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The seroepidemiology of rubella*

The independent analysis of current prevalence and past incidence
in serological surveys in Spain

E. NAJERA,1 R. NAJERA,2 & F. PEREZ GALLARDO3

Epidemiological patterns of rubella transmission were studied by performing haemag-
glutination-inhibition (HI) tests on 1 132 sera collected from urban and rural areas of
Spain in the period 1969-71. Different epidemiological values were ascribed to 3 levels
of HI titre in order to analyse current prevalence and past incidence independently. Titres
below 8 were considered negative, while low titres (8-32) were taken to indicate old
immunity, medium titres (64-512) to indicate well-established immunity, and high titres
(>1 024) to indicate recent infection. The method appears to be of value for the
surveillance of rubella. The findings confirmed that transmission takes place mainly among
children of school age and continues at a substantial level up to about 30 years of age.
The pattern of transmission differed markedly between city and rural populations.

Between 1941, when Gregg demonstrated the cor-
relation between rubella infection of pregnant women
and congenital cataract of the newborn, and 1962,
when Parkman et al. and Weller & Neva isolated
the rubella virus, most studies of the disease were
clinical and epidemiological. Since 1962, the deter-
mination of rubella antibodies has become possible,
and from 1967, when Stewart et al. described the
haemagglutination-inhibition (HI) test, mass-screen-
ing studies began.
The lack of clear clinical symptoms often makes

the diagnosis of rubella very difficult, and many
cases occur unnoticed. The disease is not notifiable
in Spain, and so there are no official figures on its
incidence. The data would in any case be of very
limited value because of the characteristics of the
disease mentioned above.

All these factors add to the value of studies of
the seroepidemiology of rubella and the detailed
analysis of the data obtained.
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I Deputy Director.
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' Director.

MATERIALS AND METHODS

Sera

Through the kindness of the provincial medical
officers of health, 287 sera were collected from the
province of Madrid, 397 sera from Navarra, and
246 sera from Teruel; 202 sera were collected from
other areas. The Madrid sera all came from the
capital. The Navarra sera were obtained in the
provincial capital and villages in the Elizondo valley
along a road leading to France that is used for
tourism and commerce. The sera from the remote
province of Teruel came from isolated villages.

All sera were obtained from healthy individuals
in the population at large. In the villages sera were
collected from 5% of the population, selecting
schoolchildren randomly and then taking blood from
all family members in the same household. In the
urban areas sera were taken from people visiting
the public health services for reasons unrelated to
sickness (for immunization, health certificates, etc.);
an attempt was always made to collect sera from
members of the family of the person randomly
selected.
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Haemagglutination-inhibition test

We used the technique described by Stewart et al.
(1967), with minor modifications, for the determi-
nation of HI antibodies.

Sera, including positive and negative controls,
were treated with 25% acid-washed kaolin in
dextrose-gelatin buffer to remove nonspecific inhi-
bitors, mainly present in the ,B-lipoprotein fraction.
They were then treated with 50% pigeon red cells,
and were used, in 0.2-ml volumes, for the titration
of the haemagglutinin and for the HI test, to remove
nonspecific haemagglutinins (mainly present in the
a-glycoprotein region). The final product was ad-
justed to a 1: 8 dilution and heated for 30 min
at 560C.

Serial twofold dilutions from 1: 8 to 1: 8 196
were made with dextrose-gelatin buffer. HI tests
were performed in WHO lucite plates with 0.2-ml
micropipettes (Oxford system). Four 100% haemag-
glutinating units of a freeze-dried antigen ofcommer-
cial origin (Flow Laboratories Ltd., Irvine, Scotland)
were added. After reaction for 1 h at room tempera-
ture, 0.2 ml of pigeon red blood cells was added
and the plates were held at 4°C for 1 h. After a
further 30 min at room temperature the results were
recorded.

The red blood cells were standardized in a spectro-
photometer at a wavelength of 540 nm in accordance
with the Center for Disease Control's recommenda-
tions (1970).

Standardized positive and negative sera were
included in each test as well as controls for non-
specific haemagglutinins and red blood cells.

