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Under the auspices of WHO an investigation was made by 9 laboratories in different
parts of the world on the distribution of rubella antibodies in girls and women of child-
bearing age. In the first part of the study the objective was to determine the reliability
and reproducibility of the tests employed. It was found that there were no significant
differences in the variability of the titres obtained in different laboratories when the results
were compared with those obtained by repeatedly testing the same sera in one laboratory.

In the second part of the study sera were obtained from girls in schools and women
attending clinics and health centres. They were not taken from random samples of the
populations. In most of the studies the pattern of development of antibody was similar.
About half the persons had antibody at 6-8 years of age and 80 %-87 % at 17-22 years of
age, the percentage remaining relatively constant thereafter. The island populations
of Trinidad andJamaica and a rural area ofJapan were, however, found to have significantly
fewer women with antibodies than urban areas in Europe or the Americas.

A major rubella epidemic was experienced on the
North American continent during 1964, which
resulted in congenital rubella anomalies in an
estimated 20 000 infants. No epidemic of similar
magnitude was recognized in other areas of the
world. The potential danger of recurring rubella
epidemics with congenital aftermaths has made
obvious the need for a control programme. As one
step in such a programme, the present study was
undertaken to determine the experience patterns of
people of different age-groups in different areas of the
world with rubella virus, and to determine the pro-
portion of women of child-bearing age who are at
risk to rubella virus infection.

This investigation was organized by the World
Health Organization and the WHO International
Reference Centre for Enteroviruses, Houston,
Texas, USA, and carried out as a co-operative
effort by 9 WHO Virus Reference Centres or other
collaborating laboratories. An initial study was
undertaken to determine the reliability and repro-
ducibility of a standard procedure adopted for meas-
uring rubella virus neutralizing antibodies. This was
followed by a rubella antibody survey of represen-
tative samples of the female population in each area
of the reference centres. In addition, sera were sur-
veyed from 5 other areas not represented by a WHO
Virus Reference Centre.
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MATERIALS AND METHODS

Sera

WHO convalescent reference serum (A/RUB/
TR65/137) and WHO normal human gamma-
globulin (No. 86) were supplied by Dr J. Spaun,
WHO International Laboratory for Biological Stand-
ards, Statens Seruminstitut, Copenhagen, Denmark.'
At the International Reference Centre for Entero-
viruses, hyperimmune rubella antiserum was pre-
pared in baboons by inoculating 3 ml of rubella
virus (Ellis strain containing 10W- interfering doses50
(IND50)/ml) in 3 ml of complete Freund's adjuvant
intramuscularly plus 3 ml intravenously. One month
later the animals received the same inoculum. The
final inoculation of 3 ml of virus was given intraven-
ously one month later and the animals were ex-
sanguinated 2 weeks after the last injection. Each
laboratory was supplied with these sera and some
were also supplied with selected coded human sera
from the Houston, Texas, area.

Thirty to 40 serum samples in the age-groups
6-8 years, 10-12 years, 17-22 years, 23-29 years and
30-35 years were collected as representative of the
female population in each area of the 9 collaborating
WHO centres: Prague, Czechoslovakia; Copen-
hagen, Denmark; London, England; Lyons, France;
Melbourne, Australia; Tokyo, Japan; Ottawa,
Canada; Atlanta and Houston, USA. In Japan,
sera were available from two different areas-one
urban, Sapporo; and the other rural, Ohtsu. Serum
samples were also collected by Dr Julio Barrera-Oro,
Buenos Aires, Argentina; Dr Louis Grant, Kingston,
Jamaica; Dr Leslie Spence, Port-of-Spain, Trinidad;
and Dr Lim Kok Ann, Singapore. These last 4 lots
of sera were shipped to the WHO International
Enterovirus Reference Centre, Houston, for antibody
determination. Sera were stored at -20°C and
tested either untreated or heat-inactivated at 56°C
for 30 minutes as indicated in Table 1.
The selection of the age-groups was based on

practical possibilities: the younger groups were avail-
able among children in primary schools, and the
older among women attending clinics and health
centres. The numbers of sera available from different
areas varied slightly, but as the groups were chosen
by similar methods in all areas, the results could be
compared.

1 The titration of this serum and gammaglobulin in the
collaborative study has shown that the establishment of an
international reference preparation of anti-rubella serum
would be valuable.

