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Summary. A nationwide mumps-measles-rubella vaccina- 
tion was introduced in 1982 in Finland to children aged 1.5 to 
6 years and since then mumps has virtually disappeared in 
the country. We investigated whether this rapid epidemio- 
logical change had any impact on antibody activity against 
mumps virus in Type 1 (insulin-dependent) diabetic children 
or on the incidence of Type i diabetes in Finland. Two case- 
control series were collected before (series I and II) and three 
series after (series III-V) the introduction of the vaccination. 
IgA class mumps antibody levels were significantly higher in 
Type i diabetic children than in matched control children in 
the first two but not in the three later series. IgG class anti- 
body levels were similar in patients and control subjects in 
the first two series but significantly lower in patients than in 
control subjects in the three later series. The overall in- 
cidence of Type i diabetes in 0-14-year-old children in- 

creased until 1987 but remained about the same during 1988- 
1990. In 5-9-year-old children no further increase in Type 1 
diabetes was seen since 1985, whereas in 04-year-old 
children the incidence continued to rise until 1990. The re- 
suits suggest that the elimination of natural mumps by 
mumps-measles-rubella vaccination may have decreased the 
risk for Type i diabetes in Finland; a possible causal relation- 
ship is substantiated by the observed concomitant decrease 
in mumps antibody levels in diabetic children. However, fur- 
ther studies are required to determine if the vaccine virus, 
like natural mumps, could trigger the clinical onset of Type 1 
diabetes in young children. 

Key words: Mumps, mumps antibodies, mumps-measles- 
rubella vaccination, Type i (insulin-dependent) diabetes 
mellitus. 

The role of mumps in the pathogenesis of Type 1 (insulin- 
dependent) diabetes mellitus has been suggested in sev- 
eral studies, but as yet a causal relationship has not been 
established. The incidence of Type 1 diabetes has been 
shown to increase 2-4 years after mumps epidemics [1-4] 
and, in individual cases, mumps infections have been do- 
cumented before the clinical onset of Type i diabetes 
more often than would be expected [5]. Mumps virus is 
also able to infect pancreatic beta cells in culture [6, 7] and 
increase the amount of H L A  class I molecules on infected 
beta cells [7]. Induction of islet-cell antibodies has also 
been described in association with mumps [8-11]. 

We have previously reported in two case-control 
studies [1, 12] elevated levels of serum IgA class mumps 
virus antibodies in Type 1 diabetic subjects, a phenome- 
non which has been confirmed by other investigators [13]. 
The introduction of mumps-measles-rubella (MMR) 
mass-vaccination in 1982 in Finland has resulted in the vir- 

* See Acknowledgements 

tual disappearance of natural mumps [14]. In the present 
study we describe that after the introduction of MMR vac- 
cination IgA antibody levels to mumps virus were no 
longer elevated in Type i diabetic patients compared to 
control subjects and mumps IgG antibody levels were 
lower than in control subjects, indicating that the lack of 
exposure to natural mumps is reflected by decreased 
amounts of mumps antibodies. We have attempted to 
correlate the serological findings to data on the incidence 
of new cases of Type i diabetes in Finland, which after 
many years of steady increase, may have reached a pla- 
teau during recent years. 

Subjects and methods 

Epidemiology of mumps 

Annual numbers of mumps cases in Finland were obtained from the 
yearly reports on infectious diseases compiled by the Finnish Na- 
tional Board of Health. These figures include both serologically con- 
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Fig. 1. The annual number of mumps cases reported from the health 
centres and hospitals in Finland during 1956-1990. The time of the 
implementation of mumps-measles-rubella (MMR) vaccination is 
indicated 
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Series III consisted of 54 newly-diagnosed patients from whom 
the serum was taken within 1 week after the diagnosis of Type 1 
diabetes in the Department of Paediatrics, University of Tampere in 
1985-1987. The mean age of this group was 8.5 years (range 1- 
17 years). The control children had been admitted to the same hospi- 
tal for elective minor surgical operations. They were carefully 
matched for age and sex and had no autoimmune diseases or malig- 
nancies [t6]. 

