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A Survey of Antibodies to Adenovirus 8
and Coxsackievirus A21 in Human Sera

P. J. CHAPPLE'

Studies have recently been published of surveys of antibodies to common respiratory
viruses in human serafrom severalparts of the world. The present article reports thefindings
ofa survey ofantibodies to two more viruses (adenovirus type 8 and coxsackievirus type A21)
in human sera mainly collected from six widely separated geographical regions (Alaska,
England, Marshall Islands, Sarawak, South- West Africa and Tunisia).

A world-wide geographical distribution of infection with these two viruses was found.
However, antibodies to individual viruses were not found with the same frequency in all
countries; and, in marked contrast to the findings in the earlier surveys of antibodies to the
common respiratory viruses, the frequency of antibodies was not the same for each virus in
sera from the same country. It was not possible to draw any final conclusions as to the
reasons for the observed differences.

Taylor-Robinson (1965), Doggett (1965) and
Brown & Taylor-Robinson 2 have shown that
certain common respiratory viruses-influenza, para-
influenza, respiratory syncytial and rhinoviruses-
are found all over the world. In addition, it has been
shown that the incidence of the viruses did not vary
greatly from country to country even in isolated
communities (Brown & Taylor-Robinson, op. cit.).
These findings were based on serological surveys
which we have continued by testing for antibodies
against two further viruses. These viruses are isolated
infrequently in the United Kingdom and spread best
under circumstances different from those in which
the respiratory viruses previously studied are com-
monly found. The two viruses selected were adeno-
virus type 8 and coxsackievirus type A21.
The objects of the study were to determine where

in the world antibodies to adenovirus 8 and coxsackie-
virus A21 may be found; whether there were any
significant differences in the frequency of occurrence;
and, if so, what the explanation for these might be.

Adenovirus 8 was first described as the causal agent
of epidemic kerato-conjunctivitis (EKC) in North
America and the British Isles (Jawetz et al., 1955;

1 Member of Scientific Staff, National Institute for
Medical Research, Common Cold Research Unit (WHO
International Reference Centre for Respiratory Virus
Diseases Other than Influenza), Salisbury, Wilts., England.

' To be published.

Bennett et al., 1957; Sommerville, 1958). EKC pro-
duced by adenovirus 8 can occur as the result of poor
hygiene in eye clinics and doctors' surgeries, but has
also been found spreading among people living in the
California desert (Dawson & Darrell, 1963; Dawson
et al., 1963).

In the Middle and Far East this virus has been
found quite frequently and apparently causes mild
upper respiratory disease (Mitsui et al., 1955; Fukumi
et al., 1958; Feng et al., 1959; Bell et al., 1959;
Lancet, 1963).

Coxsackievirus A21 produces a mild upper respi-
ratory illness (Lennette et al., 1958; Pereira &
Pereira, 1959; Parsons et al., 1960). It is a virus which
seems to spread well only under crowded conditions;
for example, outbreaks of colds caused by coxsackie-
virus A21 occur typically in military recruit camps
rather than in the general population in the United
Kingdom (Pereira & Pereira, 1959; McDonald et
al., 1962).

Specific neutralizing antibodies commonly develop
after infection with coxsackievirus A21 and with
adenovirus 8 and possession of antibodies against the
latter virus has been correlated with a history ofEKC
(Jawetz et al., 1956). In addition, antibodies to adeno-
virus 8 are not produced as a result of infection with
other adenoviruses. A similar relationship exists with
infection by coxsackievirus A21 and antibody pro-
duction. Both viruses haemagglutinate (Rosen, 1960;
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Johnson et al., 1961) and titres of haemagglutination-
inhibiting antibodies parallel those of neutralizing
antibodies (Rosen, 1961; Buckland et al., 1963).

In most cases we examined mainly the sera ofyoung
adults as it has been shown that the frequency of
coxsackievirus A21 antibodies increases with in-
creasing age (Fukumi et al., 1962; Pereira & Pereira,
1959).

MATERIALS AND METHODS

Human sera

Sera from Eskimos, Micronesians, and Hottentots
were those tested by Brown & Taylor-Robinson
(op. cit.). Sera from Australia, Canada, Chile, Cze-
choslovakia, France, India, Italy, Jamaica, Lebanon,
Mauritius, Rodrigues, Singapore, South Africa and
Uganda were taken from the collection described
previously by Taylor-Robinson (1965).
The details of the remaining sera from North

American Indians and inhabitants of Sarawak and
Tunis are shown in Table 1.