Tissue cultures and media
African green monkey kidney (GMK) cells were

cultivated by a previously described technique (Mel-
nick, Wenner & Rosen, 1964), using Melnick medi-
um A for initial growth and medium B with 2%
foetal bovine serum for maintenance. Virus and
serum dilutions were made in maintenance medium
supplemented with 10% normal rabbit serum instead
of foetal bovine serum. The rabbit kidney cell line
(RK-13) and a rabbit cornea cell line (SIRC) were
used for virus and antibody assay in some instances,
as indicated in Table 1. The techniques for cultiva-
tion and the media used for these cells are described
elsewhere (McCarthy et al., 1964; Leerhoy, 1966).

Viruses
A strain of rubella virus (Baylor R-1), isolated from

the thyroid of an infant with congenital rubella
(Rawls at al., 1965), which had been passed twice
in BHK-21 cells by the technique of Vaheri et al.
(1965) provided the standard stock virus. Echo-
virus 11 (Gregory) stocks were prepared and assayed
in GMK. Large lots of each virus were prepared
at theWHO Enterovirus Reference Centre, ampouled
and distributed on dry-ice to all participating labora-
tories. Exceptions to the use of these viruses are
shown in Table 1.

Neutralization procedure
The basic neutralization procedure used was a

modification of that described by Parkman et al.
(1964). Rubella virus was diluted to contain approxi-
mately 30-50 interfering doses in maintenance medi-
um supplemented with 10% normal rabbit serum.
Sera to be tested were diluted 1: 8 in the same
medium. Equal volumes of virus and serum were
mixed and allowed to incubate for 2 hours at room
temperature. After incubation 0.2 ml of the serum-
virus mixture was inoculated into a minimum of
3 culture tubes of GMK cells from which the
medium had been drained. After 1 hour's adsorp-
tion at room temperature the monolayers of cells
were covered with 1 ml of maintenance medium and
incubated for 6 days at 37°C. On the 6th day the
medium was removed and replaced with maintenance
medium containing 100 TCD50 of echovirus 11.
The tubes were reincubated at 37CC and examined
on days 3 and 4 for echovirus cytopathic effect
(CPE). The end-point of the titration was that dilu-
tion of serum at which echovirus cytopathic effect
appeared in 2 or more tubes. Simultaneous rubella
virus and echovirus titrations were performed with
each test.
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TABLE 1
SUMMARY OF MATERIALS USED BY PARTICIPATING LABORATORIES

Laboratory
Materials used

Lyons [ Atlanta London [Copenhagen Victoria 1 Ottawa 1 Praguea| Houston Tokyo

Tissue culture RK-13 GMK GMK SIRC RK-13 GMK GMK GMK GMK

Medium No. 199 Modifled Melnick Eagle No. 199 No. 199 Melnick Melnick Melnick
Eagleb

Rubella virus strain Baylor Gilchrist Baylor Judith Baylor Ottawa Baylor c Baylor Baylor
and Baylor and

Baylor
Interference challenge None Echovirus Echovirus None None Echovirus Echovirus Echovirus Echovirus

Heat inactivation of sera Yes Not Some sera No Not Not No No Not
stated heated stated stated stated

a Medium supplemented with horse serum instead of calf serum.
b Kissling & Reese (1963).
c Rubella virus passaged once in GMK.

In Houston, rubella antibody titres were also
determined by plaque reduction (Rawls et al., 1967).
Rubella virus was diluted in Tris buffer containing
2% foetal bovine serum. Approximately 100 plaque-
forming units (PFU) in 0.5 ml as determined by
prior titration were mixed with 0.5 ml of the serum
diluted in the same diluent. The mixture was
incubated for 30 minutes at 37°C and 0.2 ml of the
mixture was inoculated on to monolayers of BSC-1
cells (Hopps et al., 1963) in 60-mm plastic Petri
dishes. After an adsorption period of 1 hour, the
monolayers were flooded with 5 ml of medium.
The cells were incubated at 37°C for 48 hours and
0.2 ml of a 1: 4 dilution of a Newcastle disease
virus stock containing 3 x 108 PFU/ml was added.
An additional 16-20-hour incubation period at
37°C was followed by removal of the medium and
addition of 2 ml of 0.5% sheep red blood cells in
saline. The red cells adsorbed to the monolayer
within 20 minutes at room temperature except in
areas where the cells of the monolayer were infected
with rubella virus. These areas were readily visible
as haemadsorption-negative plaques (Marcus & Car-
ver, 1965). A 70% or greater reduction in plaque-
forming units was taken as the end-point of the
presence of rubella antibodies (Rawls et al., 1967).