Series IV was collected as a part of the Childhood Diabetes in 
Finland (DiMe) -project in 1986-1989. Sera were taken from 93 pa- 
tients who were living in different parts of the country and were 
younger than 7 years within 1 week after the diagnosis of Type 1 
diabetes. Control children were matched for age and sex and were 
selected randomly from the Official Finnish Population Register. A 
detailed description of this project has been published eartier [17]. 

Series V was collected in 1986-1989 and contained 169 patients 
from the DiMe project and 169 sibling control children who were 
matched for age and sex. The age difference in these pairs was less 
than 2 months and the difference in the sampling date less than 
i month. The mean age of patients was 9 years (range 3-15 years). 
Also these samples were taken within 1 week after the diagnosis of 
diabetes [17]. 

firmed cases as well as cases diagnosed only clinically. In addition, 
data on serologically confirmed mumps cases were obtained from 
the annual reports of the virological laboratories in Finland for the 
years 1977-1990. 

MMR vaccination 

Vaccination with the trivalent mumps-measles-rubella (MMR) vac- 
cine was started in Finland in November 1982 in children at the age 
of 14-18 months (first dose) and 6 years (second dose). To reach 
coverage of the target population sooner children who were more 
than 18 months but less than 6 years old were also vaccinated start- 
ing from April 1983. The overall coverage in the target population 
has continuously been over 95 % [14, 15]. The vaccine (Virivac; 
Merck, Sharp Dohme & Moraten, Rahway, NJ, USA) contains live 
attenuated mumps (Jeryl Lynn B strain), measles (Enders Edmon- 
ston B, strain) and rubella (RA 27/3 strain) viruses. 

Case-control series 

Five separate case-control series of sera were collected in different 
time periods. Series I and II were collected before the MMR vaccina- 
tion programme, but soon after an extensive mumps epidemic in 
1980, and series III, IV and V after the introduction of MMR vacci- 
nation. The sera from a patient and the corresponding control child 
were taken with no more than a 4-month interval. 

Series I consisted of 210 Type 1 diabetic subjects treated at the 
Department of Paediatrics, University of Tampere; the sera were 
collected during 1980-1981. The mean duration of diabetes was 
5 years and the mean age 13 years (range 2 to 19 years). The control 
children in this series were carefully matched according to age and 
sex, and were healthy schoolchildren living in the same area as the 
patients. The collection of this case-control series has been described 
earlier in detail [12]. 

Series II included 107 newly-diagnosed Type i diabetic children 
in 1980-1983; the sera were collected within 1 week after diagnosis. 
These patients were from the departments of paediatrics of the five 
medical schools in Finland (Helsinki, Kuopio, Oulu, Tampere and 
Turku) and their mean age was 9 years (range 1-16 years). Control 
subjects were carefully matched according to age, sex and 
residence-area, and consisted either of healthy children living in the 
neighbourhood of the corresponding patient (n - 62), or of hospi- 
talked children who did not have autoimmune or malignant 
diseases ( n -  45). This series has also been described earlier in 
detail [1]. 

