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

D. TAYLOR-ROBINSON l

Over the past few years, many viruses have been isolated, particularly in the USA
and Great Britain, from persons with respiratory disease. It is difficult to obtain suitable
specimens from diverse areas of the world and test for viruses, but it is possible to obtain
sera and test for antibodies. The present article reports the findings of an antibody survey
of sera collected from 15 countries. The purpose of this survey was, first, to determine
whether persons in these countries possessed antibodies against the " newer " respiratory
viruses and therefore had been infected with these or related viruses, and, secondly, to look
for quantitative differences in antibodies present in sera from different countries. A world-
wide geographical distribution ofantibodies was demonstrated which indicated a widespread
distribution of those viruses considered in this study. Although it is widely believed that
respiratory infections are less common and troublesome in hot or tropical regions, there
was no evidence that sera obtainedfrom countries with such climates contained less antibody
than sera from countries with more temperate climates.

Viruses that cause many respiratory diseases have
been isolated in recent years from children and
adults, particularly in the USA and Great Britain.
Further, antibodies develop in response to infection
with these viruses. Although it is not easy to obtain
suitable specimens from persons with respiratory
disease in widely diverse areas of the world and test
for the presence of viruses, it is possible to obtain
sera and to examine them for antibodies against
respiratory viruses.
A serological survey was therefore undertaken

with the following objectives: first, to determine
whether healthy persons resident outside the USA
and Great Britain possessed antibodies against the
" newer " respiratory viruses and whether they had
therefore been infected with these or related agents;
secondly, to look for evidence of quantitative
differences in the antibodies present in sera collected
in various countries. It was expected that there
would be more antibody against respiratory viruses

in the sera of persons resident in temperate climates,
since it is widely believed that respiratory infections
are more common and troublesome in temperate
regions. In order to study a large number of sera,
the haemagglutination-inhibition technique was
used when possible, but it was necessary to employ
neutralization tests with the rhinoviruses. Some of
the results were reported in a preliminary form in
earlier papers (Taylor-Robinson, 1963a, 1963b).

Since this survey commenced there has been
further evidence of virus isolations in countries that
are widely separated geographically; for example,
the isolation of parainfluenza viruses in Australia
(Lewis, Lehmann & Ferris, 1961) and of these
viruses and rhinoviruses in South Africa (J.H.S.
Gear-personal communication, 1963) has been
reported. This is in accord with the world-wide
geographical distribution of antibodies to respiratory
viruses, evidence for which is oresented in this
communication.

MATERIALS AND METHODS

SERA

The data on the sera are listed in Table 1. Most
of the sera were from young adults. However, some

1 WHO International Reference Centre for Respiratory
Virus Diseases, Common Cold Research Unit, Salisbury,
Wilts., England.

of the sera obtained from Australia and Jamaica
were from older persons and some of the sera
obtained from Italy were from children. All the sera
from Uganda and the islands of Rodrigues and
Mauritius were from children and infants. The sera
from Czechoslovakia were transported after lyo-

1612 833-



834 D. TAYLOR-ROBINSON

TABLE 1
DATA ON THE SERA EXAMINED, ARRANGED BY DECREASING ORDER OF AGE

Origin Age of donors
Origin___________ Date of (years)

CountrylCityecDteion | |Mean|Description of donors Name and address of sender
Country C

colletion Age MeanCountry City ~~~~range age

Australia Lidcombe March 1962 19-68 39 Healthy male abattoir Dr H. Kramer, Institute of Clinical
workers and Medical Research Lldco mbe,

N.S.W.

Jamaica Kingston June 1960 18-63 30 Mostly housewives, resi- Dr D. C. Turk, Department of Bac-
dents of suburban estate teriology, University College of the

West Indies, Kingston

India VellQre Jan. 1961 20-36 29 Blood-bank donors Dr Ruth M. Myers, Department of
Microbiology, Christian Medical Col-
lege, Vellore, Madras

Malaya Singapore May 1960 14-36 27 Patients under treatment Professor K. A. Lim, Department of
for epidemic kerato- Bacteriology, University of Malaya,
conjunctivitis Singapore

South Africa Cape Town Aug. 1960 20-28 24 Staff (white) of the Virus Professor A. Kipps, Virus Research
Research Unit Unit, Medical School, University of

Cape Town

France Paris May 1960 18-28 23 Hospital patients with neu- Dr C. Chany, H6pital St Vincent-de-
rological and lower respi- Paul, Paris
ratory tract conditions

England Liverpool 1961-62 13-33 22 Patients with non-respira- Dr G. B. Bruce White, Public Health
tory conditions Laboratory, Liverpool

Chile Santiago June 1960 20-23 22 Healthy nursing students Dr E. Pearson, Virus and Rickettsial
starting fever-hospital Laboratory, Santiago
training

Czechoslovakia Prague May 1960 19-23 21 Medical students of Pra- Dr L. Syr6eek, Institute of Epidemio-
gue and farm workers of logy and Microbiology, Prague
central Bohemia

USA Chicago Oct. 1959- 20-27 22 Medical students Dr Dorothy Hamre, Department of
June 1960 Medicine, University of Chicago, Ill.

Lebanon Beirut June 1960 16-25 20 Patients In local hospitals Dr J. Hatem, Microbiology Section,
requiring syphilis serology Central Public Health Laboratory,

Beirut

Italy Rome 1960 3-19 11 Y2 Hospital patients Dr D. Balducci, Istituto Superiore di
Sanit&, Rome

Uganda Kampala Aug. 1960 8-14 9%4 Tropical Africans Dr H. S. Gear, South African Insti-
tute for Medical Research, Johan-
nesburg

Rodrigues Island Nov. 1959 8 months 2 years Children from different As above
-3 years parts of the Island

Mauritius Island Aug.-Sept. 15-18 17 _ As above
1960 months months
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philization, and the remainder were sent by air in a

frozen state. All sera were stored at -200C until
tested.