Complement fixation (carried out in Atlanta
and Houston)
Complement-fixing antigen used was either pre-

pared by alkaline extraction of virus grown in suspen-
sion cultures of BHK-21 cells (Schmidt & Lennette,
1966; Halonen, Casey et al., 1967) or purchased

from Microbiological Associates, Bethesda, Md.,
USA. The complement-fixation tests were performed
by a microtitre technique (Sever, 1962; Melnick,
1967) in the Houston laboratory and by the micro
LBCF technique (Casey, 1965) in the Atlanta
laboratory.

Haemagglutination inhibition (carried out in Atlanta
and Houston)
Haemagglutination (HA) antigens were prepared

by alkaline extraction of rubella-infected BHK-21
cells (Halonen, Ryan & Stewart, 1967) or purchased
from Microbiological Associates. The haemaggluti-
nation-inhibition (HI) technique used in the Houston
laboratory was essentially that described by Stewart
et al. (1967), while in the Atlanta laboratory that of
Halonen, Ryan & Stewart (1967) was followed.
In the HA and HI tests carried out in Houston the
antigen and sera were diluted in dextrose-gelatin
Veronal (barbital) buffer (DGV) (Work, 1964).
Adult goose erythrocytes were collected in Alsever's
solution, washed 3 times in DGV and diluted to a
final concentration of 0.25% in DGV. Linbro dispos-
able U-plates were used in all HA, HI and CF titra-
tions. Serum samples were treated with kaolin and
goose red cells according to the technique described
for arboviruses (Work, 1964). In the HI test 0.025 ml
serum and 0.025 ml containing 4 HA units of antigen
were mixed and incubated for 2 hours at 40C. Goose
cell suspension was added (0.05 ml) and the aggluti-
nation pattern was read after 1-2 hours at 4°C. The
dilution of serum completely inhibiting the agglutina-
tion of erythrocytes was taken as the serum HI titre.
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The HA and HI tests were performed by the Atlanta
laboratory using a diluent of 0.4% bovine albumin
borate saline solution (pH 9.0) instead of DGV and
2-day-old chicken red blood cells in 0.15 M NaCl
phosphate buffer instead of goose red cells. After
addition of buffer the final pH of the test mixture
was 6.2.

Statistics
The variability of rubella antibody titres in the

standardization of the neutralization procedure was

determined by Student's t-test. The significance of
the difference in the number of persons with or

without rubella antibodies in different areas was

determined by the X2 test. (To facilitate presentation
of statistical data all probabilities given are obtained
from X2 tests of the different groups compared with
Ottawa and Houston. The use of the results from
these two areas for comparison gave the same num-

ber of significant differences as did comparison with
results from the majority of areas and was therefore
taken as representative.)

RESULTS

Variability of the test

The initial part of the study was the evaluation
of the variability of rubella antibody titres obtained
upon repeat determinations of the same sera. In
Table 2 is an example of the titres obtained when
WHO rubella convalescent serum, WHO gamma-
globulin No. 86, and hyperimmune baboon anti-
serum were tested repeatedly in the Ottawa labora-
tory. With few exceptions, the values were within
2-fold of the mean titres and the standard deviation
of the logarithm of the titrations was between 0.24
and 0.36.

To evaluate the variation obtained between differ-
ent participating laboratories the same sera were

titrated on one or more occasions by each investi-
gator. The results of these titrations are shown in
Table 3. Although different assay systems were used
in some laboratories, as indicated in Table 1, it can
be seen that the values obtained were again generally
within a 2-fold range of the mean values. Human
coded sera were supplied to 6 laboratories. The
standard deviation of values obtained for these were

essentially the same as for the reference sera. Analysis
of the differences of values obtained between the dif-
ferent laboratories and those obtained within the
same laboratory was carried out by Student's t-test.
As can be seen in Table 4, there were no significant
differences in the variability of the titres obtained
between different laboratories when compared with
titres obtained by repeatedly testing the same sera