Antibody studies 

Serum IgG and IgA class mumps antibody levels were measured by a 
four-layer modification of ELISA as previously described [12]. In 
series I and II a commercially available mumps virus antigen (Mumps 
Orivir; Orion Diagnostica, Mankkaa, Finland) was originally used as 
an ELISA antigen [1, 12]. In series III, IV and V the mumps virus 
antigen was prepared according to the principles previously de- 
scribed [18]. Briefly, allantoic fluid from infected chicken embryos 
was collected and, after crude centrifugation and filtration through a 
450 nm filter, the supernatant was concentrated by a hollow-fibre 
liquid concentrator (Amicon; Grace Company, Mass., USA). The vi- 
rions were pelleted by centrifugation through 30 % sucrose layer in 
phosphate buffered saline (pH 7.2) onto a 50% sucrose cushion 
(100,000 g, 120 rain at 4 *C). In addition to series I I I -V also a propor- 
tion of series I and II (88 pairs and 42 pairs, respectively) were ana- 
lysed using this purified antigen and the same ELISA procedure to ex- 
clude possible antigen-dependent differences. Antibody levels were 
expressed in enzyme immunoassay units (EIU) which show the 
relative antibody activity of the sample compared to positive and ne- 
gative reference sera [12]. Coxsackie B4 virus (reference strain from 
World Health Organisation) antigen was purified from infected Vero 
cells and used in ELISA as previously described [19]. 

Incidence of Type 1 diabetes 

The incidence data for Type 1 diabetes in children were derived from 
a national register maintained by the Social Insurance Institution, 
based on an allowance for free insulin treatment [20, 21]. The annual 
incidence rates were based on all new cases of diabetes in children 
aged 0-14 years in Finland in 1966-1990 registered by the Social In- 
surance Institution. Because of rather large year-to-year fluctuation 
we used means of 3 or 4 consecutive years in the present analyses. In 
order to depict differences in diabetes risk by birth cohorts, cumula- 
tive incidence was calculated from the number of all children born 
during defined years and manifesting diabetes at the age of 0-4 or 
7-9 years according to the drug registry data and using all children 
born in the same years as denominator. 

Statistical analysis 

Paired Student's t-test was used in comparisons of paired data and 
non-parametric statistics (Mann-Whitney U-test) for other analyses. 
The age-adjustment in computing the annual and mean annual in- 
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cidence rates was done by the direct method using the 5-year age 
group distribution of all children in Finland at the end of 1974 as the 
reference population. In the adjustment of the cumulative incidence 
rates the weights were based on the distribution of sizes of the birth 
cohorts. 

Results 

Epidemiology of  mumps 

Afte r  m u m p s  epidemics during 1970 and 1971 a relatively 
long low-incidence per iod fol lowed in Finland and was, in 
turn, fol lowed by an extensive mumps  epidemic in 1979- 
1980 (Fig. 1). In  N o v e m b e r  1982 a M M R  mass-vaccina- 
t ion p r o g r a m m e  was in t roduced  (see Subjects and meth-  
ods). Since then the n u m b e r  of  mumps  cases has rapidly 
decreased and no epidemics have occurred  (Fig. 1). The  
n u m b e r  of  repor ted  mumps  cases was very low in 1984- 
1990 and an almost  comple te  eradicat ion has been  
achieved. 

Mumps virus antibodies in Type 1 diabetic subjects 

Mumps  I g A  ant ibody levels in the first two series, which 
were collected before  the M M R  vaccinat ion soon after 
the extensive mumps  epidemic in 1979-1980 were  signifi- 
cantly higher in patients than in control  children (Table 1, 
Fig. 2). However ,  in later series which were collected after 
the M M R  vaccinat ion had  been  initiated (series I I I - V )  
the mumps  I g A  levels were  not  different be tween  patients 
and control  children. IgG class mumps  antibodies were 
similar in patients and control  children in series I and II, 
but  were significantly lower in pat ients  than in control  
children in series I I I - V  (Table 1, Fig. 2). 

The  patients and control  children in series II  were  re- 
analysed using the same antigen and methods  as in series 
III-V.  Also  in these analyses the patients had elevated 
levels of  I gA  class mumps  virus antibodies compared  to 
control  children (mean E I U  + SEM: 2 1 +  3 vs 1 0 + 2 ,  
p < 0.01), while I g G  levels did not  differ be tween  the 
groups (29 + 4 vs 28 _+ 4). I g A  or  I gG  class an t ibody levels 
against coxsackie B4 virus antigen showed no such decline 
in series III-V.  