VIRUSES

The strains of virus used and the culture systems,
media and temperature employed to produce
haemagglutinin or infectious virus are shown in
Table 2. All viruses and haemagglutinins were stored
at -70°C.

HAEMAGGLUTINATION-INHIBITION (HI) TESTS

Infectious tissue-culture fluids or allantoic fluids
were used as antigens. Preliminary antigen titrations
were performed on the day of each test, and 4 units
of antigen were then incubated at room temperature
for one hour with serial twofold dilutions of serum

VIRUSES USED AND

treated with cholera filtrate. 1.0% or 0.5% human
group 0 red blood cells were added and allowed to
settle at room temperature, except in tests with
parainfluenza 3 virus and echovirus 11, in which the
cells settled at 4°C. Most tests were done in WHO
plastic plates with 0.2-ml or 0.25-ml volumes, but a

few were carried out by the micro-method of
Takatsy (1955), which gave titres about twofold
lower than the macro-method. Readings were made
when the cells in the controls had just settled;
partial agglutination was taken as the end-point.

NEUTRALIZATION TESIS

Neutralization tests were carried out with rhino-
viruses-that is, echovirus 28, UGP and B632-since,
so far, these viruses have not been found to haemag-

TABLE 2

CULTURE SYSTEMS, MEDIA AND TEMPERATURE EMPLOYED FOR PRODUCTION
OF HAEMAGGLUTININ OR INFECTIOUS VIRUS

Culture te (C)~~~~~~~~TmpraurVirus Culture system Culture medium a of incubation'(OC)

Influenza A/Pakistan/57 Chick-embryo
allantois 33

Influenza B/Eng./939/59 Chick-embryo
allantois 33

Parainfluenza type 1 Monkey kidney, 0.1 % yeast extract, 0.5 % lactalbumin hydro-
(human strain Cop. 222) stationary lysate, 0.1 % sodium bicarbonate 37

Parainfluenza type 3 Calf kidney, As above
(bovine strain 33) stationary 37

Reovirus type I Monkey kidney, As above 37
stationary or 2 % calf serum, 0.25 % lactalbumin hydro-

lysate

Reovirus type 2 Monkey kidney, 0.1 % yeast extract, 0.5 % lactalbumin hydro- 37
stationary lysate, 0.1 % sodium bicarbonate

Echovirus 11 Monkey kidney, 2 % calf serum, 0.25 % lactalbumin hydrolysate, 37
stationary 0.1 % sodium bicarbonate

Rhinovirus: echovirus 28 Monkey kidney, 2 % calf serum, 0.25 % lactalbumin hydrolysate, 33
rolled 0.03 % sodium bicarbonate

Rhinovirus Sal./1/57M (HGP) Monkey kidney, As above 33
rolled

Rhinovirus Sal./1/60M (B632) Monkey kidney, As above 33
rolled

a All media were based on Hanks's saline and contained 100 IU penicillin /ml and 100 "g of streptomycin /ml.
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.glutinate. Sera were inactivated at 56°C for 30
minutes. Virus-serum mixtures, which contained
100-500 PFU of virus per ml, were incubated at
room temperature for two hours; 0.2-ml amounts
of mixture were then inoculated into each of 3-5
monkey kidney culture tubes. Each tube contained
1.5 ml of medium (see Table 2) and was rolled at
330C after inoculation. Microplaques appearing

within two to three days were counted directly in
the culture tube by use of the lowest optical magnifi-
cation (i.e., x 6 eye-piece and x 6 objective). The
neutralizing activity of the serum was determined by
calculating the first-order reaction constant, K
(Taylor-Robinson & Tyrrell, 1962a). A K value of
0.,23 signifies 50% virus inactivation by a 1/40 final
dilution of serum.

RESULTS

The HI titres of sera that were tested against the
haemagglutinating viruses are shown in Tables 3 to 9.
The neutralizing activities (K values) of sera tested
against the rhinoviruses-namely, echovirus 28,
HGP and B632-are shown in Tables 10, 11 and 12
respectively.

In the text and in each table the results for Uganda,
Rodrigues and Mauritius are considered separately,
since the corresponding sera were obtained from
children and infants. Only about half the sera from

Italy came from adults, and in the tables two sets
of figures are shown, the first indicating the results
obtained for sera from both adults and children and
the second (in parentheses) indicating the results for
sera from children only.

ANTIBODY TITRES OF SERA FROM DIFFERENT COUNTRIES

Influenza virus A/Pakistan/57 (Table 3)
Adults. 161 sera were tested and most of them

(86 %) contained antibodies at a titre of 8 or greater.

TABLE 3
RESULTS OF HAEMAGGLUTINATION-INHIBITION TESTS WITH INFLUENZA A/PAKISTAN/57 VIRUS a

Number Number of sera with titres of: Geometric Per-
Country of sera

256 and
mean centage

tested < 8 8-12 16-24 32-48 64-96 128-192 over
titre positive

Australia 18 5 8 3 2 44 100

Jamaica 15 4 2 2 4 3 18.5 73

India 15 3 1 2 6 1 2 54 100

Malaya 10 3 3 2 2 43 100

South Africa 15 2 2 2 3 4 1 1 32 87

France 14 4 3 3 3 1 22 71

England 18 8 3 5 2 21 56

Chile 15 2 2 8 3 27.5 87

Czechoslovakia 15 1 3 4 2 3 1 1 29 93

USA 9 1 4 2 2 25.5 89

Lebanon 10 1 1 4 3 1 38 90

Italy 15 (8) 3 (3) 4 (1) 3 (1) 2 (1) 3 (2) 55 (40) 80 (63)

Uganda (20) (2) (1) (2) (3) (12) (201) (100)

Rodrigues (20) (5) (5) (3) (1) (1) (5) (27.5) (75)

Mauritius (20) (10) (5) (3) (1) (1) (9.4) (50)