in one laboratory.
The sensitivity of the neutralization procedure in

relation to other procedures was evaluated by titrat-
ing several reference sera by neutralization, haemag-
glutination-inhibition, and complement-fixation
methods. The results obtained in two independent
laboratories are shown in Table 5. The results for
the few sera tested suggest that the haemagglutina-
tion-inhibition test and the neutralization test as car-

ried out in Atlanta and in Houston were compar-
able in sensitivity. A number of sera were tested
for the presence or absence of rubella antibodies by
the three procedures. The results of the neutraliza-
tion test of sera diluted 1: 8 and the haemaggluti-
nation-inhibition test of sera diluted 1: 10 are

presented in Table 6. There was complete agreement
as to the presence or absence of antibody (as defined
in " Materials and Methods ") by the two tests in
92% and 90% of the sera tested in the Atlanta and

TABLE 2
VARIABILITY OF RUBELLA ANTIBODY TITRES a OBTAINED IN ONE LABORATORY (OTTAWA)

Test number Geo- Log titres
Sera metricSera 2 3 4 5 6 7 | 8 9 10 11 | mean Mean Standard 95 % limit
________ 1 2~~~~~~~3 4~~5 6 17 8 191I0 I11 titre Mendeviation95lmt

WHO conva-
lescent serum 54 27 13 32 16 8 19 16 19 11 32 18 1.25 0.24 0.75-1.83

WHO gamma-
globulin No. 86 512 214 152 256 180 45 NT NT NT NT NT 182 2.26 0.35 1.36-3.16

Hyperimmune
baboon serum 512 256 180 180 360 64 860 725 512 128 NT 288 2.46 0.36 1.65-3.27

Titres expressed as reciprocals of serum dilutions.
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Houston laboratories, respectively. Some 2% of the
sera were positive by the neutralization test but
negative by haemagglutination-inhibition in the
Atlanta laboratory, while 7% of the sera tested in
the Houston laboratory demonstrated similar reac-
tions. The presence of antibody was detected by
the haemagglutination-inhibition test but not by
the neutralization test in 6% and 3% of the sera
tested in the Atlanta and Houston laboratories,
respectively.

Sufficient material was available for reanalysis of
11 of the 16 sera of the Houston study in which
different results were obtained by the two procedures.
The results of the titrations of these sera are shown
in Table 7 along with parallel titrations of randomly
selected sera collected from the Houston area. On
titration, all results agreed except those on 2 sera
which were positive by the haemagglutination-
inhibition test but negative by the plaque-reduction
method. The results of these comparative studies
suggest that the tube neutralization procedure used
detected at least 90% of those sera containing anti-
body-an observation which is in agreement with
the findings of a study in which the sensitivity of
the tube neutralization test was compared with a
neutralization test utilizing the reduction of haemad-
sorption-negative plaques (Rawls et al., 1967). The
complement-fixation test was negative in 6% and
14% of the sera tested by the two laboratories
which were positive by the other two methods. These
sera were obtained from the older age-groups.

Sero-epidemiological studies

The pattern of antibody development was found
to be quite similar in most areas of the world
sampled. This is shown in Table 8 in which three
European cities and a region in Central Europe are
represented. Approximately one-half of the indi-
viduals tested had antibody by the age of 6-8 years.
The percentage of persons found to have rubella
antibodies increased up to the age of 17-22 years,
when 80%-88% of the sera tested were positive;
the percentage remained relatively constant thereafter.

Results on sera collected in Australia are shown
in Table 9 and are quite similar to those from the
European cities. Although the numbers of sera tested
from Singapore were small, there was no significant
difference in the proportion of sera with antibody as
compared with the results from European cities.
Of special interest was the finding of many rubella-
negative individuals in Japan (Table 9). The older
age-groups of Sapporo, Japan, had significantly
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TABLE 4. ANALYSIS OF VARIABILITY OF ANTIBODY TITRES a OBTAINED BY ALL
PARTICIPATING LABORATORIES AS COMPARED WITH THOSE OF THE

OTTAWA LABORATORY

Statistical
Sera Mean Mean SD SD significance bS (all labs) (Ottawa) (all labs) (Ottawa)

tv alu value

WHO human
convalescent serum 1.20 1.25 0.34 0.24 0.7282 0.49

WHO gamma-
globulin No. 86 2.12 2.26 0.20 0.35 0.8396 0.46

Hyperimmune
baboon serum 2.45 2.46 0.19 0.36 0.1161 0.85

a Titres expressed as log of serum dilution.
b There Is no significant difference between the results obtained within one laboratory and

those obtained in all participating laboratories.