All sera were diluted 1: 4 in phosphate-buffered
saline (PBS) and inactivated at 56°C for 30 minutes.
All sera and dilutions were stored at -20°C. In a

preliminary study the same titres were obtained with
untreated sera and with the same sera adsorbed with
acid-washed kaolin and it was concluded that the
technique used was not sensitive to non-specific
inhibitors; therefore all sera were examined without
pretreatment.

Viruses
Coxsackievirus A21 (strain isolated by Dr M. S.

Pereira from a serviceman) was prepared in primary
cultures of human embryo kidney cells maintained

in 2% inactivated calf serum in Eagle's minimal es-

sential medium containing 1.1 g sodium bicarbonate
per litre, 100 IU penicillin G per ml, 100 ,tg
streptomycin per ml and 100 IU neomycin per ml.
The tissue-culture fluids were harvested after the
attainment of maximum cytopathic effect. Bovine
plasma albumin was added to give a final concentra-
tion of lg/100 ml and the fluids were stored at -70°C.

Adenovirus 8 (" Trim "-prototype strain) was pre-
pared in similar fashion. The cells and fluids were

harvested and subjected to ultrasonic treatment for
10 minutes in an Electrosonic apparatus. Cellular
debris was removed by centrifugation and the super-
natant stored at -200C.

Haemagglutination technique
Sever's (1962) modification of the Takatsy (1955)

microhaemagglutination technique was used. Virus
was titrated before each batch of haemagglutination-
inhibition tests was performed. A dilution calculated
to give 4 haemagglutinating doses of virus was made
in nutrient broth. Serial dilutions of sera (starting
at 1: 8) were made in PBS and an equal volume of the
diluted virus was added to each serum dilution and
allowed to stand at room temperature for one hour.
The following controls were included:

Sera: test and control (see below) sera at 1: 8 without
virus added.

Virus: virus diluted 1: 2, 1: 4, 1: 8, and 1: 16 in
PBS.

Red cells: red cells suspended in PBS.

Control sera: known positive and negative sera treated
in the same way as the test sera.

TABLE I
DETAILS OF SERA FROM ALASKA (ARCTIC INDIANS), TUNIS AND SARAWAK

Origin } of collection Status of donors Name and address of sender
Range 1Mean

Arctic Indians from 16-19 July 1958 Not known Healthy adults Dr B. Blumberg, National
Arctic Village, Alaska, (163, 27Y, I unknown) Institutes of Health,
and Fort Yukon, Alaska Bethesda, Md., USA

Tunis About 1960-81 18-37 23 Adult male army recruits; Dr M. L. Tarizzo, Institut
(many different areas) sera collected to test WHO d'Ophtalmologie, Tunis (via

trachoma CF antigens Dr J. Porterfield, National
Institute for Medical Research,
London)

Sarawak About 196344 15-25 19.5 Young adults, both sexes Dr C. E. Gordon Smith,
(several different areas) (ratio d: V unknown) Microbiological Research

Establishment, Porton, Wilts.,
England
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Red cells were added to the plates and these were then
incubated for one hour at 4°C for tests with coxsa-

ckievirus A21 and one hour at room temperature
(approximately 20°C- 25°C) with adenovirus 8.
The end-points were complete agglutination for

virus titrations and complete inhibition for serum

titrations.
Red cells. 1% adult human group 0 red cells were

used for adenovirus 8 and 1% foetal human group 0
red cells were used for coxsackievirus A21. In both
cases cells from several individuals were examined to
find the most satisfactory donor for the tests. Adult
red cells were prepared as a 10% stock suspension in
dextrose-gelatin-barbital buffer (Clarke & Casals,
1958) and stored at 40C. Suspensions (1 %) in PBS
were prepared fresh for each batch of tests. Foetal
red cells were stored undiluted in liquid nitrogen and
1% suspensions in PBS were freshly prepared for
each batch of tests (Buckland, unpublished).

RESULTS

The results are expressed as the number of sera

positive, i.e., showing complete inhibition at a di-
lution of 1: 8 or greater. It was thought that the

results obtained with the sera from Liverpool would
reflect the epidemiological situation in Britain and so

act as a base-line or reference for further studies. In
addition, a comparison was made between the sera

of the 18-23-year age-groups of Liverpool, Tunis and
Sarawak. These results were not significantly different
from those, given below, which were obtained from
all the sera available.

