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Diabetes mellitus

There is something worse than ignorance, and that’s
knowing what ain’t so

Mark Twain

Mind parasites

A mind parasite is an invisible assumption that enters the
mind unnoticed and occupies the mental dimension more
properly reserved for curiosity. Few mind parasites are
more deeply embedded in the collective psyche of the
diabetes investigator than the vaguely formulated belief that
virus infection is a cause of type 1 diabetes. The arguments
for this are collectively impressive but individually insub-
stantial, and the hypothesis hangs together much as a man
might attempt to cross a half-frozen river by jumping from
one ice floe to the next before the first gives way beneath
him. There is indeed an extensive literature to prove that
viruses produce diabetes in experimental animals, but no
one has ever shown how this relates—other than by

analogy—to type 1 diabetes, a condition found only in
humans. Much of the human evidence is such that only
those who want to believe will do so, but the hypothesis
does at least appear to have a secure basis in the congenital
rubella syndrome. Many reviews (I will not list them here)
repeat the statement that 10–20% of those afflicted will
develop type 1 diabetes, and one report goes up to 40% [1].
These figures are misleading, but an interesting and much
more complex story underlies the beguiling simplicity of
this epidemic citation virus.

Rubella

Rubella, first described in 1814, has clinical features
intermediate between those of measles and scarlet fever. In
German it was known as Röteln and in English as German
measles, a name slowly replaced by the more euphonious
rubella. The virus appears in the circulation after an in-
cubation period of 7–9 days, and is shed via the nasopharynx
and stools. Clinical onset is preceded by flu-like symptoms,
low fever and arthralgia, followed by eruption of small
pinkish-red spots, which typically appear on the face 16–
21 days after exposure before spreading to the rest of the
body [2]. The condition sometimes presents without a rash,
making bedside diagnosis impossible, and up to 40% of
patients may never realise that they have been affected [3].
The virus disappears from the serum as antibodies appear,
some 3 weeks after infection [2]. Although serious con-
sequences such as encephalopathy may result, rubella was
long considered the most benign of the common childhood
infections. Endemic in many parts of the world, it gave rise
to major outbreaks at 10–30 year intervals through much of
the twentieth century. Previously unexposed populations
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are at greatest risk, especially children and young adults
who are housed together in schools or other institutions.

The conditions for a major outbreak were present in
Australia in 1940. Protected by its isolation, it had expe-
rienced no major epidemic since 1925. Young adults were
crowded together in military camps and barracks as the
country mobilised for war, and the virus swept through the
population. One year later, the ophthalmic surgeon Norman
Gregg found that infants with an unfamiliar variant of
congenital cataract were lining up in his outpatient clinic,
and the connection with maternal rubella infection was
suggested by two mothers discussing their pregnancies in
his waiting room [4]. It took courage for Gregg to draw the
inference that a ‘harmless’ virus could cause a congenital
malformation, for the medical wisdom of the day main-
tained that maternal infection was unable to cross the
placenta and considered that inborn abnormalities were
predestined from the time of conception. Confirmatory
reports soon followed, however, and an ingenious historical
analysis showed that epidemics of deafness in the newborn
(another consequence of rubella) had occurred at intervals
over the previous 50 years, for example, in 1899 following
a big outbreak of rubella in 1898 [5].

The congenital rubella syndrome

Knowledge of this syndrome and its late consequences
accumulated over the next 30 years, but much of the
information we possess was gained during the course of a
pandemic that reached the USA in 1964 and affected an
estimated 1.8 million people. One survey found that 10% of
American women pregnant in spring 1964 reported expo-
sure to rubella during the first trimester, and that 0.6% of
these gave birth to a child with the rubella syndrome [6].
This implied that some 20,000 American women might
have been infected in pregnancy, and 600 children with
possible features of the syndrome were born in New York
alone between 1964 and 1966 [7]. In response to this
challenge a live attenuated vaccine for rubella was rushed
through development and entered clinical use in 1969, since
when vaccination has largely eliminated the syndrome in
the wealthier countries, although an estimated 100,000
children are still affected each year worldwide [8].