Total 229 41 22 33 48 43 17 25 32 82

Total excluding 1 1
children's sera 161 23 10 27 1 451 39 121 5 31 - 86

a Figures in parentheses refer to sera from children only.
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TABLE 4
RESULTS OF HAEMAGGLUTINATION-INHIBITION TESTS WITH INFLUENZA B/ENG./939/59 VIRUSa

Number Number of sera with titres of: Geometric Per-
Country of sera 26ad mean centage

tested < 8 8-12 16-24 32-48 |64-96 128-19 o5verd titre positive

Australia 19 4 8 3 4 45 100

Jamaica 15 2 1 3 5 2 2 29 87

India 15 3 3 8 1 so 100

Malaya 12 2 4 3 1 1 1 30 83

South Africa 15 5 7 2 1 8.5 67

France 10 3 3 3 1 12 70

England 17 1 5 4 5 1 1 24 94

Chile 15 7 3 1 4 9 53

Czechoslovakia 15 7 4 2 2 9 53

USA 7 1 3 2 1 24 100

Lebanon 12 2 3 2 2 3 19 83

Italy 10 (4) 4 (3) 2 2 (1) 2 15 (7) 60 (25)
Uganda (20) (5) (3) (5) (4) (2) (1 ) (19) (75)

Rodrig ues (20) (9) (5) (3) (2) (1 ) (14) (55)
Mauritius (14) |(12) | (1) (1) (5 ) | (14)

Total | 21ff6 59 | 36 | 38 42 24 | 12 | 5 | 17 | 73

Total excluding
children's sera 158 30 27 33 36 21 8 3 20.5 81

a Figures in parentheses refer to sera from children only.
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Jamaica (73 Y.), France (71°/.) and England (56 Y.)
had the lowest proportion of positive sera and this
was reflected in the geometric mean (GM) antibody
titres of sera from these countries.

Children. Some of the infants and young children
on the islands of Rodrigues and Mauritius had
acquired antibodies at an early age. The GM
antibody titre of 201 for sera from children of
Uganda probably indicates a very recent infection.

Influenza virus B/Eng./939/59 (Table 4)
Adults. 158 sera were tested and most of them

(81 Y.) contained antibodies at a titre of 8 or greater.
South Africa (67 Y.), France (70%), Chile (53 Y.)
and Czechoslovakia (53 Y.) had lower proportions
of positive sera and this was reflected in the GM
antibody titres of sera from these countries.

Children. 14% of sera from Mauritius and 55%
of sera from Rodrigues were positive, which is
possibly a reflection of the difference in the age of
the serum donors of the two islands.

Parainfluenza virus I (Table 5)
Adults. 159 sera were tested and practically all

of them (97°v;) contained antibodies at a titre of 8
or greater. In fact, only a few specimens-from the
USA and Italy-did not contain antibody. Sera
from the countries with a tropical climate had
GM antibody titres as great as those of sera from
countries with a temperate climate; sera from
Jamaica had the greatest amount of antibody
(GM titre: 1063.

Children. 53% of the infants of Mauritius had
developed antibodies by 18 months of age and the
children of Uganda had more a'ntibody (GM titre:
111) than adults of any of the other countries.

Parainfluenza virus 3 (Table 6)
A bovine strain of parainfluenza virus 3 (strain 33)

was used, since this strain readily produced high
titres of haemagglutinin. The results of preliminary
studies on sera from children and adults showed
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TABLE 5
RESULTS OF HAEMAGGLUTINATION-INHIBITION TESTS WITH PARAINFLUENZA VIRUS TYPE I a

Number Number of sera with titres of: Geometric Per-
Country of sera 256 mean centage

tested < 8 8-12 16-24 32-48 64-96 128-192 258vand titre positive

Australia 19 6 5 5 2 1 44 100

Jamaica 15 2 8 3 2 106 100

India 15 2 10 2 1 85 100

Malaya 13 2 7 3 1 86 100

South Africa 15 1 2 2 6 2 2 70 100

France 10 2 5 3 70 100

England 14 1 5 4 3 1 68 100

Chile 15 2 6 6 1 51 100

Czechoslovakia 15 1 2 4 7 1 51 100

USA 9 2 4 3 16 78

Lebanon 13 2 2 9 57 100

Italy 10 (4) 4 (2) 2 (1) 1 2 1 (1) 26(20) 60 (50)

Uganda (20) (1) (2) (4) (8) (5) (111) (95)

Rodrigues (20) (8) (1) (1) (1) (2) (6) (1) (26) (60)

Mauritius (15) (7) (5) (2) (1) (7.5) (53)

Total 218 22 9 25 37 74 36 15 50 90

Total excluding 1
children's sera 159 4 3 21 33 68 22 8 58 97

a Figures in parentheses refer to sera from children only.

no significant difference between the HI titres
obtained with this bovine strain and a human
strain of parainfluenza virus 3. Rindom Schi0tt (1963)
bas also indicated the feasibility of using a bovine
strain for studies on human sera.

Adults. 163 sera were tested and practically all of
them (99%) contained antibodies at a titre of 8 or

greater. Only two sera-from France and Italy-
did not contain antibody. The highest antibody
titres were found in the sera from India (GM titre:
63).

Children. 69% of the infants of Mauritius and
all the children of Uganda had antibodies against
parainfluenza virus 3.

In comparative HI tests and neutralization tests
(100 TCD50 of virus) with both parainfluenza
viruses 1 and 3, an HI antibody titre of 32 or more

indicated the presence of neutralizing antibody at a

titre of 8 or more. Sera with an HI antibody titre

of less than 32 did not always neutralize 100 TCD50
of virus when they were diluted eightfold.

Reovirus I (Table 7)

Adults. 169 sera were tested and most of them
(79 Y.) contained antibodies at a titre of 8 or greater.
France (67 %), England (47 Y.), Czechoslovakia
(60 %) and the USA (56%O) had lower propor-
tions of positive sera, and this was also reflected
in the low GM antibody titres of sera from these
countries.