RESULTS AND DISCUSSION

Following the accepted criteria for the interpreta-
tion of rubella HI titres in sera, we ascribed the
following epidemiological values to the titres
obtained:

(1) Titres below 81 were considered negative, and
were assumed to indicate no contact with the rubella
virus.

(2) Titres of 8, 16, and 32-low titres-were con-
sidered to be indicators of old infection, although
they also included subjects with a slow or inadequate
immunological response as well as infants who had
inherited their immunity transplacentally.

(3) Titres of 64, 128, 256, and 512-medium
titres-were considered to represent old (> 1 year)
but well-established immunity.

1Titres are expressed as the reciprocal of the highest
dilution giving full inhibition.

Table 1. Results of rubella HI tests on sample sera by age group, Spain, 1969-1971

Positive sera

Age No. of Confidence Low titres Medium titres High titres Negative
group sera No. % of limits a (8-32) (64-512) (> 1 024) seraexamined poiie all of % _________________ %

sera (P = 0.95) No. % No. % No. %

0-2 months 45 30 66.7 ± 14.1 15 33.3 15 33.3 0 33.3

3-5 months 11 3 27.3 + 26.9 2 18.2 1 9.1 0 - 72.7

6-11 months 20 3 15.0 i 16.0 1 5.0 1 5.0 1 5.0 85.0

1 year 19 4 21.1 ± 18.7 78.9
6 14.3 4 9.5 3 7.1

2 years 23 9 39.1 ± 20.3 60.9

3-4 years 96 73 76.0 ± 8.7 17 17.7 40 41.7 16 16.7 24.0

5-9 years 254 203 79.9 i 5.0 32 12.6 119 46.9 52 20.5 20.1

10-14 years 364 317 87.1 ± 3.5 41 11.3 214 58.8 62 17.0 12.9

15-24 years 85 75 88.2 ± 7.0 10 11.8 53 62.4 12 14.0 11.8

25-34 years 148 135 91.2 ± 4.7 32 21.6 95 64.2 8 5.4 8.8

> 35years 67 59 88.1 ± 7.9 16 23.9 39 58.2 4 6.0 11.9

total 1132 911 80.5 ± 2.4 172 15.2 581 51.3 158 14.0 19.5

a Confidence limits are calculated ± 2 standard errors.



THE SEROEPIDEMIOLOGY OF RUBELLA

(4) Titres of 1 024 or more-high titres-were
taken to indicate a recent infection that had gener-
ally occurred less than 1 year earlier.

The classification of sera positive for rubella HI
antibody into the 3 titre levels gave a better under-
standing of the epidemiology of the disease. The
analysis was carried out in provinces where the
number of sera studied was sufficient to permit
drawing some conclusions.
Both sexes were considered together, because even

if rubella infection is of public health importance
only in women of child-bearing age, the two sexes
play the same role in the transmission of the disease
and in building up the population's herd immunity.
Table 1 and Fig. 1 and 2 show the overall results

of the study by age group and HI titres. It is evident
that in the population as a whole a high level of
immunity is reached early in childhood, as 76% of
children in the 3-4-year age group were already
seropositive. That immunity is then maintained in
the population, reaching 80% in the 5-9-year age
group, 88% in the 15-24-year age group, and 91 %
in the 25-34-year age group.
The level of immunity at birth is also quite

high-67% of infants aged less than 3 months were
seropositive-but falls sharply to only 15% between
6 months and 1 year. The proportion of the popula-
tion found to be seronegative in the last 3 age
groups from 15 years upwards is about 10%. This
indicates the percentage of women at risk during
their fertile years.
The confidence limits for these figures were cal-

Fig. 1. Percentage of all sera positive
for rubella antibody by age. The solid
line shows the percentage observed;
the dotted lines mark the confidence
limits (P =,0.95).

culated to allow for differences in sample size, and
are graphically represented in Fig. 1.
The HI titres grouped in the 3 epidemiological

categories mentioned above are illustrated in Fig. 2
(numerical values are given in Table 1). Three very
different curves appear: (a) the curve of the medium
titres, representing well-established immunity, more
or less follows the general curve; (b) the curve of
the low titres, representing old or transplacentally
acquired immunity, falls after birth, remains low
during the transmission period, and starts to increase
slowly during adult life; (c) the curve of the high
titres, which result from recent infections and give
the clearest indication of the ages at which rubella
is transmitted, is high during childhood but falls
and remains low for adults.