Diagnosis of congenital rubella is based on the classic
triad of cataracts, cardiac anomalies and deafness, although
the condition is notable for the diversity of clinical
disorders it can cause, some of which are listed in the text
box. Delayed fetal growth is characteristic, and some 40%
of children weigh less than 2.5 kg at birth. There is an
associated failure of catch-up growth, and in one series,
more than 60% of children failed to reach the 5th centile for
height. Cognitive defects are common in those with growth

delay and rare in those with normal growth [9]. Early
mortality is high, and 15 of the 78 cases collected by Gregg
had died by the time his paper was published in 1941 [10].
Manifestations of the syndrome fall into three groups; tran-
sient abnormalities present at birth, persistent abnormalities
identifiable at birth or coming to attention in infancy, and
late consequences of intrauterine infection. The timing of
infection is of critical importance, since the risk of rubella-
associated defects is greatest when maternal infection is
acquired in the first 10 weeks of pregnancy, but very low
after 18 weeks of gestation. The rubella syndrome was for
many years a leading cause of the devastating combination
of deafness with blindness. ‘It is difficult,’ as one victim
wrote, ‘for most people to imagine living in a world with-
out colour, shape and movement, and where there is no
conversation of voices and other sounds’ [11]. Contrary to
stereotype, learning disability is far from universal, and
educational services in my area are organised by a lady who
is blind as the consequence of congenital rubella.

The congenital rubella syndrome 

Transient abnormalities at birth 

• Thrombocytopenic purpura 

• Bone ‘lesions’ 

• Pneumonitis 

• Hepatosplenomegaly 

 

Congenital defects 

• Sensorineural deafness  

• Congenital heart disease  

• Cataract, choroidoretinitis 

• Growth retardation 

• Microcephaly, mental retardation 

• Urogenital abnormalities  

 

Delayed consequences 

• Diabetes  

• Thyroid dysfunction 

• Behavioural disorders, autism 

• Panencephalitis 

The prevalence of the congenital rubella syndrome is less
easy to establish than one might imagine. One reason is
diagnostic uncertainty, given that viral exposure in pregnancy
may be hard to establish, clinical consequences vary accord-
ing to the timing of infection during gestation, and the
syndrome encompasses a spectrum of abnormalities, from the
lethal to the relatively trivial. The worst affected do not
survive infancy, and ascertainment bias arises when studies of
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the syndrome recruit from sources such as eye clinics or
schools for the deaf. Baseline estimates vary accordingly. To
give one example, the number of American children born
deaf–blind as a consequence of the congenital rubella
syndrome in the 1960s ranged somewhere between 739 and
10,000! [12]. Furthermore, the striking increase in the
number of deaf children born in the USA in 1964–1965
who did not have a diagnosis of maternal rubella suggests
that the condition may have been underdiagnosed [13]. Such
uncertainties should be borne in mind when considering
estimates of the prevalence of diabetes in this condition.

Pathology of the congenital rubella syndrome

Rubella is an RNAvirus with a lipid envelope. The ring effect
or ‘toga’ this produces under the electron microscope caused
it to be classed with the Togaviridae, within which it forms a
separate genus, Rubivirus. It was first identified and cultured
in the early 1960s and exists in a number of similar strains
that are serologically indistinguishable; humans are the only
known natural host, although experimental rubella can be
induced in other species [2]. Fetal lesions have been reported
in animals as a consequence of maternal rubella infection,
but there is no reliable model of the rubella syndrome.
Congenital rubella is characterised by persistent viraemia,
and virus can be cultured from the throat, tears and urine of
affected children at birth. Viral shedding cannot be detected
after 1 year of age in 90% of cases but may sometimes
persist for years. Diagnosis is based upon detection of virus
or rubella-specific antibody in early infancy, and standard
criteria have been established [14].