Children. The proportion of positive sera from
infants on Rodrigues (50%) was higher than the
corresponding proportion from Mauritius (16°/),
which again may be due to the difference in age of
the donors. All the sera from the children of
Uganda were positive and the GM antibody titre
was higher than that of sera from adults of any of
the other countries.
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TABLE 6
RESULTS OF HAEMAGGLUTINATION-INHIBITION TESTS WITH PARAINFLUENZA VIRUS TYPE 3 a

Number iNumber of sera with titres of: Geometric Per-
Country of sera 256 and mean centage

tested < 8 8-12 16-24 32-48 64-96 128-192 v256 titre epoitive

Australia 19 6 12 1 31 100

Jamaica 15 2 2 5 6 38 100

India 15 1 2 9 3 63 100

Malaya 13 1 2 6 3 1 42 100

South Africa 15 5 4 3 2 1 25 100

France 10 1 4 2 2 1 17 90

England 18 2 2 7 5 2 44.5 100

Chile 15 1 6 5 2 1 30 100

Czechoslovakia 15 2 7 4 2 27 100

USA 9 2 5 2 20.5 100

Lebanon 13 8 5 27 100

Italy 10 (4) 1 1 (1) 2 5 (2) 1 (1) 26 (32) 90 (100)

Uganda (20) (1) (1) (6) (8) (3) (1) (62) (100)
Rodrigues (20) (14) (4) (1) (1) (6.3) (30)
Mauritius (16) (5) (3) (1) (5) (2) (14.7) (69)

Total 223 21 28 50 69 43 10 2 27.7 91

Total excluding ll ll
children's sera 163 2 19 47 56 31 7 1 31 99

a Figures in parentheses refer to sera from children only.

Reovirus 2 (Table 8)
Adults. 162 sera were tested and most of them

(87 %) contained antibodies at a titre of 8 or greater.
Sera from France, England, Czechoslovakia and
the USA all had a lower proportion of positive
results (67 %-68 %) and a lower GM antibody titre
than sera from other countries; sera from Malaya
had the highest antibody titres (GM titre: 166).

Children. The results for the infants and children
were about the same as those obtained with reovirus
type 1.

Echovirus 11 (Table 9)
Adults. 156 sera were tested and most of them

(74 %) contained antibodies at a titre of 8 or greater.
The GM antibody titres of sera from eight of the
countries were low (9.5-21.5), while the GM titres
of sera from Australia, India and the Lebanon were
significantly higher-49, 45 and 81 respectively.

Children. 92% of the infants and children of
Rodrigues had apparently been infected by the age
of 3 years.

Rhinovirus: echovirus 28 (Table 10)
Adults. 173 sera were tested and over half of

them (56%) contained antibodies at a dilution of
1/40 (K = 0.23). Sera from France had the lowest
proportion of positives (33 %). Again, there were
as many positive sera from countries with a tropical
climate as from countries with a more temperate
climate.

Children. In contrast to the results obtained with
the other viruses, it was found that the proportion
of positive sera was 74% for Mauritius, nil for
Rodrigues and only 35% for Uganda.

Rhinovirus HGP (Table 11)
Adults. 177 sera were tested and over half of them

(63%) contained antibodies at a dilution of 1/40.
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TABLE 7
RESULTS OF HAEMAGGLUTINATION-INHIBITION TESTS WITH REOVIRUS TYPE 1 a

Number Number of sera with titres of: Geometric Per-
Country of sera mean centage

tested < 8 8-12 16-24 32-48 64-96 128-192 256 and titre positive
over tte pstv

Australia 18 1 3 6 3 3 1 1 29 94

Jamaica 15 1 1 3 5 2 2 1 39 93

India 15 2 4 4 1 3 1 44 100

Malaya 14 2 3 1 3 1 2 2 35 86

South Africa 15 3 2 3 3 2 2 26 80

France 12 4 5 2 1 10 67

England 19 10 3 3 3 10 47

Chile 15 2 1 6 2 3 1 33 87

Czechoslovakia 15 6 4 1 1 2 1 12 60

USA 9 4 2 2 1 11 56

Lebanon 15 1 3 1 3 5 2 53 93

Italy 15 (8) 5 (4) 5 (3) 2 (1) 1 1 1 14 (6.8) 67 (50)

Uganda (18) (4) (3) (2) (8) (1) (69) (100)

Rodrigues (20) (10) (3) (2) (3) (2) (10) (50)

Mauritius (19) (16) (1) (2) (5) (16)

Total 234 65 38 40 31 21 26 13 21 72

Total excluding
children's sera 169 35 31 31 25 17 18 12 24.5 79

a Figures in parentheses refer to sera from children only.

About the same proportion of positive sera was
obtained from most countries, except France (20 %)
and Czechoslovakia (47%). Only a small number
of sera from the USA were tested so that the figure
of 44% positive may be misleading.

Children. In contrast to the results obtained with
echovirus 28, none of the sera from Mauritius
and 35% of those from Rodrigues were positive.

Rhinovirus B632 (Table 12)
Adults. 173 sera were tested and most of them

(74%) contained antibodies. About the same
proportion of positive sera was found in most
countries, except France (45 %) and Czechoslovakia
(53 %). In the case of Italy, only 7 sera from adults
were tested, so that the figure of 40% positive for
both adults and children may be misleading.

Children. None of the sera from Mauritius or
Rodrigues and only 35% of those from Uganda
were positive.

