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Antibodies to Respiratory Syncytial Virus
in Human Sera from Different Regions of the World

JENNIFER E. DOGGETT 1

Since it was first isolated in 1956, respiratory syncytial (RS) virus has been found in
many parts of the world, generally in association with human respiratory illness, especially
of young children. Previous studies have examined the frequency of serological evidence
of infection in certain countries. The present study is a more general survey, dealing with
the prevalence of RS virus antibody in sera from 14 different countries widely separated
geographically. There was evidence of infection in all the populations studied, and the
presence of antibody could not be accounted for by a relationship between RS virus and
measles virus. It would therefore seem probable that RS virus is an agent of world-wide
importance.

Taylor-Robinson (1965) 2 carried out a survey of
the prevalence of antibodies against various res-
piratory viruses, other than respiratory syncytial
(RS) virus, in sera obtained from persons in different
parts of the world. As an adjunct to this work, the
prevalence of complement-fixing (CF) antibody
against RS virus has been determined. The CF test
was found by Parrott et al. (1961) and Hamparian
et al. (1961) to be a reliable diagnostic method for
RS virus infection, and although antigenic variation
in RS virus can be detected by neutralization tests
with animal sera the antigenic variants have been
found to share a common CF antigen (Coates,
Kendrick & Chanock, 1963; Wulff, Kidd &
Wenner, 1964).
RS virus has been found by other workers to be

associated with illness of the lower respiratory tract
in infants and children (Chanock et al., 1961;
McClelland et al., 1961). Studies in different parts
of the USA among non-institutional child popula-
tions (Hilleman, 1963) showed that RS virus had
an etiological association with 11 %-33 % of lower
respiratory tract illnesses, and, in addition, was
responsible for 7%-16% of mild upper respiratory
tract infections requiring medical attention. RS
virus has also been isolated from adults with mild
upper respiratory tract illnesses (Hamre et al., 1961;
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Johnson et al., 1962), and rises in CF antibody to
RS virus have been found in acute exacerbations of
chronic bronchitis (Sommerville, 1963). After
infancy, therefore, antibody levels are probably
maintained by milder respiratory tract infections.

Isolations of RS virus from young children have
been reported in many parts of the world-for
example, England (Peacock & Clarke, 1961), France
(Breton, Samaille & Gaudier, 1961), Australia
(Lewis et al., 1961) and Czechoslovakia (Bruckova
& Samankova, 1963). This wide geographical
distribution of the virus is reflected in the results
obtained in this survey, which demonstrates sero-
logical evidence of infection in all the populations
studied.

MATERIALS AND METHODS

Sera

All the sera collected by Taylor-Robinson (1965) '
were studied, except those from England, France
and the USA, which were not tested. Other sera
from England and sera from Canada were tested
in addition to the specimens obtained by Taylor-
Robinson. (Data on these additional sera are given
in Table 1.) All the sera were obtained from adults,
except those from Uganda and the islands of Mau-
ritius and Rodrigues and some from Italy, which
came from children. Most of the adults from whom
sera were obtained were between 20 and 36 years
of age. They were medical students, blood donors,

1613 - 849



J. E. DOGGETT

TABLE I
DATA ON SERA FROM ENGLAND AND CANADA a

Origin gDate of collection Ae of donors (years) Description Name and address of sender
Country City Age range Mean age of donors

Canada Toronto 1958-60 22-25 24 ronnaught Research Laborato-

England Liverpool March-Aug. 1961 17-30 24 Patients with non- Dr G. B. Bruce White, Public

England Liverpool May-Oct. 1962 17-35 24 f respiratory condi- Health Laboratory, Liverpool

a For data on the other sera tested in this study, see Table I in the article by Taylor-Robinson on page 833 of this issue.

farm workers, or patients attending hospital for
non-respiratory conditions. As the number of
specimens obtained from each country was small,
the groups of sera cannot be regarded as represent-
ative of the whole population; rather they give an
indication of whether infection with RS virus has
occurred within that population.

Paired sera from infants infected with RS virus
(Sandiford & Spencer, 1962), from children and
young adults infected with measles virus (sera sup-
plied by Dr T. Flewett, Miss G. Tilden-Smith and
Dr P. J. Wormald), and from children vaccinated
against measles (sera supplied by Dr A. Goffe) were
also tested.