Infection of the placental tissue and fetus is almost
inevitable when infection occurs within the first 2 months
of pregnancy, and 67–85% of confirmed first trimester
infections lead to some form of fetal damage [2]. The
importance of timing may relate to the immune competence
of the fetus. Virus penetrates almost all tissues and, once
established, persists throughout gestation, even though the
fetus can mount an effective immunoglobulin response and
is additionally protected by maternal IgG following the
acute phase of the infection. Neonates with the syndrome
have impaired cell-mediated immunity, and an early study
from the laboratory of Robert Good found that cells from
rubella neonates did not respond to phytohaemagglutinin
(PHA), although some recovered normal responses as the
viraemia resolved later in infancy [15]. Lymphocytes from
healthy individuals acquired the same defect when infected
with rubella, and were potentially able to pass the virus to
daughter cells without surface transmission. From this, the
authors concluded that persistent infection within lympho-
cytes explains the inability of the fetus to clear itself of
infection. There is some evidence of long-term alterations

in cell-mediated immunity, and young adults with congen-
ital rubella were reported to have a reduced proportion of
CD4+ (helper) T cells and an increased proportion of CD8+

(cytotoxic) T cells compared with healthy controls and
individuals with new-onset type 1 diabetes [16].

There are two main theories as to why rubella induces
abnormalities in the fetus [2]. The first is that viral
replication impairs proliferation and growth of developing
clones of cells at a critical stage of fetal development.
Although analysis of aborted fetal material shows that only
a small proportion of fetal cells actually harbour virus,
cultures derived from these cells grow slowly and produce a
growth-inhibiting substance in vitro. The organs of infants
with the syndrome are small and contain a reduced number
of cells. Viral infection therefore induces general growth
delay, with focal consequences in specific tissues that may
be more susceptible to infection. The second hypothesis is
that direct tissue damage occurs as the result of cell necrosis,
as observed in tissues including the eye and vascular
endothelium. This leads to immune-mediated changes,
including mononuclear infiltrates, in tissues such as the lung
and brain. Lesions associated with the syndrome might thus
result from a combination of growth delay and inflammation.
The effect of congenital rubella upon the pancreas will be
considered later.

Congenital rubella and diabetes

The first instance of diabetes in a child with congenital
rubella was mentioned in passing in 1949 [17], but the
association between congenital rubella and diabetes came to
general recognition via a single case from the Australian
‘Gregg cohort’ [18], to which four other cases were soon
added [19, 20].

Case reports

Twenty published cases were identified by a search of the
literature [19–29] and are listed in Table 1. Of these, nine
were diagnosed between the ages of 12–48 months; six
presented in ketoacidosis, and most required insulin
therapy. Two autopsies were performed. One, of a boy
aged 14 months who died in ketoacidosis, showed insulitis
[27], and the second, of an 11-year-old girl who died in
ketoacidosis 7 years after diagnosis, showed atrophic islets
considered typical of long-term type 1 diabetes [26].

Case series

Australia The most detailed longitudinal study is based on
long-term follow-up of cases diagnosed by Gregg in New
South Wales. A survey of children with hearing difficulties
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identified 48 patients born after the outbreak of 1940–1941,
and to these were added cases recruited from other sources,
including the wedding list of one of the participants [18]. A
total of 50 individuals who were willing and able to
participate were considered to have a definite diagnosis of
congenital rubella; these were examined and studied in
more detail. None was known to have diabetes before the
initial examination in 1967, but one 24-year-old man was
found at that time to have undiagnosed diabetes, with a
routine blood glucose of 33 mmol/l.