Incidence of Type 1 diabetes 

�9 The  overall  incidence of  Type 1 diabetes in 0-14-year-old  
children steadily increased f rom 1966 to 1987 (Fig. 3). Two 
small peaks  were  observed,  one  in 1970-1972 and the 
other  in 1982-1984, which both  were  preceded  by an 
epidemic of  mumps  a few years earlier, in 1966-1967 and 
1970-1971 as well as in 1979-1980. These two peaks in 
diabetes incidence rates were observed  in bo th  sexes and 
were more  marked  in 5-14-year-old  than  in very young  
(0.4-year-old)  children (Fig. 4). Af te r  the implementa-  
t ion of  M M R  vaccinat ion the increasing t rend in the in- 
cidence of  Type 1 diabetes cont inued until 1988-1990, 
6 years  after the initiation of  M M R  vaccinat ion and al- 
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Table 1. The average serum IgA and IgG class mumps antibody 
levels (mean EIU _+ SEM) in Type 1 diabetic subjects and matched 
control subjects in five different patient series (I-V) 

Series a Time Antibody Diabetic Control 
period class patients subjects p value 

I (n = 219) 1980-198l IgA 21 +2 14 +2 < 0.01 
IgG 40 + 2 40 4-- 2 NS 

II (n = 107) 1980-1983 IgA 16 + 3 9 + 2 < 0.02 
IgG 28 + 3 27 _+ 3 NS 

III(n=54) 1985-1987 IgA 10_+2 8_+2 NS 
IgG 32 _+ 3 46 + 4 < 0.005 

IV(n=93) 1986-1989 IgA 2+1 3+1 NS 
IgG 24 -+ 2 33 -+ 2 < 0.01 

V (n = 169) 1986-1989 IgA 6-+ 1 6_+ 1 NS 
IgG 29 _+ 2 36 _+ 2 < 0.005 

aThe number of patient-control pairs is shown in parentheses. 
EIU, Enzyme immunoassay unit 
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Fig.2. The difference of IgA (11) and IgG ([~) mumps antibody 
levels between Type 1 diabetic subjects and corresponding control 
subjects (mean difference/EIU + SEM) in the five case-control 
series (I-V). Positive values indicate higher antibody levels in pa- 
tients than in control subjects. EIU, Enzyme immunoassay unit 
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Fig.3. Age-adjusted mean annual incidence (per 100,000) of Type 1 
diabetes in 0-14-year-old Finnish children by time period in boys 
(m) and girls (E]). The time of the implementation of mumps-meas- 
les-rubella (MMR) vaccination is indicated 
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Fig. 4. Age-adjusted mean annual incidence (per 100,000) of Type 1 
diabetes in Finnish children by time period in different age groups 
(O-O,  0-4-year-old;A-A 5-9-year-old, �9 - �9 10-14-year-old 
children). The time of the implementation of mumps-measles-rubel- 
la (MMR) vaccination is indicated 

most 10 years after the last mumps epidemic, when it 
seemed to plateau (Fig. 3). In very young children (0- 
4 year-old), however, the incidence continued to rise also 
in 1988-1990 (Fig. 4). 

Cumulative incidence of Type i diabetes was analysed 
in different birth cohorts (Tables 2 and 3) which had pre- 
sumably been exposed either to natural mumps or to 
MMR vaccination only. Among the children contracting 
diabetes at the age of 7-9 years (born 1979-1981), who 
were no longer exposed to natural mumps but had had 
vaccinations, a slightly lower cumulative incidence of 
Type 1 diabetes than in the two previous birth cohorts was 
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found (Table 2). This difference was not, however, statisti- 
cally significant. In the 0-4-year-old children, born after 
the introduction of the vaccine, a higher cumulative in- 
cidence of Type i diabetes than in the non-vaccinated co- 
horts was seen (Table 3). 

