoteristic Is emphasised as well ag the occasional
Irregular distribution of the exanthem. A leucocyte
count will help distinguish between rubella and scarla-
tina, but not between rubella and measles* Compli-
cations of rubella are rare, but are of the nature of
polyarthritis, neuritis and encephalomyelitis. The
mortality rate for rubella is low (estimated as 1 in
60,000, fend for encephalitis as 1 in 30,000). Reco-
very from encephalitis may occur., but wequelae often
persist, although the general tendency is to clear up,
as in mumps encephalitis iIn contrast to measles en-
cephalitis. The onset of encephalitis occurs when
the usual symptoms of rubella are subsiding, and is
accompanied by a leucocytosls in the blood. All age
groups appear to be susceptible. Heuritis

appears only to occur in adults.

12. It is well to remember that rubella is
infectious during the Invasion period, prior to the
appearance of the exanthem™ and hence may be spread
before precautionary measures can be taken. As re-
gards maternal rubella, many points remain to be settled,
namely (1) the epidemiology of the disease, () the
methods of prevention, (3) the risk to the foetal popu-
lation, and () the period of risk. In regard to the
last point, the question of preconceptual iInfection
in the mother.and possible effects on the foetus, need
further study. Although rubella was first implicated
as a teratagenous agent in 1941, it has been found by
retrospective investigation, to have played a similar,

but unrecognised role prior to that date. = ......
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13. Maternal rubella may produce abortion,
stillbirth or a congenitally defective infant. There
appears to be a certain critical period in the develop-
ment of the embryo when noxaeare most likely to cause
disturbances leading to persistent anatomical defects.
In the course of rubella, it is now clear, that the
foetus 1is susceptible to injury during the first tri-
mester, and although by questionnaire methods, data
suggeit that the foetus may be damaged in the foq{th
and fifth months of pregnancy, the possibility of
error due to the very nature of.a retrospective in-
vestigation, cannot be excluded. The extent of the
anomalies, and the types, are to a great extent, re-
lated to the stage of pregnancy at which rubella was
contracted, 1i.e. to the particular system or systems
which happen to be undergoing the greatest development

at that particular time.

14. The extent to which the foetus Iis damaged,
bears no relation to the clinical intensity of rubella
in the mother, and in some cases the maternal disease
may even have been missed, while the foetus bears the

scars.

15. It is not known whether the maternal in-
fection passes across the placenta into the embryo
directly, or Ttfhether some other mechanism is involved,
such as disturbance of maternal or placental metabolism
It would be of great assistance to find out whether any
defective child born after maternal rubella, is immune
to infection when Q-erman measles 1iIs iIntroduced into
the body by experimental methods such.as inoculation

or insufflation of infective material. [



- "D e
16» Infection by rubella may occur in the

first trimesterj and yet the.mother may be delivered
of a perfectly normal Infant. The risk of rubella
to the foetal population is not known, but probably
appears higher in statistics as post*-rubella nownal child-
ren are often not reported. The risk for the first
trimester varies from over 90 per cent, (as deter-
mined by the early Australian investigators), to 2V
per cent (as determined by some American workers), and
probably approaches towards the lower figure,
Questionnaire and retrospective investigations are
also subject to error. Better statistical material
will be provided for future studies by cases of
maternal rubella actually observed by medicos,
followed up, and fully reported on, whether followed

by defective Infants or not.

17. The commonest defects present iIn congenital-
ly defective children born after maternal rubella, are
cataracts, deafness, congenital ca.rdiac disease and
microcephaly, but a host of other defects of a more or
less serious nature are often found spread out amongst
post rubella children. Severe dystrophy may be marked
feature of such post-rubella children, and dental ano-
malies are quite frequent. In analysing the less
common congenital defects after maternal rubella, it is
difficult to assess whether some are purely incidental
or not. Hence an appeal is made to determine the popu-
lation frequencies of all diseases significantly based
on genetical factors. A Talse incidence of defects

iIs got by reporting Interesting defects and malforma-

tions, to the exclusion of normal cases, and factors,.

allegedly/....



allegedly noxious, are seen In false perspective and
relationships.

18. The congenital cataract following maternal
rubella le usually bilateral and seems to differ from
other types of congenital opacities. It has been
suggested that congenital cataract may be produced by
the operation of the virus of Influenza, common cold,
or chicken pox during early pregnancy, but the evidence
iIs inconclusive. Early operation is recommended for
post-rubella oataraet and success 1Is dependant on the
severity and nature of concomitant defects such as

deafness or mental retardation.