A notice placed in the Medical Journal of Australia in
1968 resulted in a publication describing this patient plus
another member of the Gregg cohort, diagnosed by OGTT,
together with three reports from other centres [19]. A total
of 44 members of the Gregg cohort were subsequently
tested by OGTT, in a survey that is widely misquoted as
having shown that nine of the 44 (20%) had diabetes. It is
therefore important to appreciate that the criteria used to
diagnose diabetes were a 1 h glucose value of >8.9 mmol/
l (160 mg/dl) or a 2 h value of >6.7 mmol/l (120 mg/dl). On
this basis, five individuals were said to have diabetes. As
described above, one had overt diabetes and a second had a
diabetic OGTT, but the other three would not be considered
to have diabetes by current criteria. Four others had
stimulated glucose values below these levels but were
deemed to have ‘latent diabetes’ by criteria that are now

obsolete, such as a mismatch of glucose and insulin peaks.
The average birthweight of the nine patients was 2.5 kg
(range 1,985–3,435 g). Maternal infection had occurred from
4–16 weeks of gestation in all cases; all were deaf, two had
cataracts, two had rubella chorioretinopathy and one had
pulmonary stenosis. None of the nine required insulin,
although six were treated with oral agents [20].

The members of this cohort were studied again after 50
[30] and 60 [31] years. Seven of the 50 had died by
50 years, including one with a diagnosis of diabetes.
Follow-up glucose tolerance tests are not reported, but
diabetes is said to have persisted in four out of five of those
with abnormal tests; one required insulin and two were on
tablets, but none had developed late complications of
diabetes. One additional patient developed diabetes in the
interim, but no further details were provided. When studied
after 60 years, 40 of the originals were still alive, and seven
were considered to have type 2 diabetes (none had a
diagnosis of type 1). Of these, three were on insulin (two
had developed retinopathy and were also found to have
high levels of GAD antibodies), one other was on oral
medication and the remaining three were on diet alone. The
prevalence of type 2 diabetes was 22% compared with a
background prevalence in that age group of 13.1% [31]. In
summary, this cohort study found a high prevalence of type
2 diabetes and two cases suggestive of latent autoimmune

Table 1 Reported cases of diabetes in the congenital rubella syndrome

Study M/F Birthweight (g) Age at
diagnosis
of diabetes

DKA Insulin-dependent Other features

Forrest et al., 1969 [19] F 18 months + + Glaucoma
F 12 years − + Cataract, PDA
M 12 yearsa − + Deaf, rubella retinopathy
M 24 yearsa − − Cataracts, pulmonary stenosis
M 28 years − − Cataracts

Plotkin and Kaye, 1970 [21] M 2,200 12 months − + Deaf, PDA
M 19 months + + Deaf

Johnson and Tudor, 1970 [22] M 2,300 3 years − + Deaf, PDA
M 2,400 20 months − + Cataracts, PDA

Halvorson, 1977 [23] M 2,510 7 years − + Deaf, pulmonary stenosis
Smithells et al., 1978 [24] M 1,941 3.5 years ? ? Deaf

F 1,913 2.5 years ? ? Deaf
Floret et al., 1980 [25] M 3,050 17 years − + Mental retardation, hyperthyroidism
Jenson et al., 1980 [26] M 4 years + + Died in DKA aged 11 years
Patterson et al., 1981 [27] M 14 months + − Died in DKA, insulitis, cataract
Schopfer et al., 1982 [28] F 2,270 4 years −b + Deaf, PDA, hypothyroid

F 1,900 11 years −b − Deaf, microcephaly, cataracts
Takasu et al., 2005 [29] F 21 years + + Deaf, cataracts, hypothyroidism

F 13 years + + Deaf, cataracts, mutism
M 18 years − + Deaf, cataracts, atrial septal defect

DKA, diabetic ketoacidosis; PDA, patent ductus arteriosus
aMember of the ‘Gregg cohort’
b Presented in hyperosmolar coma
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diabetes in adults (LADA) but no single instance of typical
type 1 diabetes.