TABLE 5. COMPARISON OF NEUTRALIZATION, COMPLEMENT-FIXATION AND
HAEMAGGLUTINATION-INHIBITION OF RUBELLA REFERENCE SERA

Atlanta a Houston a
Sera | Neut.b CF Hi NeutC CF Hi

WHO rubella serum (human convalescent) 8 16 10 16 8 32

WHO human gammaglobulin No. 86 (1: 4) 256 AC 320 128 AC 320

H-000 (Houston reference sera) NT 8 40 32 16 20

E.M. (Houston reference sera) NT <8 <5 <8 <8 <10

Baboon anti-rubella 2713,18-8-65 NT NS 20 64 NS 20

Baboon anti-rubella 2765, 30-9-66 NT 16 10 128 8 20

Baboon anti-rubella 2720, 7-12-65 NT 16 160 32 NS 160

a NT = not tested. NS = a high titre against control antigen. AC = anticomplementary.
b Antibody titration by tube neutralization test.
c Antibody titration by plaque reduction test.

TABLE 6. COMPARISON OF NEUTRALIZATION TEST AND HAEMAGGLUTINATION-INHIBITION TEST RESULTS

I _ _ _ ~~~~~~~Age-group (years) c
Ttlc Pretg

test a testN1 6-8 10-12 17-22 23-29 30-35 of total c

A! H A H A H A H A H A H A H

+ + 17 3 26 5 36 51 36 27 25 27 140 113
92 90

_ v 5 4 4 4 4 14 4 5 2 7 19 34

+ - 0 0 0 0 0 6 1 2 2 3 3 11 2 7
- + 1 0 1 0 4 3 1 2 3 0 10 5 6 3

a At serum dilution of 1 : 8.
b At serum dilution of 1 :10.
c A = Atlanta laboratory. H = Houston laboratory.
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TABLE 7
COMPARISON OF NEUTRALIZATION AND

HAEMAGGLUTINATION-INHIBITION ANTIBODY
TITRES OF SELECTED HUMAN SERA

TNeutraliza- Haemagglutination-Sera tion titre a inhibition titre b

Survey sera c

Jamaica 003 c <10 <10

Jamaica 015 <10 320

Singapore 002 <10 40

Singapore 022 <10 <10

Singapore 024 <10 <10

Singapore 025 <10 <10

Singapore 004 10 20

Singapore 017 10 40

Buenos Aires 025 10 10

Houston 010 10 20

Houston 102 40 10

Random Houston sera d

BA <8 <10

CS <8 <10

JD 16 20

PJa 32 20

GD 32 40

PJo 32 40

SH 32 40

MW 32 40

AJ 32 40

NH 32 80

a Titres expressed as reciprocal of serum dilution producing
a 70 % reduction of rubella plaques.

b Titres expressed as reciprocal of serum dilution com-
pletely preventing haemagglutination.

c The first 11 sera were selected from the serological survey
on the basis of a disagreement of the two techniques regarding
the presence of antibody.

d The last 10 sera were randomly selected from patients in
the Houston area.

fewer sera with antibody than the same age-groups
of European cities, and the rural area of Ohtsu had
a significantly larger susceptible population among
the females of all age-groups. In this rural popula-
tion a maximum of 38% of the individuals tested
was found to have antibody (Table 9).
The results obtained from the New World coun-

tries (Table 10) indicated for the USA and Canada

a pattern of antibody acquisition similar to that in
the European countries. The number of individuals
with antibody in the same age-groups in Buenos
Aires was similar to that in the North American
areas sampled. However, in Jamaica and Trinidad
the number of persons past the age of 12 years
with antibody was significantly lower, indicating a
large population of susceptibles. The sampling of
the 6-8 and 10-12-year age-groups from the Carib-
bean and South American areas was not adequate
to represent the pattern of antibody acquisition.