19. The deafness is usually bilateral and mky
be partial or complete. It is of the nerve type and
In most cases iIs not associated with cataract. It is
emphasized that the diagnosis of deaf-mutism may be
delayed due to the difficulties in diagnosis, and
early treatment, which IS so neoessary, may conse-
quently be deferred. The personality of deaf mutes
tends to be coloured by frustration, and behaviour

difficulties are apparent.

20. Congenital cardiac disease of post-rubella
aetiology may be acyanotlc or cyanotic, and it is
usually of the type where foetal physiological pat-
terns tend to persist, for example, Fallotrs tetra-
logy* patent ductuO, etc. It is apparent that only
a small percentage of cases of congenital morbus cor-
dis, probably about one per cent, 1iIs caused by mater-
nal rubella; and in fact, maternal rubella appears to
be responsible for a very small proportion of congeni-
tal defects 1n general-. In some cases the diagnosis

of oongenital oardlac disease can only be established
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by special methods.

21. Dental anomalies Include delay iIn eruption,
abnormal tooth forms, absence of incisors, etc. and
an apparently greater tendency towards caries. Most
cases with dental defects.showed defects in other
parts of the body as well. This is iIn keeping with
the embryological facts that the dental lamina appears
in the sixth week.of.embryonic life, and calcification

in the ninth week, 1i.e. during period of organogenesis.

22. The critical period of pregnancy for the
production of cataract by the rubella agent appears
to be 6 weeks; for deafness, 9 weeks; for cardiac
abnormalities, 5 to 10 weeks; for deformed teeth,
6 to 9 weeks; for combined cataract and deafness, 8

weeks.

23. Microcephaly and mental defects are not
infrequent types of anomaly found in post-rubella
children. Major and minor epileptic phenomena may
be associated. Mongolism has been ascribed in some
cases, to maternal rubella, but the evidence is as yet

inconclusive.

24. Rubella is most likely to produce abortion
iIT contracted in the first four months of pregnancy.
Although the foetus may be damaged at this stage, it
may not necessarily be killed, however, and the mother,
may be delivered of a stillborn child, at or near term.
Although the Law will probably not consider the grounds
for termination of pregnancy, jJustifiable in the case
of maternal rubella, yet should a miscarriage or abor-
tion threaten in the course of rubella, or after
rubella, no attempt should be made to prevent the --

expulsion/ «
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expulsion of the embryo, and in fact surgieal means

should be resorted to in order to complete the process
iIT conditions demand. Most medical writers on the
subjeot, consider that an infection by rubella, Incurred
during the first trimester of pregnancy, offers reason-

able or Justifiable grounds for therapeutic abortion.

25. The health of the mother during pregnancy
and her freedom from infections and morbid conditions
of all Kkinds, especially if she is over 30, appears to
be important, particularly during the first trimester,
which is the organogenetic period for the embryo. A
plea is made for all doctors to record any pathological
atate or abnormal circumstances during early pregnancy,

and to examine and follow up the children subsequently

born. It Is important to note absence of defects as
well as their presence. The family history on both
sides should also be iInvestigated. An intensified

study of foetal and plaoental physiology will help to

establish a. new branch of Medicine, namely, "ante-natal

paediatrics.”

26. The risk for recurrence of anomalies in
children born subsequent to a post-rubella congenital-
ly defective child is apparently not greater than for

the population at large.

27. All oongenitally defective children, such
as post-rubella deaf mutes are social problems, and
treatment devolves not only upon the affected child,
but also upon the sibs, the parents and the community

as a whole.



CCLISaT~D- mCASTS*

OFFSPRING AFTER VARIOUS MORBID CONDITIONS
CONDITIONS DURING™ PREGNANCY,

Below are tabulated, cases investigated by,
the present writer* In common with other Invest-
igators, he found that retrospective history
obtained from mothers Is not reliable* Two of the
mothers (cases 10, 17} stated that they had had
“German measles” during pregnancy, whereas.In
point of faot, the former had had ncrbilli*
(information obtained from her medical attendant),
and the latter had had a rack which probably was
rubella, but was net definitely diagnosed as such.
Apparently "German measles™ .is becoming known to
the laity as a teré&togenous agenu, and mothers
make mistakes in retrospective histories* Thus It
behoves the..investigator to check the veracity of
the mothers* statements in all cases where
possible* There are three dafinice cases of
rubella, and one probable one, all occurring in
the first trimester of pregnancy* Out of these
four oases, there was one abortion (case 14), one
case of combined mongolism and congenital morbus
cordis (case 16), and one case if congenital
cyanotic cardiac disease* (case 17). The fourth
oase sho"Kod no abnormal!tiesO Toe incidence of.
lost or defective offspring in this small series
of oases i1s 50 per cent (or 75 per cert, if the
doubtful case of rubella is included)* The case
of mongolism is c£ interest In view of the doubt
which still exists as t1 whether rubella can aot

as an aetlologioal factor in this condition.



