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Respiratory Virus Antibodies in Sera of Persons
Living in Isolated Communities*

PAMELA K. BROWN & D. TAYLOR-ROBINSON

It is known that young adults living in urban areas ofmany different parts of the world
have serum antibodies against a number of viruses commonly associated with respiratory
disease. It seemed possible that people living in isolated regions of the world, having
infrequent contact with others, might havefewer virus infections, and, ifso, that this would be
reflected in an infrequent occurrence or low level ofantibodies in their sera. Therefore sera
were obtained from children and adults living in remote village-type communities in the
Pacific (Micronesian islanders), North America (Eskimos) andSouth Africa (Hottentots).
Antibodies against influenza viruses A2 and B, parainfluenza virus types 1, 2 and 3, reovirus
types 1, 2 and 3, and two M rhinoviruses were present usually in a high proportion ofsera
in the three population groups; the results differed little from those for non-isolated com-
munities. It seems that an extreme degree of isolation is required to reduce contact with
viruses so that a population has little or no antibody.

Antibodies against certain viruses commonly
associated with respiratory disease have been found
in sera collected from adults living in or near cities in
all quarters of the world (Taylor-Robinson, 1965;
Doggett, 1965) and in regions far distant from North
America and Western Europe, where the viruses
were first isolated. These serum antibodies were
measured in haemagglutination-inhibition and neu-
tralization tests and, in the case of respiratory syn-
cytial virus, in complement-fixation tests. It was
considered that the presence of such antibodies
indicated previous infection with the virus used in
the test or one closely related antigenically. We
thought that people living in remote areas of the
world, who have infrequent contact with other
human beings, might have fewer virus infections
than those persons inhabiting densely populated and
urban communities. If this was so, it seemed likely
that the infrequency of infection would be reflected
in the infrequency of occurrence of antibodies or low
levels of antibodies in the sera of persons in isolated
communities. We therefore obtained sera from
children and adults living in remote village-type com-
munities in the Pacific, North America and South
Africa and tested them for the presence of antibodies

* From the Medical Research Council Common Cold
Research Unit and WHO International Reference Centre for
Respiratory Virus Diseases, Harvard Hospital, Salisbury,
Wilts., England.

which people living in urban areas of other parts of
the world would certainly have acquired by the same
age (Taylor-Robinson, 1965).

MATERIALS AND METHODS
Sera

Sera were obtained from the following three
groups of individuals.

1. 66 Pingelap Micronesian Islanders (Pacific)
aged 61/2 to 107 years: 27 males and 39 females. The
collection was made in March 1961.1

2. 56 Eskimos aged 7 to 73 years: 44 males and
12 females. Some of these persons came from the
Alaska National Park and others from Wainwright,
Alaska. The collection was made in July 1958.1

3. 45 Hottentots aged 16 to 90 years: 17 males
and 28 females. They came from the Warmbad
Reserve in South West Africa and the collection was
made in 1961.2

All the sera were diluted 1/5, either in phosphate-
buffered saline (PBS) or, for use in tests with

1 The Micronesian and Eskimo sera were made available
to us by Dr B. Blumberg, Section of Geographic and Medical
Genetics, National Institute of Arthritis and Metabolic
Diseases, National Institutes of Health, Bethesda, Md.,
USA.

' These sera were made available to us by Dr J. S. Weiner,
Anthropology Laboratory, Department of Human Anatomy,
Oxford University, England.
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myxoviruses, in cholera filtrate (Philips Duphar).
The latter mixtures were then incubated at 37°C for
18 hours. All diluted sera were inactivated at 56°C
for 30 minutes and were stored at -20°C between
tests.

Virus antigens

An incubation temperature of 33'C was used for
the production of all virus antigens. Haemagglu-
tinins for influenza virus A2, strain A/Pakistan/1/57,
influenza virus B, strain B/Eng/939/59, and para-
influenza virus type 1, strain C39, were prepared in
the allantoic cavity of 10-day-old chick embryos.
Haemagglutinin of parainfluenza virus type 2, strain
Manganero, was prepared in rolled cultures of either
HeLa cells or rhesus monkey kidney cells; however,
some tests were performed with egg-adapted virus
supplied by Dr J. L. DeMeio (National Drug Com-
pany, Philadelphia, Pa., USA). Haemagglutinin of
parainfluenza virus type 3, strain 33, was prepared
in primary cultures of calf kidney cells, which were
rolled. Haemagglutinins for reovirus types 1, 2 and 3
were prepared in rolled secondary cultures of rhesus
monkey kidney cells. Rhinoviruses, Sal/1/57M
(HGP) and Sal/l/60M (B632), were propagated in
rolled secondary cultures of rhesus monkey kidney
cells.

