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Abstract Recent evidence from animal studies has raised the possibility that immunisa-
tion by vaccines can influence the pathogenesis of type 1 (insulin-dependent)
diabetes mellitus. In non-obese diabetic mice and biobreeding rats, complete
Freund’s adjuvant and bacillus Calmette-Guérin (BCG) vaccine have success-
fully been used to interrupt the development of diabetes mellitus. This effect is
probably mediated by nonspecific suppression of the autoimmune process. A
number of attempts have also been made to assess the impact of parenteral im-
munisation on type 1 diabetes mellitus in humans.

Epidemiological evidence has not indicated any clear link between BCG vac-
cination and the development of diabetes mellitus in humans. Some reports have
suggested that natural mumps or mumps vaccinations can induce islet cell auto-
immunity, but there is no evidence that mumps-measles-rubella mass vaccination
programmes have changed the incidence of diabetes mellitus in any population.
An independent protective role of measles virus has been suggested in one study.
Recent studies have indicated that enterovirus infections may ifdeteauto-
immunity and clinical diabetes. The only currently available enterovirus vaccine
is the poliovirus vaccine which, in theory, could modulate the protection against
other enteroviruses by inducing cross-reactive T cell immune responses; however,
this hypothesis has not been tested so far.

In conclusion, there is no clear evidence that any currently used vaccine can
prevent or induce diabetes in humans. However, only a few studies are available
on the subject and therefore the possibility of a link between vaccination and
diabetes mellitus cannot be excluded.

Type 1 (insulin-dependent) diabetes mellitus isease has been a constant finding in several coun-
caused by the destruction of the insulin-producingries!!! The risk of type 1 diabetes mellitus is ge-
B cells in the pancreas followed by insulin defi- netically determined, but environmental factors are
ciency and hyperglycaemia. The progressive damimportant in the induction of the process in genet-
age offf cells seems to be mediated by autoimmunécally susceptible individuals. Current evidence
mechanisms. The incidence of type 1 diabetes mebkupports a role for virus infections in the pathogen-
litus varies considerably from country to country, esis of type 1 diabetes mellitdsA role for paren-
but a gradual increase in the incidence of this disteral immunisation by bacterial and viral vaccines
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has also been suggested. This article summarisesellitus can only be blocked when BCG is given
the current data available on the possible link bewithin 3 days of cyclophosphamide administra-
tween vaccinations and the development of type lion.

diabetes mellitus. Pertussigen, a major componentBdrdetella
pertussisand the pertussis vaccine, has been re-
1. Experimental Models ported to prevent the development of strepto-

zotocin-induced diabetes in CD-1 niiékand re-

Non-obese diabetic mice and biobreeding ratsard the progression of insulitis in non-obese
have been used as models of spontaneous typedlabetic micd!3! In addition, the combined diph-
diabetes mellitus. Many of the pathological fea-theria-tetanus toxoid—pertussis vaccine prevents
tures of the disease, including the autoimmune dethe development of diabetes mellitus in non-obese
struction off3 cells are observed both in these ani-diabetic mice and biobreeding rats. This prevention
mals and in humans. The effect of differentwas associated with a Th2-like insulitis profifé
immune modifiers on the development of diabetesand early administration of the vaccit®.Addi-
in these rodents has widely been studied. Completgonally, it has been suggested that T-lymphocyte
Freund’s adjuvant and bacillus Calmette-Guérinyaccination can prevent diabetes mellitus in non-
(BCG) vaccine have been shown to prevent the depbese diabetic mice when given prophylactically at
velopment of diabetes in these animal moéls.  an early age; the therapy is most effective in female

Adjuvant therapy with a single dose of completemice[16]
Freund's adjuvant or BCG, both containing potent |n summarygearly immunisation by various an-
mycobacterial antigens such as heat shock proteinggens which are commonly used in human vac-
prevented the development of diabetes in the noncines has been shown in some models to be able to
obese diabetic mice when given at an early aggrevent the development of spontaneous type 1 di-
probably by generating nonspecific suppressor celhbetes mellitus in non-obese diabetic mice and
activity or by altering the cytokine balance control- piobreeding rats probably by activating a nonspe-
ling the T helper cell (Th) 1 and Th2 type immune cific, suppressive immunological response.
responsel:¢l Complete Freund’s adjuvant was
able to protect transplanted islets from diabetic au-
toimmune destruction in non-obese diabetic
micel"] Encouraged by the results obtained from animal