STATISTICAL ANALYSIS OF RESULTS

Broadly speaking, most of the sera from most of
the countries contained antibodies, but one gains
the impression that for any particular virus tested
there are differences between countries. The validity
of this impression has been tested by a statistical
analysis of the data. The results of antibody tests
on sera from Uganda, Rodrigues and Mauritius and
also on all other sera from children were excluded.
Thus, analysis of variance (" between countries and
within countries ") for each of the seven haemaggluti-
nating viruses showed a highly significant difference
" between countries " for all the viruses (P<0.001)
except influenza A/Pakistan/57 virus (P = 0.1).
Again, analysis of variance for rhinoviruses HGP,
B632 and echovirus 28 showed a significant difference
between countries for HGP (P = 0.025) and B632
(P<0.01) viruses, but not for echovirus 28 (P>0.1).
In other words, there was a significant-i.e., more
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TABLE 8

RESULTS OF HAEMAGGLUTINATION-INHIBITION TESTS WITH REOVIRUS TYPE 2 a

Number Number of sera with titres of: Geometric Per-
Country of sera 256 mean centage

tested <8 8-12 16-24 32-48 64-96 128-192 over titre positive

Australia 19 1 1 2 12 3 79 100

Jamaica 15 2 3 2 5 2 1 49 100

India 15 1 2 2 4 4 2 72 93

Malaya 10 1 1 3 5 166 100

South Africa 14 2 2 3 3 3 1 28 86

France 12 4 2 1 4 1 23 67

England 19 6 5 1 2 1 3 1 18 68

Chile 15 5 3 3 4 51 100

Czechoslovakia 15 5 1 3 5 1 15 67

USA 9 3 3 2 1 12.5 67

Lebanon 13 1 1 4 4 3 55 100

Italy 13 (7) 4 (4) 3 (1) 2 (1) 4 (1) 17 (9.7) 69 (43)

Uganda (20) (1) (2) (5) (4) (2) (3) (3) (44) (95)

Rodrigues (20) (11) (2) (3) (4) (17) (45)

Mauritius (19) (16) (1) (1) (1) (6.5) (16)

Total 228 53 23 27 33 46 24 22 29.5 77

Total excluding
children's sera 162 21 18 21 28 39 21 14 38.5 87

a Figures in parentheses refer to sera from children only.

than random-difference in the amount of antibody
found in the sera collected in the different countries.
Although the groups of sera tested in this survey
can hardly be representative of all the young adults
in the countries from which they were obtained,
nevertheless it should be noted that: (a) they were
drawn from similar age-groups; (b) they were drawn
from urban rather than rural populations, so that
virus transmission could take place by close and
frequent human contact; and (c) they were collected
from subjects at an age when they had had time to
acquire most of the infections transmitted during
childhood.

COMPARISON OF ANTIBODY TITRES OBTAINED WITH

DIFFERENT VIRUSES IN TESTS AGAINST SERA FROM A

PARTICULAR COUNTRY

An analysis of variance "between viruses and
within viruses" for each country has revealed a

great heterogeneity of antibody response in most
cases (P<0.001), except for Australia (P = 0.25),
India (P>0.25), the USA (P = 0.1) and Italy
(P = 0.1). In other words, the variations in the
proportion of positive sera and the GM antibody
titres in the tests with different viruses are greater
than could be accounted for by chance. However,
sera from some countries showed no heterogeneity
of antibody titres against different viruses. It seems
likely, therefore, that where different results were
found in tests with various viruses, they were due to
differences in the donors rather than in the test
systems employed.
The countries may be arranged in order of de-

creasing proportion of positive sera and decreasing
height of GM antibody titres. The result is as
follows: India, Malaya, Australia, Lebanon, Jamaica,
Italy, Chile, South Africa, England, France, Czecho-
slovakia and the USA. There is therefore no evidence
that the numbers of positive sera from countries
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TABLE 9
RESULTS OF HAEMAGGLUTINATION-INHIBITION TESTS WITH ECHOVIRUS 11 a

Number Number of sera with titres of: Geometric Per-
Country b of sera mean centage

tested < 8 8-12 16-24 3248 64-96 128-192 256vand titre positive

Australia 19 2 4 3 3 2 5 49 89

Jamaica 15 7 1 1 1 4 1 15 53

India 15 1 1 3 4 1 3 2 45 93

Malaya 14 3 2 3 3 2 1 21.5 78

South Africa 15 3 4 4 3 1 15 80

France 13 2 2 5 2 2 21 85

England 17 8 4 1 2 2 9.5 53

Chile 15 5 4 2 2 2 14 67

Czechoslovakia 15 8 2 1 2 1 1 11.5 47

Lebanon 11 2 1 4 2 2 81 100

Italy 14 (7) 5 (3) 3 (1) 4 (1) 1 (1) 1 (1) 12.5 (14) 64 (57)

Uganda (13) (5) (3) (3) (1) (1) (10) (62)

Rodrigues (12) (1) (2) (4) (5) (19) (92)

Total 188 50 32 33 29 21 12 11 19.5 73

Total excluding l
children's sera 156 41 26 25 23 19 11 11 23 74

a Figures in parentheses refer to sera from children only.
b No data for the USA and Mauritius are available, since there were Insufficient numbers of sera to test.

with hot or tropical climates are smaller or that
these sera contain less antibody than those from

countries with a temperate climate. In fact, the
reverse might be true.

DISCUSSION

Since most of the sera were collected in 1960,
it is not surprising that they contain antibodies to
the Asian strain of influenza virus, for the 1957-58
pandemic involved all the countries from which sera
were obtained (Langmuir, 1961). Masurel & Mulder
(1962) studied the frequency of HI antibody for the
A2/Jap./305/57 strain in sera collected from persons
in the Netherlands in the summer of 1958; the
frequency varied from 55 % to 95 % for children up
to 3 years of age. Three months after an Asian
influenza epidemic in an isolated Eskimo community,
81.5% of individuals of 21-40 years of age in this
community had HI antibody (Reinhard, 1962).
These findings are in agreement with those of the
present study. Influenza B epidemics occur in
children (Moffet et al., 1962) as well as in adults, but

in comparison with influenza A outbreaks they are
not as extensive (Stuart-Harris, 1953) and an
influenza B pandemic has never been recognized.
Nevertheless, most of the sera in the present survey
contained antibody when tested against the B/Eng./
1959 virus. This virus strain is likely to react with
antibody produced by viruses isolated prior to
1959, which may explain the results of this survey.
In contrast to the sporadic occurrence of influenza