Haemagglutination-inhibition (HI) tests

Tests were performed by the micromethod of
Takatsy (1955) as modified by Sever (1962), using
0.025-ml volumes and 4 agglutinating doses of virus.
Virus and serum dilutions were made in PBS and
were incubated at room temperature (range 18°C-
23°C) for 30 minutes before the addition of red cells.
Chicken red cells (0.5 %) stored in dextrose-gelatin-
barbital solution (Clarke & Casals, 1958) were used
with the parainfluenza viruses, and the results
were recorded after 30 minutes' incubation at room
temperature. Human group 0 cells (1.0%) were used
with the other viruses and the results recorded after
75 minutes.

Neutralization tests

The microplaque reduction technique (Taylor-
Robinson & Tyrrell, 1962) was used as described
previously (Taylor-Robinson, 1965).

Blood group determination
Blood groups were determined by agglutination

tests in WHO plastic trays, using human red cells
of groups A and B and serum diluted 1/5 in PBS.

RESULTS

Specificity of antibody
There was evidence already that HI antibody titres

correlated with neutralizing antibody titres for
influenza (D. A. J. Tyrrell-personal communica-
tion, 1965) and parainfluenza viruses (Taylor-
Robinson, 1965). In addition, it was found that all
five sera with reciprocal HI antibody titres of 10
to 80 against reovirus type 1 neutralized 100 TCD5O
of virus when they were diluted 1/10, as also did one
of two sera without HI antibody; it was concluded
that the HI test was not measuring a non-neutrali-
zing inhibitor. Furthermore, for a single serum
specimen the HI antibody titre against reovirus
type 1 was often quite different from the titre against
reovirus type 2 and it was therefore concluded that
the HI test was probably measuring specific antibody.

Frequency of antibodies

Antibodies were found against all the viruses
tested, usually in the majority of sera from each of
the three population groups. The results are pre-
sented in Tables 1, 2 and 3.

Antibodies to influenza viruses (Table 1). The
frequency of antibodies to influenza virus A2 was
lower than recorded previously for other population
groups (Taylor-Robinson, 1965). Only 23% of the
Micronesian sera contained antibody at a reciprocal
titre of 10 or greater. However, the proportion of
Micronesian sera with antibody to influenza virus B
was higher (89%) than the proportion of positive
sera found in the other two groups; these results were
comparable with those found for other population
groups.

Antibodies to parainfluenza viruses (Table 1). The
proportion of sera which contained antibody to
parainfluenza virus 3 was high (80 %-94 %O). However,
this frequency and also the geometric mean (GM)
antibody values were not quite as high as reported
previously for populations elsewhere. On the other
hand, almost all the sera contained antibodies to
parainfluenza virus types 2 and 3.

Antibodies to reoviruses (Table 2). There was a
high frequency of antibodies to all three reovirus
serotypes, although the proportions of sera con-
taining antibody to reovirus type 2 and the GM
values obtained were somewhat lower than for sera
of other population groups studied (Taylor-Robin-
son, 1965); the results with reovirus type 2 were about
the same for the three groups of sera studied in the
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TABLE I

TITRE AND FREQUENCY OF HAEMAGGLUTINATION-INHIBITING (HI) ANTIBODIES
AGAINST CERTAIN MYXOVIRUSES

Number of sera with titres of: Percentage Geometric

<1Sera_ -__ _
wi-atibd mean valueVirus ] Sera | < 10 10 20 140 180 1160 antibody

Influenza A2 Hottentots 25 8 4 7 0 1 42 8.8

Eskimos 34 12 8 2 0 0 41 8.1

Micronesians 51 3 3 6 2 1 23 7.6

Influenza B Hottentots 16 26 0 3 0 0 65 8.6

Eskimos 22 23 10 1 0 0 61 8.8

Micronesians 7 12 32 13 2 0 89 18.2

Parainfluenza 1 Hottentots 9 16 16 4 0 0 80 12.6

Eskimos 7 17 15 16 1 0 88 17.0

Micronesians 4 17 25 15 5 0 94 20.0

Parainfluenza 2 a Hottentots 1 3 28 12 1 0 98 23

Eskimos 0 17 32 6 1 0 100 17.9

Parainfluenza 3 Hottentots 0 1 16 25 3 0 100 31.8

Eskimos 2 0 4 12 29 9 96 63.2

Micronesians 1 2 8 17 34 4 99 53.1

a Micronesians not tested.