Complement-fixing antigens

The virus used in the preparation of the CF anti-
gens was the S22 strain supplied by Dr M. S.
Pereira. In addition, the Gwilliam strain, supplied
by Dr D. Peacock (Peacock & Clarke, 1961), was
used in a few tests. The two strains were shown to
be antigenically similar in cross-neutralization tests
with post-infection ferret sera (Doggett & Taylor-
Robinson, to be published).
The antigens were prepared from HeLa cell

cultures in tubes or medical prescription bottles,
maintained with medium containing 2% rabbit
serum, 0.25% lactalbumin hydrolysate, and Hanks's
saline with 0.09% sodium bicarbonate, 100 IU of
penicillin and 100 ,g of streptomycin per ml.
The cultures were inoculated with virus and

incubated at 36°C. The cells and medium were
harvested when the cytopathic effect was complete.
After freezing and thawing twice in a CO2-alcohol
mixture, the fluid was centrifuged at 2000 rev/min
for 10 minutes to remove cell debris. The superna-
tant was stored at -70°C until used.

The highest dilution of antigen that gave optimal
fixation in a chessboard titration with a human-
adult positive serum was counted as 1 unit of
antigen. Two units of antigen were used in the
tests. Measles antigen (Edmonston strain) was
kindly supplied by Dr A. Goffe.

Complement-fixation tests
Tests were carried out in WHO haemagglutina-

tion plates, using volumes of 0.1 ml. Two minimal
haemolytic doses (MHD) of complement were used
and all sera were inactivated at 56°C for 30 minutes.
The tests were incubated overnight at 4°C before
the addition of 4% sensitized sheep erythrocytes.

RESULTS

Complement-fixing antibody titres of sera from
difJerent countries.
The S22 strain of RS virus was used in these

CF tests. The titres of CF antibody in the sera of
persons residing in different countries are shown
in Table 2.

Altogether, 184 sera from adults were tested and
63% of them contained antibody at a titre of 8 or
greater. It can be seen in Table 2 that the per-
centages of positive sera are very similar in all the
study populations. Among the adult sera tested,
the lowest proportions of positive sera were found
in those from Chile (47 %), Lebanon (50%) and
England (50 %), and the geometric mean antibody
titres were also low for these countries. 8% of sera
from children in Mauritius and 31 % of sera from
children in Rodrigues were positive. This is possibly
a reflection of the age of the serum donors in the
two islands. Older children from Uganda also
showed a fairly low rate of infection (29 %), whereas
86% of children from Italy had antibody.
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TABLE 2
RESULTS OF COMPLEMENT-FIXATION TESTS WITH RESPIRATORY SYNCYTIAL VIRUS a

Number Number of sera with titres of: Geometric Percentage Age range
Country of sera mean titres positive (years

tested <8 8-12 16-24 32-48 64-96 2128 mean titres positive (years)

Australia 16 4 8 4 10.0 75 21-68

Jamaica 15 3 6 5 1 11.4 80 18-63

India 15 3 4 6 2 13.0 80 20-36

Malaya 13 4 6 3 8.3 69 14-36

South Africa 15 4 3 3 1 2 2 18.6 73 20-28

England (1961) 19 8 7 3 1 7.9 58} 17-29

England (1962) 21 12 3 5 1 7.5 43 17-35

Chile 15 8 7 6.2 47 20-23

Czechoslovakia 15 5 7 2 1 10.1 67 19-23

Lebanon 14 7 5 2 6.2 50 16-25

Italy 13 (7) 2(1) 8 (5) 1 2 (1) 11.4 (10.8) 85 (86) 3-19

Uganda (14) (10) (3) (1) (5.6) (29) 8-12

Rodrigues (16) (11) (3) (2) (6.0) (31) 8 months-3 years

Mauritius (12) (11) (1) (4.3) (8) 15-18 months

Canada 20 9 7 4 7.7 55 22-25

Total 233 101 78 41 8 2 3 8.2 57 -

Total excluding
children: 184 68 66 38 7 2 3 63

a Figures in parentheses refer to sera from children only.

As the number of sera obtained from each country
was so small, it would be unwise to attach much
significance to differences in percentages of positive
sera and geometric mean titres. However, to
examine the possibility that storage might affect
the titre, sera from Liverpool, collected in 1961 and
1962, were studied separately. In these two groups
of sera the percentages of positive sera and the
geometric mean titres were very similar.