A2 and B infections, studies on hospitalized children
by Chanock and colleagues revealed the almost
continuous presence of parainfluenza 1 and 3 virus
infections. Furthermore, in children, these para-
influenza viruses produced illnesses that ranged in
type from mild infections of the upper respiratory
tract to severe disease of the lower respiratory tract
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TABLE 10
RESULTS OF NEUTRALIZATION TESTS WITH RHINOVIRUS:

ECHOVIRUS 28 a

Number Number of sera with activities (K) of: PercentageCountry of sera < 0. 4 | Fpositivetested <0.23 0.23-1.4 >1.4 pstv

Australia 19 11 8 42

Jamaica 15 6 7 2 60

India 15 5 8 2 67

Malaya 15 7 7 1 53

South Africa 15 8 6 1 47

France 12 8 4 33

England 21 4 13 4 81

Chile 15 7 7 1 53

Czechoslovakia 15 7 6 2 53

USA 9 2 6 1 78

Lebanon 15 7 7 1 53

Italy 15 (8) 8 (4) 7 (4) 47 (50)

Uganda (20) (13) (7) (35)

Rodrigues (20) (20) (0)

Mauritius (19) (5) (14) (74)

Total 240 118 107 15 51

Total excluding
children's sera 173 76 82 15 56

a Figures in parentheses refer to sera from children only.

(Parrott et al., 1962); they have also been isolated
from adults with mild upper respiratory infections
(Chanock, Bell & Parrott, 1961). Neutralizing anti-
body studies on sera collected in the USA showed
that 74% of children 4 years of age or over had
antibody to parainfluenza virus 1 and nearly all
children of this age had antibody to parainfluenza
virus 3. Virtually all adults had antibody to these
viruses (Parrott et al., 1962). Rindom Schi0tt
(1963), who used more virus in his neutralization
tests than was used in this study, found that 94%
of healthy Danish adults possessed antibody to a
bovine strain of parainfluenza virus 3. McKinney,
England & Froede (1959) tested 30 sera taken from
adults in California and found HI antibody to
parainfluenza virus 3 in all of them. La Placa &
Moscovici (1962) studied parainfluenza antibodies
in different population groups from the USA, Italy
and India. They showed that 100% of the sera
from adults contained HI antibody to parainfluenza

virus 3 and almost all (91 %-100%) of the sera con-
tained antibody to parainfluenza virus 1; the
frequency was similar in all three populations. The
present findings confirm these results and indicate
that persons living elsewhere in the world also have
very similar amounts of circulating antibody.
However, the presence of antibody even in high
titre does not necessarily indicate resistance to
reinfection and disease (Chanock et al., 1963).
The role of reoviruses in disease has not been

established, although type 1 virus may cause a mild
cold in adults (Jackson et al., 1963) and a feverish
respiratory infection in young children (Rosen et al.,
1960). Reovirus type 2 has been isolated from
children under the age of 10 years, some of whom
had a rash, pharyngitis and fever (Lerner et al.,
1962), but proof that the virus caused the disease is
still lacking. Again, mild afebrile illnesses in adult
volunteers could not be definitely attributed to the
reoviruses inoculated (Rosen, Evans & Spickard,
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TABLE 11
RESULTS OF NEUTRALIZATION TESTS WITH RHINOVIRUS HGP a

Number Number of sera with activities (K) of:
Country of sera Percentage

tested < 0.23 0.23-1.4 >1.4 positive

Australia 19 4 12 3 79

Jamaica 15 5 9 1 67

India 15 3 10 2 80

M alaya 15 4 6 5 73

South Africa 15 6 5 4 60

France 15 12 3 20

England 22 9 12 1 59

Chile 15 3 11 1 80

Czechoslovakia 15 8 7 47

USA 9 5 3 1 44

Lebanon 15 5 7 3 67

Italy 15 (8) 5 (3) 9 (5) 1 67 (63)

Uganda (17) (16) (1) (6)

Rodrigues (20) (13) (7) (35)

Mauritius (19) (19) (0)

Total 241 117 102 22 51

Total excluding
children's sera 177 66 89 22 63

a Figures in parentheses refer to sera from children only.

1963) although the volunteers were infected. It is
probable that infections with these viruses are
usually asymptomatic and, in addition, the virus
probably spreads by the faecal-oral rather than the
respiratory route. A few sero-epidemiological
studies have been reported from the USA. In
Cincinnati, Ohio, 63% of persons of 20-30 years
of age had specific reovirus antibodies (Ramos-
Alvarez & Sabin, 1956) and in Boston, Mass., and
also in San Juan, Puerto Rico, reovirus HI antibodies
were found to increase with age until by the age of
10 years frequency was about 60% (Lerner, 1963).
The results of the present survey are in keeping with
these data and show that antibodies to reoviruses
occur in human sera in many parts of the world.
The part played by echovirus 11 in respiratory

disease is also in doubt. The closely related U-virus
(Philipson & Rosen, 1959) was isolated from children
with non-diphtheritic croup (Philipson & Wesslen,
1958), but an etiological relationship with this

condition has not been established. In adult volun-
teers, U-virus has produced mild respiratory
symptoms (Philipson, 1958) and a mild intestinal
upset (Buckland et al., 1959). However, whether
echovirus 11 produces disease or not, the present
study indicates that it has caused infection, as
judged by the presence of antibody, in persons
throughout the world. The data are also in agree-
ment with those of Buckland et al. (1959), who
tested sera taken in England in 1957-58 from
individuals aged 18-45 years; these workers demon-
strated the presence of HI antibodies at titres of
4-96 in 39 of 51 sera (76%).
The rhinoviruses have been described by Tyrrell