TABLE 2
TITRE AND FREQUENCY OF Hi ANTIBODIES AGAINST REOVIRUSES

Number of sera with titres of: Percentage Geometric
Virus Sera with mean

__ <10 _10 _20 |_ 40 _80 antibody value

Reovirus I Hottentots 8 17 7 6 7 82 16.4
Eskimos 35 16 5 0 0 38 6.9

Micronesians 16 14 8 19 9 76 18.2

Reovirus 2 Hottentots 26 18 1 0 0 48 7.1

Eskimos 29 22 5 0 0 48 7.4

Micronesians 34 16 11 5 0 47 8.7

Reovirus 3 Hottentots 1 9 16 15 4 98 24.1
Eskimos 31 23 2 0 0 45 7.0
Micronesians a 14 52 - - - 79 -

a These sera tested only at a 1/10 dilution.
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TABLE 3
TITRE AND FREQUENCY OF NEUTRALIZING
ANTIBODIES AGAINST M RHINOVIRUSES

Number of sera Pretg
Virus | Sera with activity (K) of: with

l______________ < 0.2310.23-1.41 > 1.4 antibody

HGP Hoffentots 18 20 7 60

Eskimos 22 20 11 58

Micronesians 40 20 6 39

B632 Hottentots 4 11 30 91

Eskimos 8 19 27 85

Micronesians 33 21 11 49

present survey. On the other hand, in tests with
reovirus types 1 and 3, the proportion of Eskimo sera
that contained antibody was lower than the propor-

TABLE 4

GEOMETRIC MEAN VALUES OF ANTIBODY
AGAINST INFLUENZA AND PARAINFLUENZA

VIRUSES FOR SERA FROM PERSONS
WITH A OR 0 BLOOD GROUPS

Sera

Hottentots

Eskimos

Micronesians

Hottentots

Eskimos

Micronesians

Hottentots

Eskimos

Micronesians

Hottentots

Eskimos

Micronesians

Geometric mean
antibody value for:

Blood Blood
group A group 0

_!7

9.3 9.5

8.6 7.7

9.4 7.1

8.3 9.5

8.7 10.0

15.9 18.2

11.7 F 13.0

20.0 13.0

20.0 17.8

19.2 26.1

20.0 14.8

7.2 5.5

34.3 29.0

68.8 70.3

55.6 51.6

tion of Hottentot and Micronesian sera that did so;
this was reflected also in the GM antibody values.

Antibodies to rhinoviruses (Table 3). The propor-
tion of sera which contained neutralizing antibodies
to rhinoviruses HGP and B632 was similar to
that reported previously for other non-isolated com-
munities (Taylor-Robinson, 1965).

Relationship between blood groups and antibody titres

McDonald & Zuckerman (1962) studied patients
in Royal Air Force hospitals and showed that among
those with laboratory-proven influenza A2 infection
there was a deficiency of patients with blood group A
and an excess of those with blood group 0. Further-
more, it has been shown with reoviruses that human
cells of blood groups A and AB agglutinate to
relatively higher titres than cells of blood group 0
(Brubaker, West & Ellis, 1964).
As there were substantial numbers of sera with

and without antibodies against influenza viruses and
reoviruses, the frequency of antibodies and the GM
antibody values were calculated for those sera
obtained from donors having blood groups A and 0.
There was no difference in the frequency or in the
GM values of antibodies (Tables 4 and 5) in persons
who possessed these two blood groups.

TABLE 5
GEOMETRIC MEAN VALUES OF ANTIBODY

AGAINST REOVIRUSES FOR SERA FROM PERSONS
WITH A OR 0 BLOOD GROUPS

Virus

Reovirus 1

Reovirus 2

Reovirus 3

Sera

Hottentots

Eskimos

Micronesians

Hottentots

Eskimos

Micronesians

Hottentots

Eskimos

Micronesians

Geometric mean
antibody value for:

Blood Blood
. group A group 0

20.0 11.1

7.0 5.5

22.8

8.6

7.9

9.7

27.2

7.0

14.8

6.9

6.5

7.9

21.1

6.8

a Not calculable.

Virus

Influenza A2

Influenza B

Parainfluenza 1

Parainfluenza 2

Parainfluenza 3 Hoftentots

Eskimos

Micronesians
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DISCUSSION

It is possible that infrequent infection of Microne-
sian islanders with influenza virus A2 after the pan-
demic of 1957 could account for only 23% of their
sera containing detectable antibody. Thislow frequen-
cy is in contrast to the results obtained by Taylor-
Robinson (1965), who found antibody to a titre of 8
or greater in 86% of 161 sera from adults in various
other regions of the world. In addition, the incidence
of antibody to reovirus type 2 in the three population
groups was lower than previously observed. Apart
from these two exceptions, the over-all results of the
present study are very similar to those obtained
previously for non-isolated communities. The use
of the TakUtsy microtechnique for HI tests in the
present study may account for some of the slightly
lower antibody titres observed in comparison with
those seen in the previous study (Taylor-Robinson,
1965), in which the microtechnique was not usually
employed; twofold lower titres were observed in
tests performed in microtitre plates than in tests
performed in WHO haemagglutination plates.