DISCUSSION

The procedure used for measuring neutralizing
antibody was the one with which most experience
had been gained when the study was initiated. This
test depends upon the neutralization of rubella-
virus-induced interference-the interference being
measured by a subsequent challenge with a cyto-
pathic enterovirus. Previous reports have indicated
that the antibody titres obtained using this pro-
cedure are dependent upon a number of factors
which include the rubella virus dose, the day of
addition of challenge virus and the presence of
fresh normal rabbit serum (Parkman et al., 1964).
By standardizing as many variables as possible it
was hoped that data obtained by different labora-
tories in the collaborative study would be meaningful.
Although the designated procedure was not used by
all laboratories, the results of titrations of reference
sera indicate that the variability of antibody deter-
minations between different laboratories was not
significant (Table 4). This uniformity of the results
on reference sera may have been due in some meas-
ure to the fact that aliquots from single harvest
lots of rubella and of echovirus were supplied to
the participating laboratories. However, the use of
other rubella virus strains or other passages of the
standard strain did not seem to produce significant
variability.
From the results of earlier reports it was anti-

cipated that about 10% of the sera that would be
positive by a more sensitive method might yield
negative results in the tube neutralization test used
in this study. Brody et al., in evaluating an epidemic
of rubella in an island population, found that 10%
of the convalescent sera from patients with typical
clinical rubella were negative for rubella virus anti-
bodies. The assay method used differed from the
one reported here in that a 1: 4 dilution of serum
was tested, the infected GMK cells were incubated
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AGE DISTRIBUTION OF RUBELLA

TABLE 8

ANTIBODIES IN EUROPEAN POPULATIONS

South Moravia Copenhagen, London, England Lyons, FranceRegion,DemrLodnEnlnLyn,FacCzechoslovakia Demr
e-g ro

(years) No. pos./ % No. pos./ % No. pos./ % HI a No. pos./ %

No. tested pos. No. tested pos. No. tested pos. No. pos.I % No. tested pos.

6-8 9/17 53 NT b 2/8 21/49 43 20/39 51

10-12 15/18 83 NT b NT b 40/54 74 21/34 62

17-22 50/61 82 32/40 80 21/24 88 60/78 77 34/42 81

23-29 38/46 83 34/40 85 21/30 67 49/63 78 40/46 87

30-35 11/15 73 34/38 89 12/14 86 39/50 78 30/40 75

Population
(estimated) 1 931 620 1 269 336 3195114 980 400

a Rubella antibody determined by haemagglutination-inhibition.
b NT = no sera were tested in this age-group.

8 days before being challenged, and the challenge In most areas sampled about half the females have
virus was coxsackievirus A9 instead of echovirus 11 had rubella by the time they reach the age of 6-8 years.
(Brody et al., 1965). Comparing the tube neutraliza- The number possessing antibody increases over the
tion method with the plaque-reduction method, following years and the percentage of females with
Rawls et al. (1967) found that, of the sera which antibody after 22 years of age remains fairly con-
were positive for antibody by the plaque method, stant. These findings are in agreement with the
11% gave negative results when tested by the tube results reported by Givan et al. (1965) for Ontario,
neutralization method. The number of sera found Canada, and Sever, Schiff et al. (1965) for sera
to contain antibody by the haemagglutination- obtained in 1957 from persons in Montgomery
inhibition test in this study was in agreement with County, Maryland, USA. This same pattern of anti-
the results of the tube neutralization test. Thus, body acquisition has also been found by Dr G. M.
the test employed appears to detect at least 90% of Fara in Milan, Italy (unpublished observations) and
the sera containing antibody. by Lundstrom et al. (1967) for Eskilstuna, Sweden.

TABLE 9

AGE DISTRIBUTION OF RUBELLA ANTIBODIES IN AUSTRALIA AND FAR EASTERN POPULATIONS

Melbourne, Australia Sapporo, Japan Ohtsu, Japan Singapore

(years) No. pos./ % No. pos./ % No. pos./ % No. pos./ %
No. tested pos. No. tested pos. No. tested pos. No. tested pos.

6-8 24/40 60 15/29 52 2/23a 9 1/3

10-12 27/40 68 12/29 41 4/25 b 16 315

17-22 33/43 77 28/36 78 11/35 a 31 16/21 76

23-29 32/43 74 23/53 b 43 12/35 a 34 9/12 75

30-35 34/41 83 16/41 a 39 14/37 a 38 9/9 100

Population
(estimated) 1 930 000 817 150 121 041 1 913 500

a p = <0.01.
b P= -o0.05.
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TABLE 10
AGE DISTRIBUTION OF RUBELLA ANTIBODIES IN NORTH AND SOUTH AMERICAN POPULATIONS

Ottawa, Atlanta, Houston, Buenos Aires, Kingston, Port of Spain,
Age-group Canada USA USA Argentina Jamaica Trinidad

(years) No. pos./ % No. pos./ % No. pos./ % No. pos./ % No. pos./ % No. pos./ %
No. testedl pos. No. testedl pos. No. testedj pos. No. testedl pos. No. testedi pos. No. testedl pos.