& Chanock (1963) and are a subdivision of the
picornavirus group, which was formulated by the
International Enterovirus Study Group (Melnick
et al., 1963). The first rhinovirus to be isolated
(Price, 1956; Pelon et al., 1956) was classified as
echovirus 28 (Pelon, 1961). This virus and rhino-

844



RESPIRATORY VIRUS ANTIBODIES: GEOGRAPHICAL DISTRIBUTION

TABLE 12
RESULTS OF NEUTRALIZATION TESTS WITH RHINOVIRUS B632a

Country [ Number Number of sera with activities (K) of: Percentagetested < 0.23 0.23-1.4 j >1.4 P

Australia 19 1 15 3 95

Jamaica 15 3 4 8 80

India 15 2 4 9 87

Malaya 15 2 7 6 87

South Africa 15 4 9 2 73

France 11 6 4 1 45

England 22 6 10 6 73

Chile 15 3 6 6 80

Czechoslovakia 15 7 4 4 53

USA 9 3 6 67

Lebanon 15 4 9 2 73

Italy 15 (8) 9 (5) 6 (3) 40 (37)

Uganda (20) (13) (7) (35)

Rodrigues (20) (20) (0)

Mauritius (19) (19) (0)

Total 240 102 91 47 58

Total excluding 1
children's sera 173 45 81 47 74

a Figures in parentheses refer to sera from children only.

viruses HGP and B632 have been isolated from
persons with colds and they produce colds when
inoculated intranasally into volunteers. A regional
serological survey in the USA indicated that echo-
virus 28 infections occurred throughout all sections
of the country and in all seasons of the year and
that 70% of the population over the age of 25 years
had specific neutralizing antibody (Price et al.,
1959). The present survey indicates that antibodies
to this virus and to rhinoviruses HGP and B632
are common throughout the world. Detailed data
on the sera collected in England have already been
presented (Taylor-Robinson & Tyrrell, 1962a), but
are included in this report for comparison with the
results obtained for sera from other countries. The
serum neutralizing activity corresponding to a K
value of 0.23 has been found to prevent experimental
colds induced by both M and H rhinoviruses
(Bynoe et al., 1961; Tyrrell, 1963; Taylor-Robinson
& Bynoe, 1964). Therefore, in contrast to the

situation with the parainfluenza viruses, most of
the persons shown to have antibodies to the rhino-
viruses in this survey are probably immune to colds
produced by these particular viruses.
Although the sera from Kampala (Uganda) and

from the islands of Rodrigues and Mauritius are
different from those of other countries because they
are from younger age-groups, the results are inter-
esting from two aspects. First, as judged by the
number of positive sera and the GM antibody
titres, infants of Mauritius (15-18 months) usually
have less antibody than infants and children from
Rodrigues (8 months-3 years), who, in turn, have
less than the children of Kampala (8-14 years).
However, although it is tempting to correlate the
age of the serum donors with the development of
antibody in this way, a valid correlation could only
be made if the sera were derived from one geo-
graphical location. Secondly, sera from children in
Mauritius contain much more antibody to echovirus
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28 than sera of this age-group collected in Great
Britain and the USA (Schild & Hobson, 1962;
Taylor-Robinson & Tyrrell, 1962a; Johnson &
Rosen, 1963). Nevertheless, Johnson & Rosen (1963)
found that 41 % of sera in the age-group 1-4 years
contained antibodies to one of their serotypes,
strain 1734. Echovirus 28 and B632 virus cross-
react in neutralization tests with rabbit immune
sera (Taylor-Robinson & Tyrrell, 1962b) and with
paired sera from volunteers given echovirus 28
vaccine (Doggett, Bynoe & Tyrrell, 1963); it is
therefore interesting that antibody to B632 rhino-
virus was not demonstrated in any of the sera from
infants of Mauritius. Perhaps primary infection in
infants does not elicit a heterotypic response.

Since the groups of sera tested in this survey were
small and, as has already been noted, cannot be
regarded as representative of all the young adults
in the countries from which they were obtained, it
would be unwise to attach too much significance to
the percentages of positive sera or the GM antibody
titres. Nevertheless, it is striking that the groups of
sera with the greatest number of positives and the
highest GM antibody titres are from countries with
a hot climate-that is, Australia, Jamaica, India,
Malaya, South Africa and the Lebanon-rather

than from countries with a more temperate climate.
That persons in countries with a hot climate should
have antibody titres at least as high as those of
persons in less warm countries may, at first, seem
paradoxical, since, for example, there are more
respiratory infections in England in the winter than
in the summer (Hope-Simpson, 1958). However,
Sutton (1965) has noted in family surveys that
persons in Trinidad experienced 5.7 respiratory
illnesses per year while at the same time persons in
Sheffield, England, experienced 6.1. Further, in a
carefully controlled study (Great Britain, Medical
Research Council, 1964) it was found that students
who came mostly from tropical countries to study in
England did not develop respiratory disease any
more frequently than English students of compa-
rable age.

This study has demonstrated the frequency of
antibodies to respiratory viruses in sera collected
from different non-isolated population groups, and
has also indicated that a hot climate does not
prevent infection. It is possible, however, that the
frequency of infection would be reduced by isolation
from human contact. To test this hypothesis
antibody surveys of remote communities are in
progress and will be reported later.
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RlSUM1!

Au cours des dernieres annees, des virus responsables
de nombreux cas d'affections des voies respiratoires chez
l'homme ont ete isoles chez des enfants et des adultes, no-
tamment aux Etats-Unis d'Am6rique et au Royaume-Uni.