Antibodies against coxsackievirus A21

About 38% of the sera from Liverpool had anti-
bodies against coxsackievirus A21 (see Table 3
below). This figure is in agreement with the 35%
found by Pereira & Pereira (1959) in a sample of
nearly 300 sera, although there was a less marked
increase of frequency with age than in their series.

In a preliminary survey of other parts of the world,
sera from 14 countries were examined (only a few
specimens were available from some countries). Anti-
bodies to coxsackievirus A21 were found in sera from
eight of these countries (Table 2).

Larger groups of sera from other countries were

examined and the results are shown in Table 3. It was
found that the sera from Alaskan Eskimos, Tunisian

TABLE 2
PRELIMINARY SURVEY OF ANTIBODIES AGAINST COXSACKIEVIRUS TYPE A21

AND ADENOVIRUS TYPE 8 IN HUMAN SERA

Coxsackievirus A21 Adenovirus 8
Cou tryAgeCountry (years) Total Sera Total Sera

sera tested with antibody sera tested with antibody

Australia >20 16 8 16 14

Canada .20 20 6 39 6

Chile .20 27 4 27 16

Czechoslovakia >20 3 0 3 0

France >20 4 0 4 2

India >20 8 1 18 16

Italy 2-19 14 2 14 10

Jamaica >20 4 2 15 6

Lebanon >18 9 0 9 8

Mauritius 17/12 and 18/12 2 0 2 1

Rodrigues 10112-3 7 0 7 0

Singapore .20 21 4 21 12

South Africa >20 16 1 15 0

Uganda 9-14 5 0 5 4
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TABLE 3. RESULTS OF HAEMAGGLUTINATION-INHIBITION TESTS USING COXSACKIEVIRUS A21

No.Nr A e No. of sera tested with titres of: Geometric Percentage
tested (years) <8 8-12 16-24 32-48 64-96 >128 mean titre positive

Liverpool 37 0-20 32 3 1 1 0 0 4.92 13.5

39 21-50 19 17 3 0 0 0 6.58 51

36 > 51 19 12 5 0 0 0 6.86 47

112 Total 70 32 9 1 0 0 6.04 37.5

Tunis 121 22.8 109 8 3 1 0 0 4.56 10
(average)

Sarawak 179 19.5 134 32 7 5 0 1 5.79 25
(averag5)

Alaska 93 27.2 92 1 0 0 0 0 4.06 1
(Eskimos) (average)

South-West Africa 97 96 1 0 0 0 0 4.03 1
(Hoftentots)

Rongelap 93 32.6 52 20 7 10 3 1 10.74 44
(Micronesians) (average)

Alaska 44 40 3 1 0 0 0 4.83 9
(Arctic Indians)

TABLE 4. RESULTS OF HAEMAGGLUTINATION-INHIBITION TESTS USING ADENOVIRUS TYPE 8

O No.fr Age No. of sera tested with titres of: Geometric Percentage
tested (years) <8 8-12 16-24 32-48 64-96 >128 meantitre positive

Liverpool 37 0-21 33 3 1 0 0 0 4.56 10.8

39 21-50 39 0 0 0 0 0 0 0

36 > 51 35 1 0 0 0 0 4.16 2.8

112 Total 107 4 1 0 0 0 4.20 4.5

Tunis 121 22.8 84 25 11 0 1 0 6.2 31
(average)

Sarawak 160 19.5 88 55 14 3 0 0 7.2 45
(average)

Alaska 93 27.2 82 5 2 4 0 0 5.07 11.8
(Eskimos) (average)

South-West Africa 97 68 23 5 1 0 0 5.71 30
(Hottentots)

Rongelap 93 32.58 42 25 11 10 4 1 12.38 55
(Micronesians) (average)

Alaska 44 21 11 6 5 1 0 12.38 52
(Arctic Indians)
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army recruits, Hottentots living in the Kalahari
desert and Arctic Indians in Alaska had low fre-
quencies of antibodies against coxsackievirus A21;
the percentages were 1, 10, 1 and 9 respectively. The
highest frequency of antibodies was from the sera of
Micronesians living on the island of Rongelap in the
Pacific; 44% of these were positive. Of the sera from
Sarawak, 25% had antibodies against coxsackievirus
A21. The geometric mean titres reflected the pro-
portion of the groups that had antibodies.

Antibodies against adenovirus 8

Only 4.5% of the sera from Liverpool were posi-
tive and no increase of frequency of antibodies with
increasing age was observed (Table 4).