6-8 19/39 49 17/23 74 15122 68 4/5 NT a NT a

10-12 23/37 62 26/31 84 10/16 63 NT a NT a NT a

17-22 32/37 86 36/44 82 49/59 83 15/18 83 16/31 b 52 33/70 b 47

23-29 38/43 88 38/43 88 41/51 80 13/15 87 10/15 67 14/26 b 54

30-35 39/42 93 26/31 84 21/25 84 15/19 79 NT NT

Population [ 429750 1011 100 1 1251700 2966816 421 718 825700c

a NT = no sera were tested in this age-group.
b P= <0.05.
c Total population of Trinidad and Tobago.

The finding of a large number of women without
rubella antibodies in the rural areas of Japan and
in Trinidad and Jamaica is similar to that reported
by Sever, Fabiyi et al. (1965) for women living in
Hawaii. The conditions shared by all these areas
which might account for the apparent low incidence
of rubella infections are not apparent. The groups
do not represent a common ethnic or racial origin.
Sever, Fabiyi et al. (1965) also did not demonstrate
racial differences in the presence or absence of anti-
body in the Hawaiian population. These areas share
somewhat similar climatic conditions; however, the
climate of Singapore is also similar, yet the antibody
pattern differs.
There does appear to be some correlation be-

tween population density and the level of antibody
in the female populations tested. The maintenance
of rubella in an endemic form which would provide
immunity for the majority of persons may require
a minimum population, as demonstrated for measles
(Black, 1966). The island populations sampled were
of about half a million or less, suggesting that a
larger population may be necessary to maintain

endemicity of rubella than that needed for measles.
Continental mainland communities have greater
opportunity for reintroduction of the virus and
thus maintain an annual number of cases that would
contribute to the immune status of the population.
The opportunity for reintroduction of rubella into
island populations would seem to be less. If this
explanation were true, periodic epidemics similar to
that described by Brody et al. would be anticipated
in isolated populations. However, data of this
nature in these areas are lacking. Similarly, informa-
tion on the global distribution of congenital rubella
is too sparse to allow epidemiological factors involved
in its genesis to be determined. The incidence of
rubella in Japan is quite low in all areas including
large cities (Nagayama et al., 1966; and Dr R. Kono,
unpublished observations), indicating that the
epidemiological differences suggested by this study
may be due to factors other than population density.
It is anticipated that, with the availability of labora-
tory procedures for viral studies, future epidemics
will be characterized. This will be particularly
important as rubella vaccines are introduced.
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RIESUMt

Sous les auspices de l'OMS, neuf laboratoires dans
diverses parties du monde ont 6tudie la distribution des
anticorps contre la rub6ole chez les jeunes filles et les
femmes en age de concevoir. La premiere phase de cette
enquete avait pour but de determiner si les epreuves uti-
lisees etaient fideles et reproductibles. I1 s'est r6ve16 que
la variabilite des titres obtenus dans divers laboratoires,
et la variabilite des titres obtenus dans un seul laboratoire
employant les memes serums n'6taient pas sensiblement
differentes.
Dans une deuxieme phase, on a preleve des serums sur

des ecolieres et sur des femmes fr6quentant des poly-

cliniques ou des centres m6dicaux. L'echantillonnage de
la population n'a donc pas ete fait au hasard. Dans la
plupart des cas, I'apparition des anticorps se deroulait
suivant un schema identique. Entre 6 et 8 ans, environ la
moiti6 des sujets avait des anticorps. Vers 17 A 22 ans,
cette proportion atteignait 80 a 87 %. Ce dernier taux se
maintenait par la suite a un niveau plut6t constant. On a
cependant note une exception: la proportion des femmes
presentant des anticorps 6tait significativement moins
eleveee la Trinite, 'a la Jamaique et dans une zone rurale
du Japon, par rapport aux secteurs urbains d'Europe et
des Ameriques.
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