It seems clear that the parainfluenza viruses are
world-wide in distribution, involving remote regions,
and that they infect almost everyone by the time
adult life is reached. In this they resemble the other
myxoviruses, influenza A and B, each new serotype
of which spreads throughout the world within a few
years of its first appearance. Once a virus has
reached an isolated but closely-knit community, one
might expect it to spread as efficiently as in an urban
non-isolated area. This seems likely in the com-
munities we have studied since all the children's sera

in our collections had antibody, whereas in London,
for example, antibodies against parainfluenza virus
type 1 were shown not to have reached their maxi-
mum frequency until 11 years of age (Stark, Heath
& Peto, 1964).
When these studies were initiated we noted the

possibility that reovirus infection might be asso-
ciated with respiratory disease in small children,
perhaps in association with a rash (Lerner et al.,
1962). However, proof that reoviruses cause disease
in man is still lacking, although there is ample
evidence that infection, as judged by the occurrence
of antibody, is widespread. It seems that these
viruses spread silently and probably by the faecal-
oral route; and, just as antibody studies using polio-
virus have shown that this virus spreads successfully
in remote communities (Reinhard & Gerloff, 1960),
so our studies suggest that reoviruses do too, per-
haps most successfully in Hottentots and Microne-
sians. Apparently, the rhinoviruses we have studied
also spread to these remote areas. However, these
are only two of a large number of distinct rhinovirus
serotypes; about 60 are known at the present time
(P. J. Chapple-personal communication, 1966).
It would be of interest to know whether some of the
other rhinoviruses, and also other viruses which are
less common in populous countries, are found in
remote areas. It certainly seems that an extreme
degree of isolation is required to reduce contact with
viruses to the point where a population has little or
no antibody, although this was observed with the
influenza and parainfluenza viruses in the case of
the islanders of Tristan da Cunha (D. A. J. Tyrrell-
personal communication, 1965).
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RPSUMIt

On sait que les jeunes adultes vivant dans des zones
urbaines de differentes parties du monde possedent des
anticorps seriques contre certains virus generalement
associes a une maladie des voies respiratoires. Ces anti-
corps ont et titres par la reaction d'inhibition de l'h6mag-
glutination et la reaction de neutralisation et, dans le
cas du virus syncytial des voies respiratoires, par la
r6action de fixation du complement. La presence de ces

anticorps a et6 interpretee comme etant le t6moin d'une
infection anterieure par les virus utilises dans la r6action
ou par un virus antigeniquement proche. s

Pour verifier si les infections virales etaient plus rares
chez les habitants des regions isolees, sans contacts
frequents avec d'autres populations, que chez les habi-
tants des collectivites urbaines denses, les auteurs ont
recherch6 chez des enfants et des adultes vivant dans
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ces conditions les anticorps qu'auraient certainement
acquis des gens du me8me age vivant dans des zones
urbaines d'autres parties du monde. Les serums exa-
mines avaient ete recueillis dans trois types de popu-
lation: 66 Micronesiens (Pacifique), ages de 6 ans 1/2
A 107 ans, 56 Esquimaux (Amerique du Nord), ages de
7 A 73 ans, et 45 Hottentots (Afrique du Sud), Ages de
16 A 90 ans.

Seules les frequences des anticorps contre le virus
grippal A2 et contre le reovirus de type 2 ont ete infe-
rieures a celles fournies par des observations ant6rieures
sur d'autres populations. Des anticorps contre le virus
grippal B, les virus paragrippaux des types 1, 2 et 3 et
deux rhinovirus M ont WtA trouves dans une forte pro-
portion des serums des trois groupes, les resultats diff&-
rant peu de ceux fournis par des collectivites non isolees.
I1 semble que les virus paragrippaux existent dans les
regions isolees et que, comme les autres myxovirus, ils se

repandent en peu d'ann6es dans le monde entier et
infectent chaque individu avant I'age adulte.
Au debut des recherches qui ont et6 entreprises sous

les auspices de l'OMS, les auteurs avaient not6 que
l'infection A r6ovirus pouvait etre associ6e a une maladie
des voies respiratoires des jeunes enfants, accompagnee
peut-etre d'une eruption. S'il n'existe aucune preuve
qu'une maladie a reovirus existe chez l'homme, I'infec-
tion par ces virus est largement r6pandue, A en juger sur
1'existence frequente d'anticorps specifiques. II serait
interessant de savoir si des rhinovirus autres que ceux
qui ont servi aux reactions et moins communs dans des
collectivit6s denses sont trouves dans des regions isolees.

I1 parait certain qu'un degr6 extreme d'isolement est
necessaire pour reduire le contact avec des virus au point
qu'une population ait peu ou pas d'anticorps correspon-
dants, comme cela a dejA ete observe dans les Iles Tristan
da Cunha pour les virus grippaux et paragrippaux.
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