Discuss ion  

We have shown that during a non-epidemic period after 
the nationwide MMR vaccination was introduced in Fin- 
land serum mumps IgA antibodies in patients with Type 1 
diabetes have decreased from elevated to normal levels 
and IgG antibodies from normal to abnormally low levels. 
The decreasing trend in IgA and IgG class antibody 
profiles in patients was seen also when the sera from the 
previous series were re-analysed with exactly the same 
methods that were used in the later series suggesting that 
these changes were not due to technical differences in our 
ELISA tests. 

The selection of individuals for matched control chil- 
dren could explain the differences in antibody levels. 
However, this seems unlikely as all control children were 
carefully matched for age and sex and the age-distribution 
overlapped considerably in different series. On the other 
hand, differences in the history of MMR vaccinations be- 
tween these series could also be related to the differences 
in antibody profiles. We are analysing the material in this 
respect and our preliminary observations suggest that this 
is not the case; the number of MMR vaccinations was not 
different between patients and control children, and the 
antibody abnormalities in patients were observed follow- 
ing both MMR vaccinations and natural infections (M. 
Hiltunen and H. Hy6ty, unpublished observations). It has 
also been previously shown that mumps antibody levels in 

Table 2. Cumulative incidence (means and 95 % confidence intervals) of Type I diabetes (per 100,000) in children aged 7-9 years in different 
birth cohorts in Finland 

Birth Diagnosis of MMR Exposure to Boys Girls All 
cohort diabetes vaccination mumps epidemics 

1970-1972 1977-1981 - + 110.9 (89.3-132.5) 93.8 (73.6-114.0) 102.6 (87.9-117.3) 
1973-1975 1980-1984 - + 122.9 (100.6-145.2) 103.5 (82.5-124.5) 113.5 (98.2-128.8) 
1976-1978 1983-1987 + + 121.0 (92.1-142.4) 122.5 (100.4-144.6) 121.7 (106.2-137.2) 
1979-1981 1986-1990 + - 115.9 (94.%137.1) 102.7 (82.3-123.1) 109.4 (94.7-124.1) 

MMR, Mumps-measles-rubella 

Table 3. Cumulative incidence (means and 95 % confidence intervals) of Type i diabetes (per 100,000) in children aged 0-4 years in different 
birth cohorts in Finland 

Birth Diagnosis of MMR Exposure to Boys Girls All 
cohort diabetes vaccination mumps epidemics 

1973-1975 1973-1979 - - 79.5 (61.5-97.5) 84.6 (65.6-103.6) 82.0 (68.9-95.1) 
1976-1980 1976-1984 (+) + 113.P (97.0-129.2) 92.3 (78.2-106.4) 102.9 b (91.9-113.9) 
1981-1983 1981-1987 + - 123.6 (102.0-145.2) 96.8 (77.2-116.4) 110.6 (95.9-125.3) 
1984-1986 1984-1990 + - 122.7 (100.8-144.7) 115.0 (93.2-136.8) 119.0 (103.5-134.5) 

1973-1980 1973-1984 - ( + )  + 101.0 (88.9-113.2) 89.5 (77.7-101.3) 95.4 (87.0-103.8) 
1981-1986 1981-1990 + - 123.1c(107.6.138.6) 105.8 (91.1-120.5) 114.7d(104.1 125.3) 

ap <0.01; bp <0.05 when compared to birth cohort 1973-1975; c p <0.05 when compared to 1973-1980; p < 0.001 when compared to 
1973-1975; d p < 0.01 when compared to 1973 1980; p < 0.001 when compared to 1973-1975. 
MMR, Mumps-measles-rubella 
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patients are not correlated with HbAlc levels, ketosis or 
the loss of body weight at the diagnosis of diabetes sug- 
gesting that the metabolic imbalance as such is not suf- 
ficient to induce abnormalities in mumps antibody levels 
[1, 22]. 