BCG, a more clinically relevant immunoadjuv- experiments, the effect of BCG was studied in a
ant, also prevented recurrent insulitis, but not allosmall clinical trial’” In a study of patients with
graftrejection, in islets transplanted into non-obesaewly-diagnosed type 1 diabetes mellitus, clinical
diabetic micd®! It has been reported that when remission occurred in 65% of 17 patients who re-
BCG prevents diabetes mellitus in non-obese diaceived a single intracutaneous administration of
betic mice it may, unfortunately, accelerate anti-BCG vaccine compared with 7% of 29 patients
body-mediated autoimmunity to levels normally who did not receive BCG vaccine. No adverse ef-
found in much older non-obese diabetic nifte. fects were reported. In a larger multicentre trial in-
However, this adverse effect has not been found ivolving 72 patients with newly-diagnosed type 1
all studied1% This may be due to different route diabetes mellitus the effect of BCG plus nicotin-
of administration of BCG in these studies. BCGamide was compared to that of nicotinamide
treatment may also counteract the effect of cyclo-alone!® No significant differences were found be-
phosphamide on the autoimmune process in type ween the 2 groups; the rate of clinical remission
diabetes mellitu§:!! The window of effective im- was 41%/s46% in the BCG plus nicotinamide and
munotherapy seems to be quite narrow as the prazicotinamide only groups, respectively, and the
gression of cyclophosphamide-induced diabetesength of remission was similar in the 2 groups.

2. Human studies
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In Sweden, BCG vaccination in newborns had W 5-9y

no significant effect on the incidence of childhood- A 101y
onset type 1 diabetes mellitdg, although this
finding has been disputed by Classen and
Classeri?% Additionally, in a Canadian stul#y! of

2 different case-control series of type 1 diabetes
mellitus cases and their matched control partici-
pants (in series A same birth cohorts and areas o
residence as the type 1 diabetes mellitus cases an
in series B age- and gender-matched friends and
neighbourhood control participants) the overall
vacgcination rates amongp typeq diat))etes mellitus 555 5 5o 5 T
cases and control participants were quite similarF vears
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ig. 1. Type 1 (insulin-dependent) diabetes mellitus incidence
(21-5% vs 22.3% and 17.7%s 15.1%, respec- in Finland during the years 1966 to 1996 is shown as mean

tively). These results suggest that BCG vaccinatiorage-adjusted incidences of 3-year periods in children of 3 age
does not prevent type 1 diabetes melliflisHow- ~ 970UPS: A mumps-measles-rubella mass vaccination pro-
X . X . gramme was implemented in 1982. Incidence figures were cal-

ever, the proportion of birth-vaccinated type 1 di-culated as described in Hyéty et al. 28
abetes mellitus cases diagnosed at a very young age
was lower than the proportion of nonvaccinatedyears 1993 to 1996 (fig. 1) revealed that the inci-
type 1 diabetes mellitus cases possibly reflectinglence of type 1 diabetes mellitus continues to in-
the ability of BCG vaccination to delay the onsetcrease, especially in the age groups of 0 to 4 and
of type 1 diabetes mellitus as hypothesised by th&- to 9-year-old children, although natural mumps
study author&!! has virtually disappeared and the vaccine coverage

Besides BCG vaccination, a possible link be-has been over 95%. We found no cohort effect con-
tween immunisation by mumps-measles-rubellasistent with the initiation of MMR mass vaccina-
(MMR) vaccination and the development of typetion programme, suggesting that MMR vaccine
1 diabetes mellitus in humans has been suggestedad no major effect on type 1 diabetes mellitus risk
Some reports have indicated type 1 diabetes mellin the Finnish population. However, a possible ef-
tus and the development of islet cell antibodies affect of MMR may be difficult to identify on the
ter mumps vaccination and natural mumps infecbasis of type 1 diabetes mellitus incidence data
tions[22-261 A prospective study of 280 nondiabetic alone and additionally, serological evidence was
children of parents with type 1 diabetes mellitussought to find a possible connection between
found no evidence that MMR vaccine could triggerMMR vaccination and type 1 diabetes melli-
autoimmunity in human&7] The children were tus[?82°]
followed from birth and about 10% of all of the = The mumps IgA/IgG ratio remained constantly
children were positive for at least 1 of the 4 islet-higher in patients with type 1 diabetes mellitus
associated auto-antibodies tested. Four children pr&&ompared with control participants in both epi-
gressed to clinical type 1 diabetes mellitus, and all olemic and nonepidemic time periods. The low
them developed islet-associated auttibedies, mumps IgG antibody response in patients with
before MMR vaccination. type 1 diabetes mellitus after standardised vaccine

We have earlier reported a plateau in the risingMMR) exposure suggests that first, immune re-
incidence of type 1 diabetes mellitus in Finland, 6sponse against mumps virus antigens may be de-
years after the introduction of nationwide MMR fective in these patients, and secondly, the high IgA
vaccination and almost 10 years after the lastmumps antibody levels in patients with type 1 di-
mumps epidemi€8 The more recent data from abetes mellitus during the epidemic time period
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reflects an excess of past mumps or prolongedystem in a way that promotes the development of
course of mumps rather than an inherited enhanceautoimmunity?®! or, alternatively, they could be
ment in mumps virus-specific immune responsive-beneficial by suppressing the autoimmune process
ness. or by protecting from diabetogenic infections.