TABLE XVI.
COEF&RING AFTER VARIOUS MORBID CONDITIONS DURING PREGNANCY.

:No. Morbid State Stage of Age of Parity R E S UL T
J : Pregnancy. Mother
. Yrs.
I Typhoid Fever 6 weeks 34 4 previous Inevitable abortion at 9 week’j
> -children terminated surgically.
(all normal) J
Typhoid Fever (Fairly 6 previous Full time normal labour.
1 2 severe, hospitailsed 10 weeks 34 ohil Iron Child free from defects. J
6 weeks). (all normal)
| 3 Whooping Cough 18-20 weeks 32 4 previous F.T..N.L. Child free from
children defects
j 4. Septic subungual whit- F.T.N.L. Child born rvith

low on finger, drained by

removal of finaernail First 1) pre-aural sinus right
under local (zg novocalne] ~ 7 weeks 25 Pregnancy side of face.

anaesthesia. Morphine 2) poor development left
gr.w given post-operative-— | cheek.

ly for pain. 3) lack of motor power lower

half left lip.
Subsequent child free from
defects. j



No.

Morbid State

Dermatitis both hands followed
by sepsis, pyrexia

Mumps

Chicken Pox

Chicken Pox

Stage of
Pregnancy

+
_ 8 weeks

16 - 18
weeks

3 months

4 -6
weeks

TABLE XVI  (Conti.)

*Se of
Mother

Yrs.

24

35

24

50

p It R B S u L r
Second F.T_.N.L. Child born with
Pregnancy persistent ptosis left upper
(First child eyelid and weakness left
normal) side of face, the latter
oondition responding.some-
what to treatment.

Fourth Child cyanotic at birth but
Pregnancy recovered completely. Has
(previous child?-naevus about size of florin
ren normal, on head and on thigh. A
all boys.) first cousin has recently

been successfully operated
upon for patent ductus
arteriosus. ,
First F.T.N.L. Child free from
pregnancy defects.

3rd Pregnancy Threatened abortion at 8
(2nd Pregnancy weeks? terminated sur-—
win) all gically.

children no3>-

mal .



110

12

J Ho.

Morbid State

Measles

Measles

Herpes genitaliw
(Zoster)

Recurrent herpes of
buttock

TABLE XVI (Contd.)

Stage of Age of
Pregnancy Mother

14 - 15
months pre
conceptually

1 25

4 -6 ye)
weeks

4 months
pre-conceptufa

6 weeks 28

Parity

First
Pregnancy

First
Pregnancy

1 child aet.
2} with
moderate
knock-knee

1 previous
child nor-

mal

RESULT \

Bilateral ca,taract; Interventri- !
cular septal defect without cya- |
nosls, ? deafness. Died of pul- i
monary infection. !

Cyanotic from birth; basal systo- jJ
tic murmur; attack of unconsious-I
ness; weakness of lower extremi—
ties.. Died at age of 19 months.
Probably Fallot*s tetralogy.
Subsequent child normal.

N 1 e 1

F_.T_N_.L. Child free from de-
fects.

:Abortion at £ 28th week



No.

13

14

135

16

Morbid State

"Allergic.rash”, fine naculo-

papular, Involving body, but
not face. One post-auricular
gland enlarged. Also sore
throat. The rash recurred
after 3 weeks and once more
after several months.

j,Rubella

Rubella

Rubella

? Rubella (blotchy rash over
body and face and extremities
subsiding in a few days).

Stage of
Pregnancy

10 - 12
weeks

/

t, 6 weeks

10-12 weeks

/
10-12 weeks

8 - 10 weeks

TABLE XVI (Contd.)
Age of -
Mother Parity RESULT
Yrs. IF.T_.N.L. Child free
;From defects.
24 No previous
children.
27 No previous 1iAbortion within 13 hours,

children: 1
great difficul-j
ty in falling j

pregnant.

Child free from
Father is a

36 3rd Pregnancy F.T.N.L.
Other children defects.

normal radiographer
31 First Pregnan-; Mongolism; congenital
cy. morbus cordis, died at
2 weeks.
First Mild cyanosis aggravated
22 Pregnancy by exertion, ? Eisen-

menger. ? Fallot*s.
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