The significance of elevated IgA class mumps antibody 
levels in patients in the first two series is not known, but it 
could reflect either an aberrant immunological reactivity 
or a prolonged course of mumps in these individuals. 
Serum IgA class mumps antibodies are known to persist 
much longer than IgM class mumps antibodies after acute 
infection and prolonged elevation of IgA may be related 
to chronic or persistent infections. One could speculate 
that the lack of such IgA elevation in later patient series 
could be due to the fact that natural mumps was then rare. 
The parallel decline in IgG class antibodies supports this 
assumption. 

Defective IgG class antibody response to mumps virus 
in Type 1 diabetic patients may be connected to genetic 
risk factors for the disease, such as HLA-DR3 which 
seems to be associated with low cellular immune reactivity 
against mumps virus in vitro [23]. It may also reflect a 
general defect in antibody responsiveness as certain other 
virus antibodies have been shown to be decreased in 
diabetic subjects [13, 16, 22, 24, 25]. Such a defect in im- 
mune defence may also increase the risk for severe mumps 
infections and have relevance in the pathogenesis of 
Type 1 diabetes. This possibility is actually supported by 
previous studies on sex-related differences in mumps 
virus specific immune responses - mumps antibody levels 
are significantly lower in males than in females [1, 12, 26] 
whereas complications of mumps are more common in 
males than in females [27-29]. Interestingly, also the in- 
cidence of Type 1 diabetes is higher in boys than in girls 
[17, 20, 21]. 

MMR vaccination has altered the epidemiology of 
mumps in Finland in two ways. Firstly, it has rapidly elimi- 
nated natural infections and secondly, the vaccine virus 
itself, although attenuated, has increased the number of 
challenged individuals in young children who otherwise 
would have not been infected by mumps at that age. Even 
though the attenuated vaccine virus may be less harmful 
than the native virus it may have the potential to increase 
the risk for diabetes in some children. Our observations 
suggest that in older age groups the effect of vaccination, 
if any, may have been more protective than harmful, but 
the question remains open for young children since 
among very young children, who were the main target 
population for MMR vaccination, the incidence of Type 1 
diabetes has continued to rise until recently in contrast to 
the older age groups. This rise may, of course, be caused by 
several factors other than MMR and further studies are 
needed to explain this phenomenon.  Also the possible 
role of the rubella component of the vaccine should be 
considered as congenital rubella infections have been 
shown to be able to induce Type i diabetes [30]. 

Incidence of Type 1 diabetes in children during the 
1980 s indicated no major alterations which could be re- 
lated to MMR vaccination, but in 1988-1990, approxi- 
mately 7 years after the last mumps epidemic and 6 years 
after the MMR vaccinations were started, the continuous 
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rise in diabetes incidence may have ceased. A 2-4-year 
time lag has previously been described between mumps 
epidemics and rises in the incidence of diabetes [1-4] sug- 
gesting that the present observation period was long 
enough for the identification of possible mumps related 
alterations in diabetes incidence rates. However, due to 
the multiaetiological nature of the disease it is too early to 
draw final conclusions and the next few years will show 
whether this plateau in diabetes incidence will continue in 
Finland. Thus far, comparable studies from other coun- 
tries where MMR vaccination has been in use have not 
been published. 

Altogether, the observed changes in diabetes incidence 
rates are relatively small suggesting that so far the eradica- 
tion of mumps by MMR vaccination has not caused major 
changes in the epidemiology of Type 1 diabetes in children 
in Finland. It should be noted, however, that the role of 
mumps in the pathogenesis, if any, has to be restricted to 
certain particularly susceptible individuals comprising 
perhaps only a small percentage of all diabetes cases. 
Therefore,  a possible effect of MMR may be difficult 
to identify on the basis of incidence data alone. Serological 
evidence, like the observed shift in mumps antibody levels 
in the present study, may be a more sensitive marker of such 
a connection. Further study of the possible connection 
in children whose MMR vaccination status is precisely 
known is necessary; such studies are currently in progress. 
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