USA The rubella epidemic of 1964–1966 is estimated to
have resulted in some 600 children with the congenital
rubella syndrome in New York alone. Of these (and
including children born outside this time-frame), 173, and
subsequently 242 affected individuals, were identified for
study via the Developmental Disabilities Center at St
Luke’s-Roosevelt Hospital or the Pediatric Diabetes Clinic
at Mount Sinai Hospital [32, 33]. Forty per cent of the
children were Hispanic, 25% black and 30% of European
extraction. The diagnosis of congenital rubella was based
on isolation of rubella virus from the newborn (present in
16%), serological confirmation by detection of rubella-
specific antibodies in the newborn (41%) and/or clinical
stigmata plus positive serology not obtained in the
immediate postnatal period. Given the interest of the
investigators, the sample may have included a dispropor-
tionate number of children with diabetes. Of these, there
were 21/173 in the initial study (mean age 14 years, range
6 months to 24 years) satisfying National Diabetes Data
Group criteria (fasting blood glucose ≥6.7 mmol/l; 2 h
blood glucose ≥10 mmol/l), and 16 had experienced
ketoacidosis and were on insulin. An expanded group of
242 children was subsequently examined (mean age
17 years); of these, 15 required continuous insulin therapy,
one had received insulin intermittently and 14 had
abnormal glucose tolerance [33]. Some of the latter,
unexpectedly, showed distinctly elevated insulin levels
during the OGTT [7], a finding also described but not
commented on in an earlier series [20]. The New York
studies are remarkable for the very high number of
individuals with diabetes, and it is therefore particularly
disappointing that individual patient details are summarised
but not reported in detail.

A second US study described a cohort of 201 adoles-
cents meeting diagnostic criteria for the congenital rubella
syndrome, 152 of whom were born in 1964–1965; all
attended institutions for the deaf in Maryland or Virginia.
Of these, two had overt diabetes (treatment not specified)
and two others were considered to have diabetes on the
basis of oral glucose tolerance testing. Overall, 22% were
judged to have abnormal tests, using 1979 National
Institutes of Health criteria for children plus some added
categories devised by the authors—thus making compari-
son with other series impossible [34].

UK TheNational Congenital Rubella Surveillance Programme
identified 482 children with confirmed or suspected congenital
rubella in 1971–1977; two cases listed in Table 1 come
from this registry [24]. These two cases are presumably the
same as those described in a long-term follow-up study of

616 UK children exposed to rubella in pregnancy. Since three
cases of diabetes were reported in 605 controls, this later
survey showed no excess of diabetes [35]. Follow-up data on
this cohort are unfortunately not available (P. Tookey,
personal communication).

Japan An epidemic outbreak of rubella occurred in 1964–
1965, and 280 individuals with cataracts, sensory deafness
and/or heart disease were studied 40 years later. Of these,
three had developed diabetes, two presented in diabetic
ketoacidosis at the ages of 13 and 18 (Table 1) and required
insulin immediately, and another, asymptomatic, individual
was picked up by screening and required insulin therapy
later in life [29]

Canada The Canadian Deafblind and Rubella Association
maintains an active website (http://www.cdbra.ca/) and
issues questionnaires from time to time. Its website lists
100 respondents with date of birth ranging back to the
1950s. Of these, four developed diabetes at the ages of >2,
9, 14 and 19 years, and another eight are listed with onset
between the ages of 21 and 53 years; only seven of the 12
required medication [36].

Immunogenetics of the congenital rubella syndrome

HLA associations

The HLA system modulates susceptibility to some viral
infections, and it still seems unclear whether this is the case
with rubella. Three studies in different populations have
suggested that susceptibility is HLA-linked, but the find-
ings are inconsistent [37–39]. In contrast, Rubinstein et al.
observed no difference between individuals with congenital
rubella and controls [32]. Comparison between 21 affected
individuals who also had diabetes and 152 with no diabetes
showed HLA DR2 to be present in 25% of those without,
but in none of those with diabetes. HLA DR3 was sig-
nificantly more frequent in those with diabetes, and the
authors propose that exposure to the rubella virus may
increase the penetrance of diabetes susceptibility alleles [32].