Possible serological relationship between RS virus
and measles virus

It has been suggested (Jensen, 1962) that CF anti-
body to RS virus can be stimulated by infection with
another myxovirus, measles, to which it is related
biologically. Measles is prevalent in young children
throughout the world, and if there were a cross-
reaction with RS virus this would influence the inter-
pretation of the results. Paired sera from infants
infected with RS virus, from children and young

adults infected with measles virus, and from children
vaccinated against measles virus were tested in CF
tests with measles virus antigen and RS virus
antigen (Gwilliam strain). The results are shown
in Table 3. Two instances of a rise in antibody to RS
virus occurred in children who also showed increases
in antibody to measles virus. One child, with a
fourfold rise in antibody to RS virus, had been
vaccinated against measles, while the other, showing
a threefold rise in antibody to RS virus, had clinical
measles. Both children had pre-existing antibody
to RS virus (titres of 16 and 32 respectively), and
the geometric mean titre of the pre-existing antibody
in the " measles " sera was 32. Neither of these
antibody increases could be confirmed by neutraliza-
tion tests. There were no rises in antibody to measles
virus in children infected with RS virus. It is, pos-
sible, however, that antibody responses to RS virus
occur when subjects are infected or vaccinated with
measles virus, but such responses would not account
for the high proportion of positive sera in this survey.
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TABLE 3
CROSS-REACTIONS IN COMPLEMENT-FIXATION TESTS
WITH MEASLES AND RESPIRATORY SYNCYTIAL VIRUS

ANTIGENS AND PAIRED SERA

Sera from
subjects infected or
vaccinated with:

Measles virus (14 subjects)

RS virus (6 subjects)

-~~~~~~~ ~Nme ofrieNumber of rises
in CF tests with:

Measles virus RS virus

a A fourfold and a threefold rise, which were both repro-
ducible.

DISCUSSION

CF antibodies to RS virus appear early in life.
Maternal antibody has been detected in infants
under 4 months of age (McClelland et al., 1961;
Hambling, 1964; Moss, Adams & Tobin, 1963).
After the loss of this antibody, titres rise in the next
few months of life, but between 6 months and 2 years
the percentage of positive sera is still relatively low.
In Pennsylvania, USA, McClelland and co-workers
(1961) found that 6% of children aged 6-11 months
and 16% of those one year old had antibody; in
Manchester, England, 38 %-41 % of children between
the ages of 7 months and 2 years had antibody
(Moss et al., 1963); and in London, England, 8%
of children aged 6-12 months and 38% of children
aged 1-2 years had antibody at a titre of > 4 (Hamb-

bling, 1964). These workers found that 56 %-93%
of children at the age of 4 years had antibodies.
Antibody persists into adult life, maintained by
mild respiratory infections and possible infections
with other myxoviruses, such as measles virus.
Hambling (1964) found that 84% of sera collected
from persons between 15 and 29 years of age had
antibody at a titre of >4, and in the Manchester
study (Moss et al., 1963) 83% of persons over
15 years had CF antibody. Pereira, Bruno-Lobo
& Pereira (1961) found that 59.3% of sera from
persons of all ages collected in Rio de Janeiro,
Brazil, contained CF antibody to RS virus. These
figures are in agreement with those of the present
study, in which sera from 63 % of all adults tested
had antibody.
The low percentages of positive sera from Ro-

drigues and Mauritius can be accounted for by the
youth of the donors, since these children were at an
age when the antibody titres seem to be lowest.
It has been reported that more antigen is needed in
CF tests to detect antibody in infants than in older
children and adults (Parrott et al.. 1961; Ross et
al., 1964); therefore the two units of antigen used
in this study may have been insufficient to detect
all antibody in the younger age-groups. Moreover,
RS virus infections occur in sharply defined out-
breaks, particularly in the winter and spring (Cha-
nock et al.. 1962,) so that some of the younger
children may not have experienced months in which
RS virus was prevalent.
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RItSUMt

Depuis 1956, le virus syncytial des voies respiratoires
a ete isol6 A de nombreuses reprises et en beaucoup
d'endroits au cours de certaines manifestations patholo-
giques des voies respiratoires de. l'homme et surtout des
jeunes enfants.
Deux cent trente-trois s6rums en provenance de 14 pays

ont 6t6 soumis A l'epreuve de fixation du compl6ment
pour la recherche des anticorps A l'egard de la souche S 22
de ce virus.

L'infection par le virus syncytial a pu etre d6montree
dans toutes les populations etudiees. Sur 184 adultes,
63% presentaient des titres seriques de 8 ou davantage.
Les anticorps specifiques etaient egalement presents chez
de jeunes enfants des iles Maurice et Rodrigues dans la
proportion de 8% et 31 % respectivement. Chez des
enfants plus ag6s d'Ouganda et d'Italie, ces memes
anticorps furent deceles chez respectivement 29% et 86%
des sujets examines.
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Si I'on ne peut 6carter l'hypothFse d'une production
d'anticorps pour le virus syncytial a la suite d'une
atteinte de rougeole ou d'une vaccination antimorbil-
leuse, il est cependant certain que cette possibilite

n'explique pas le nombre consid6rable de s6rums positifs
d6couverts au cours de lenquete et il faut admettre que
l'infection par le virus syncytial des voies respiratoires
est tres largement r6pandue.
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