In a preliminary survey (Table 2) antibodies were
found in sera from 11 of 14 countries. In the larger
groups of sera (Table 4) the lowest frequency of
antibodies was found in sera from Liverpool and
from Eskimos in Alaska (4.5 % and 12% respectively).
Frequencies of 30% and 31 % were obtained with the
sera from Hottentots and the Tunisian military
recruits. Finally, the highest frequencies were found
in sera from the inhabitants of Sarawak, Arctic
Indians in Alaska and Micronesians on the island of
Rongelap (45 %, 52% and 55% respectively).
As was the case with coxsackievirus A21, the geo-

metric mean titres reflected the proportion of the
groups that had antibody to adenovirus 8.

DISCUSSION

It has been shown that infections caused by
coxsackievirus A21 and adenovirus 8 occur in all
those countries from which we were able to examine
a reasonable number of sera. By making a direct
comparison between the results obtained (see the
figure), it can be seen that antibodies to the two
viruses are not found uniformly all over the world.
In addition, it was found that antibodies against
coxsackievirus A21 and adenovirus 8 did not have
the same frequency of occurrence in sera from the
same country. These findings are in marked contrast
to the uniform occurrence of antibodies to the
common respiratory viruses. Thus it may be con-
cluded that the optimum conditions for the spread of
these two viruses are not always found and that each
of these two viruses requires a different set of condi-
tions for its survival.

These results must be interpreted with caution,
because the sera might have been obtained between,

COMPARISON OF THE FREQUENCY OF ANTIBODIES
AGAINST ADENOVIRUS 8 AND COXSACKIEVIRUS A21

IN HUMAN SERA
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or just after, infrequent epidemics of coxsackievirus
A21 or adenovirus 8 infections. However, the sera
collected in Liverpool covered a middle age-range and
there was little evidence in these of earlier epidemics
of adenovirus 8.

It was said in the introductory paragraphs that if a
variation in the distribution of antibodies to cox-
sackievirus A21 and adenovirus 8 from country
to country was detected we would look for an
explanation. Only very general information about
the populations sampled is available. However,
three conclusions can be drawn. First, the more
crowded the community the better the chance of
the virus spreading and therefore surviving, as
evidenced by, for instance, the high frequencies of
antibodies against adenovirus 8 in sera from
Sarawak, and South-West Africa. Secondly, isola-
tion of a community under certain circumstances
may act against the survival of coxsackievirus A21,
as may be seen from the low frequencies of anti-
bodies to this virus found in sera from Eskimos
and Hottentots. Lastly, the epidemiology of these
viruses is complex and no single factor that has
been detected is responsible for the observed pattern.
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RtSUMt

L'auteur a utilise la methode d'inhibition de l'hemag-
glutination pour rechercher la presence d'anticorps
specifiques vis-a-vis de l'adenovirus du type 8 et du
coxsackievirus du type A21 dans des serums humains
preleves dans des regions tres diverses.
Du point de vue epidemiologique, de nettes differences

ont ete observees entre les caracteristiques de diss6mina-
tion et de survie de ces deux virus et celles d'autres virus,
r6cemment etudies, et 6galement responsables d'infections
des voies respiratoires. Tous les serums examines conte-
naient les anticorps specifiques de ces deux virus. On notait
cependant d'importantes variations de la proportion des
serums positifs vis-a-vis de l'un ou l'autre virus dans un
meme pays, de meme que des differences de positivite des
serums pour un meme virus dans diff6rentes regions.
C'est ainsi que 4,5% seulement des serums prelev6s a
Liverpool (Angleterre) contenaient des anticorps vis-
a-vis de l'adenovirus du type 8, alors que 37,5% d'entre

eux etaient positifs pour le coxsackievirus du type A21.
Chez les Indiens de l'Alaska, on decelait les anticorps
pour l'adenovirus du type 8 dans 52% des serums, mais
9% seulement des serums reagissaient avec le coxsackie-
virus du type A21.

L'epidemiologie de ces deux virus semble donc com-
plexe, et aucun facteur simple capable d'expliquer les
differences observees n'a pu etre decouvert. L'auteur
estime cependant pouvoir conclure de cette enquete que
dans les collectivites a forte densite de population,
l'adenovirus du type 8 trouve de meilleures possibilit6s
de dissemination et de survie, comme en temoignent
les taux de 45% et 30% de serums positifs observes
respectivement a Sarawak et chez les Hottentots. Quant
au coxsackievirus du type A21, sa survie est peut-etre
contrariee au sein des populations isolees comme semble
l'indiquer le taux de positivit6 de 1% seulement obtenu
avec des serums d'Esquimaux et de Hottentots.
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