Autoimmunity and congenital rubella

The hypothesis that rubella may promote islet autoimmu-
nity is poorly supported by the data, not least because
autoantibody testing was in its infancy when most of the
studies reported here were conducted. The observations that
∼20% of patients with the syndrome carry islet cell surface
antibodies [33], and that ∼30% have insulin autoantibodies
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[7], are uninterpretable owing to the unreliability of the
assays used [40]. A more recent analysis of 37 patients, one
of whom had diabetes, found no evidence of ICA, IAA,
GADA or IA-2A [40], although one of the Japanese patients
reported in Table 1 had GADA and IA-2A, and another had
GADA alone [29].

While the evidence of islet autoimmunity remains scant,
thyroid disease, presumably autoimmune, also appears to
be more common in the rubella syndrome [e.g. 25, 28, 29,
40], a finding that has attracted less attention than the
association with diabetes, and provides some support for
the concept of enhanced autoimmunity.

Congenital rubella and the pancreas

As described earlier, insulitis was reported in a 14-month-old
boy who died in diabetic ketoacidosis [27]. A study of
pancreases from five fetuses aborted between 19 and
21 weeks of gestation isolated rubella virus from each but
detected no morphological abnormality [41]. In a further
study, pancreases from children who died from a range of
viral infections, for the most part acquired in the early
neonatal period, were studied systematically. The children
included 45 with congenital rubella, one of whom developed
diabetes at the age of 4 and died in ketoacidosis at the age of
11. The pancreases of 43 were considered normal in ap-
pearance, one was thought to have ‘slight evidence’ of
insulitis, and the girl with diabetes had changes consistent
with longstanding type 1 disease. In contrast, islet involve-
ment was noted in four out of seven of those infected with
Coxsackie B4 virus, 20 of 45 with cytomegalovirus and two
of 14 with varicella zoster. This large series demonstrates
that a range of overwhelming viral infections can produce
morphological changes in the islets, and that congenital
rubella is less likely to do so than many other infections [26].

Diabetes and intrauterine viral infection

Intrauterine or neonatal viral infection has been associated
with diabetes in a number of reports, and causal agents
include rubella, cytomegalovirus and mumps. A UK study,
which began in 1950, identified a total of 3,076 children
exposed to viral infection in utero, and these were followed
for up to 40 years. The survey included children whose
mothers were exposed to rubella in pregnancy, but does not
mention how many had features of congenital rubella. Two
of 616 children exposed to rubella, and none of 97 exposed
to cytomegalovirus developed diabetes, but there were four
cases among 128 children exposed to mumps virus in the
first trimester of pregnancy, all presenting between the ages
of 13 and 21 years [35].

Evidence for a possible association between diabetes and
intrauterine infection with viruses other than rubella is very
scant. It should, however, be noted that the association
between rubella and diabetes might never have come to
light if the children had not presented in large numbers at
around the same time, and had not required institutional
support for easily identifiable afflictions such as deafness
and blindness. In all events, this search revealed no further
evidence of a link to intrauterine exposure to mumps, and
the link to congenital cytomegalovirus is equally tenuous;
there is a single report in the literature of a boy who presented
with diabetic ketoacidosis at 13 months of age [42]. A
Swedish survey compared 76 affected children with 19,483
unaffected children born during the same period; diabetes
developed in one of the children with cytomegalovirus and
in 38 of the healthy children. This difference did not reach
statistical significance, but neither did it exclude a possible
association [43]. Equally, there is little support for the
notion that intrauterine exposure to enterovirus predisposes
to later development of type 1 diabetes [44].