In another study, a protective effect of measles BCG vaccination prevents the development of
vaccination was indicated in Sweden where infor-spontaneous diabetes mellitus in a mouse model.
mation about vaccinations was collected from 339Based on the findings in non-obese diabetic mice,
children with recent-onset type 1 diabetes mellitusit has been suggested that the timing of vaccination
and 528 referent children in child healthcare cenmay be essential in preventing the induction of type
tres and school8” According to another Swedish 1 diabetes mellitus by BCG vaccinatigh3®l
study the comparison of the cumulative incidenceHowever, human studies have not found any strong
of type 1 diabetes mellitus (up to the age of 12evidence for protection against type 1 diabetes
years) in birth cohorts with high and low exposuremeliitus, suggesting that BCG vaccination can
to pertussis vaccine did not support the hypothesigardly be a potent prevention strategy in the future.
that pertussis could induce autoimmunity leadingThe yalue of animal studies is diminished by the

to type 1 diabetes mellit(i!] . . fact that the spontaneous development of diabetes
The role of enteroviruses, coxsackie B-virusesmeliitus in non-obese diabetic mouse and bio-

especially, in the aetiology of type 1 diabetes mely, aeding rat may reflect different pathogenetic

litus has been suggested in a number of studies angechanisms than those operating in type 1 diabetes
the recent prospective studies have furtheryeiiys in humans. Clinical trials among predia-

emphasised the role of these virusz; in the initiagetic individuals are needed to get more precise
tion of the cell damaging proces$¥: Accord- information and to assess the possible impact of

ingly, enteroviruses have to be considered as thf‘iming and administration of the immunisation.

main candi for di nic vir in hu- L
ain cand date_s 0 d abet.oge € VITUSes I U= 10 aradication of mumps, measles and rubella
mans. Coxsackie virus vaccines are effective in an;

. . ) y MMR vaccination has not caused major changes
imal models, but the only enterovirus vaccine use . . . Lo

. . o : - In the epidemiology of type 1 diabetes mellitus in
in humans is the poliovirus vaccine. Polioviruses

share antigenic determinants with other en_leand. At the present time, 15 years after the in-

. .~ troduction of MMR vaccination, no cohort effect
teroviruses and T cell responses cross-react widel 0 incidence can be seen in Finland. sugaestin
between different enterovirus€4. The possible incl in-H » suggesting

association of poliovirus vaccine and type 1 diabe{Nat the role of these infections, if any, has to be
tes mellitus is therefore of interest, as the vaccinéeStrICted to some particularly susceptible individ-

could modulate the immune response against othé’raIS comprising perhaps only a small proportion of

enterovirus infections. However, there are no dat& ¢@ses of diabetes mellitus. The incidence of type
available on the biological effects of this cross- 1 diabetes mellitus shows a constant linear increase

reactivity. which is difficult to explain by the effect of any
single vaccine implemented during the last 20
years in Finland. BCG vaccination has also been
given at birth for decades and still, the incidence of
Type 1 diabetes mellitus is a health problem astype 1 diabetes mellitus is the highest in the world.
sociated with considerable morbidity, reduced life There has not been any general shift in the timing
expectancy and significant health costs. The inciof vaccinations either.
dence of type 1 diabetes mellitus has rapidly in- Enteroviruses, especially the group of cox-
creased in many countries and a possible role o$ackie B viruses, have been linked with type 1 di-
vaccinations in this increased incidence has beeabetes mellitus in a number of studies and they are
suggested. Vaccines could modulate the immuneurrently the most interesting viruses in diabetes

3. Conclusions
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research. Coxsackie B virus vaccines are effective 7-
in animal models but they have not been tested in
humans. The only enterovirus vaccine used in hu- 8.
mans, so far, is the poliovirus vaccine, but there is
no evidence that it could influence the risk of type
1 diabetes mellitus.

No further conclusions can be drawn concern-
ing the link between immunisation and type 1 dia- 10.
betes mellitus based on the studies that have been
currently performed on the topic. There is no clear11.
evidence that any vaccine could induce type 1 di-
abetes mellitus in humans, and more information,
is needed on the possible benefits of current vac-
cines or totally new vaccines to prevent type 1 di- .
abetes mellitus. Accordingly, children at an in-
creased risk of developing type 1 diabetes mellitus,
for example those children with first degree rela- ,,
tives with type 1 diabetes mellitus, should not be
withdrawn from the recommended vaccination
programmes. In future, more efforts should be
taken to monitor the possible long term effects of 16.
new vaccines and other changes in vaccination pro-
grammes on incidence of type 1 diabetes mellitus.17.
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