In Table 2 the results are analysed separately
for the provinces of Madrid, Navarra, and Teruel.

Fig. 3 emphasizes the importance, from the epi-
demiological viewpoint, of separating total immunity
(all seropositives) from old immunity (low and
medium titres). The curve of old immunity is a
better representation of the herd immunity because
when recent infections are omitted from the calcula-
tions the impact of a local outbreak a few months
before a survey cannot affect the general picture.
In the province of Teruel, with its rural popula-
tion, this emerged clearly. The real herd immunity
was quite low but the overall immunity at the time
of the sample was higher because of a recent out-
break in the area where the sera were taken; hence
27% of positive sera in the sample had titres of 1 024
or more (Table 2).
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Fig. 2. Percentage of positive sera by
antibody level and age.

CONCLUSION

The analysis of positive sera by titre levels permits
current prevalence and past incidence to be studied
independently. This method, which can be useful
in the epidemiological study of many diseases, is of
special importance in studying the epidemiology of
rubella because of the frequent lack of clinical symp-

toms in this disease.

The number of seronegatives found in the different
age groups provides a key for deciding on the scope
of an antirubella vaccination programme in a given
area. A recent, clinically silent outbreak in the area

can bias the result of a sample survey of sera. For
this reason, analysis by titre levels will give a more

realistic picture of the local epidemiology of the
disease and make the vaccination programme more

effective.

Table 2. Results of rubella Hi tests on sample sera by area, Spain, 1969-1971

Positive sera
No. of Negative

Area sera %Of Confidence Low titres Medium titres High titres sera
examined No. all limits a (8-32) (64-512) (> 1 024) (%a

positive seal (P of % No.
sera (p = 0.95) No. % No. % No. %

Madrid 287 203 70.7 ± 5.4 48 16.7 132 46.0 23 8.0 29.3

Teruel 246 179 72.8 ± 5.7 39 15.9 74 30.1 66 26.8 27.2

Navarra 397 347 87.4 : 3.3 44 11.1 243 61.2 60 15.1 12.6

Other areas 202 182 90.1 ± 4.2 41 20.3 132 65.4 9 4.5 9.9

total 1132 911 80.5 ± 2.4 172 15.2 581 51.3 158 14.0 19.5

a Confidence limits are calculated + 2 standard errors.
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Fig. 3. Percentage of total immunity (HI titres
of 8 or more) and old immunity (Hi titres
from 8 to 512) by age.
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RItSUMIt

LA SERO-EPIDEMIOLOGIE DE LA RUBEOLE: ANALYSE SEPAREE DE LA PREVALENCE ACTUELLE ET
DE L'INCIDENCE PASSE-E A L'AIDE D'ENQUETES SEROLOGIQUES EN ESPAGNE

Les aspects epidemiologiques de la transmission de la
rubeole en Espagne ont ete 6tudies de 1969 a 1971 en
pratiquant l'6preuve d'inhibition de l'hemagglutination
(IH) sur 1132 serums provenant de diverses r6gions du
pays: ville de Madrid, capitale et villages de la province
de Navarre, villages isol6s de la province de T6ruel.

L'analyse a ete conduite en attribuant une valeur
6pid&miologique differente aux titres IH observes. Les
titres inferieurs a 8 ont et consid6r6s comme negatifs;
les titres faibles (8 a 32) comme indiquant une infection

ancienne; les titres moyens (64 a 512) comme signant une
immunit6 ancienne (>1 an) mais solide; les titres elev6s
(1024 ou plus) comme l'indice d'une infection recente.
Grace a cette m6thode, on a pu confirmer par la s6rologie
que la transmission de la rubeole se fait essentiellement
parmi les enfants d'age scolaire et qu'elle se poursuit
avec une intensit6 notable jusque vers l'age de 30 ans.
Les modalit6s de cette transmission sont tres differentes
selon qu'il s'agit de populations urbaines ou de popula-
tions rurales.
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