Summary

As this survey indicates, the congenital rubella syndrome
undoubtedly predisposes to diabetes in later life. A high
proportion of the reported cases, mostly described in very
brief summary (Table 1) presented under the age of 5 years,
in children who were for the most part markedly under-
weight at birth. These were often reported to be in diabetic
ketoacidosis at diagnosis, and were invariably treated with
insulin. Some adolescents and young adults presented in
much the same way, whereas others did not require insulin
therapy and some at least had an insulin-resistant form of
diabetes. Others had impaired glucose tolerance, although
numbers are hard to ascertain owing to the use of differing
diagnostic criteria. Those diagnosed later in life have
generally not required insulin therapy.

As might be expected, the source material for any
retrospective analysis is inadequate. Most reports were
published 30–40 years ago, before the distinction between
type 1 and type 2 diabetes was well established, and by
authors with no special interest in diabetes. The rubella
syndrome itself is heterogeneous, and criteria for its
diagnosis varied, as did contemporary criteria for the
diagnosis of diabetes. None in the Gregg cohort had classic
childhood-onset type 1 diabetes, and the UK series identified
two of 616 affected children with diabetes as against three of
605 controls [35]. A Japanese series identified three of 280
cases in 40 years of follow-up [29], and one American
series identified two of 201 adolescents with ‘overt
diabetes’ [34]. Taken together, these reports suggest that
∼1% of individuals with the rubella syndrome will develop
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diabetes in childhood or adolescence, and that most but not
all of these will require insulin.

The striking exception is the New York study, which
contains almost half the cases reported in the literature: 21
of 173 (16 on insulin) at a mean age of 14 years [32], and
30 of 242 (15 on continuous insulin) at a mean age of
17 years [33]. Ascertainment bias may have contributed to
this very high rate, which is otherwise unexplained. Sadly,
these cases are not reported in individual detail and their
characterisation in terms of islet autoantibodies is largely
outdated. Nor has it proved possible to retrieve sera for
further analysis, although there is some faint hope that these
may still exist (L. Z. Cooper, personal communication). The
absence of HLA DR2 and excess of HLA DR3 in the small
sample of 21 cases is, however, consistent with a diagnosis
of type 1 diabetes [32].

Why might intrauterine infection with rubella predispose
to the subsequent development of diabetes? The first point to
make is that these children were all born with an active
viraemia, and are likely to have shed virus for at least the
first year of their lives. The single case of insulitis reported at
the remarkably early age of 14 months [27] might therefore
represent an ongoing reaction to active viral infection rather
than a delayed autoimmune response. Sporadic cases of
early-onset diabetes have been reported with other intra-
uterine viral infections, but the evidence that rubella has a
causal role in the later development of diabetes is much more
compelling. One explanation for this might be inhibition of
pancreatic development and a reduced beta cell mass, which
could be responsible for the high rate of dysglycaemia in
those with the syndrome. Beta cell mass expands sevenfold
between birth and adult life, and the most rapid increase in
beta cell replication occurs in infancy [45]; any interference
with this process might therefore predispose to subsequent
insulin-deficient diabetes. Low birthweight is a further
characteristic of the syndrome, and is known to predispose
to the later development of type 2 diabetes.

To conclude: Did the congenital rubella syndrome
promote autoimmune diabetes? The issue, as we have seen,
is much more complicated than previous reviewers have
appreciated. There certainly was an excess of children with
ketoacidosis and other features of autoimmune type 1
diabetes. Immunogenetic characterisation of these cases is,
however, mostly lacking, although the absence of HLA
DR2 and the excess of HLA DR3 in the New York cases is
very suggestive. There is no clear evidence that congenital
rubella does predispose to subsequent autoimmunity,
although the apparent excess of thyroid disease is sugges-
tive. The answer, as Mark Twain might have phrased it, is a
definite maybe: there are too many gaps in our knowledge
for confident conclusions to be drawn. Sadly for us, but
happily for future generations of children, the real answers
may never be known.
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