L'auteur a proc6d6 a une enquete serologique ayant
pour objet de deceler la presence d'anticorps pour ces
virus dans le s6rum de personnes saines vivant dans 15
pays diff6rents, et de mesurer les differences quantitatives
de titres suivant le lieu d'origine des s6rums. Ces derniers,
preleves sur des adultes ou des enfants, ont et6 soumis a
l'epreuve d'inhibition de l'h6magglutination ou au test
de neutralisation, et on a d6termin6 leur teneur en anti-
corps pour les virus grippaux de type A/Asian et B, les
myxovirus para-influenzae types 1 et 3, les reovirus types 1

et 2, l'echovirus 11, les rhinovirus HGP et B 632 et
l'&hovirus 28.
Dans la majorite des pays, la plupart des s6rums conte-

naient des anticorps pour tous les virus etudi6s, et notam-
ment des anticorps pour les virus paragrippaux qui furent
les plus frequemment observ6s. Chez plus de 50% des
adultes, on notait la pr6sence d'anticorps neutralisants
pour les rhinovirus a des titres consid6r6s comme pro-
tecteurs. Les s6rums d'enfants de l'lle Maurice renfer-
maient des anticorps pour l'echovirus 28, mais non pour
le rhinovirus B 632, pourtant antig6niquement voisin, ce
qui donne a penser que, chez les enfants, une infection
primaire par l'6chovirus 28 ne provoque pas de r6ponse
pour la souche virale h6t6rologue.
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En classant les pays, en fonction de la proportion de
serums positifs et de la valeur des titres moyens de posi-
tivite, on obtint, par ordre decroissant: Inde, Malaisie,
Australie, Liban, Jamalque, Italie, Chili, Afrique du Sud,
Angleterre, France, Tchecoslovaquie et Etats-Unis

d'Amerique. Il ne semble donc pas que le taux de
positivite des serums soit plus faible dans les pays a
climat chaud ou tropical et que les titres des s6rums
positifs y soient moins 6leves que dans les pays a
climat tempere.

REFERENCES

Buckland, F. E., Bynoe, M. L., Philipson, L. & Tyrrell,
D.A.J. (1959) J. Hyg. (Lond.), 57, 274

Bynoe, M. L., Homer, J., Schild, G. C., Hobson, D.,
Kipps, A. & Tyrrell, D. A. J. (1961) Lancet, 1, 1194

Chanock, R. M., Bell, J. A. & Parrott, R. H. (1961)
Perspect. Virol., 2, 126

Chanock, R. M., Parrott, R. H., Johnson, K. M., Kapi-
kian, A. Z. & Bell, J. A. (1963) Amer. Rev. resp. Dis.,
88, 152

Doggett, J. E., Bynoe, M. L. & Tyrrell, D. A. J. (1963)
Brit. Med. J., 1, 34

Great Britain, Medical Research Council, Committee on
the Aetiology of Chronic Bronchitis (1964) Brit. J.
prev. soc. Med., 18, 174

Hope-Simpson, R. E. (1958) Practitioner, 180, 356
Jackson, G. G., Muldoon, R. L., Johnson, G. C. &
Dowling, H. F. (1963) Amer. Rev. resp. Dis., 88, 120

Johnson, K. M. & Rosen, L. (1963) Amer. J. Hyg., 77, 15
Langmuir, A. D. (1961) Amer. Rev. resp. Dis., 83, 2
La Placa, M. & Moscovici, C. (1962) J. Immunol., 88, 72
Lemer, A. M. (1963) Amer. Rev. resp. Dis., 88, 301
Lerner, A. M., Cherry, J. D., Klein, J. 0. & Finland, M.

(1962) New Engl. J. Med., 267, 947
Lewis, F. A., Lehmann, N. I. & Ferris, A. A. (1961)
Med. J. Aust., 2, 929

McKinney, R. W., England, B. L. & Froede, S. (1959)
Amer. J. Hyg., 70, 280

Masurel, N. & Mulder, J. (1962) Studies on the content of
haemagglutination inhibiting antibody for swine influenza
virus A in sera from people living in the Netherlands
1957-1958, Leiden

Melnick, J. L., Cockbum, W. C., Dalldorf, G., Gard, S.,
Gear, J. H. S., Hammon, W. M., Kaplan, M. M.,
Nagler, F. P., Oker-Blom, N., Rhodes, A. J., Sabin,
A. B., Verlinde, J. D. & von Magnus, H. (1963)
Virology, 19, 114

Moffet, H. L., Cramblett, H. G.. Middleton, G. K.,
Black, J. P., Shulenberger, H. K. & Yongue, A. M.
(1962) J. Amer. med. Ass., 182, 834

Parrott, R. H., Vargosko, A. J., Kim, H. W., Bell,
J. A. & Chanock, R. M. (1962) Amer. J. publ. Hlth.,
52, 907

Pelon, W. (1961) Amer. J. Hyg., 73, 36
Pelon, W., Mogabgab, W. J., Phillips, L. A. & Pierce,
W. E. (1956) Bact. Proc., p. 67

Philipson, L. (1958) Arch. Virusforsch., 8, 318
Philipson, L. & Rosen, L. (1959) Arch. Virusforsch., 9,

25
Philipson, L. & Wessl6n, T. (1958) Arch. Virusforsch.

8, 77
Price, W. H. (1956) Proc. nat. Acad. Sci. (Wash.), 42,

892
Price, W. H., Emerson, H., Ibler, I., Lachaine, R. &

Terrell, A. (1959) Amer. J. Hyg., 69, 224
Ramos-Alvarez, M. and Sabin, A. B. (1956) Amer. J.

publ. Hlth., 46, 295
Reinhard, K. R. (1962) J. Immunol., 88, 551
Rindom Schi0tt, C. (1963) Acta path. microbiol. scand.,

59, 239
Rosen, L., Evans, H. E. & Spickard, A. (1963) Amer. J.

Hyg., 77, 29
Rosen, L., Hovis, J. F., Mastrota, F. M., Bell, J. A. &
Huebner, R. J. (1960) Amer. J. Hyg., 71, 266

Schild, G. C. & Hobson, D. (1962) Brit. J. exp. Path.,
43, 288

Stuart-Harris, C. H. (1953) Influenza and other virus
infections of the respiratory tract, London, Arnold

Sutton, R. N. P. (1965) Trans. roy. Soc. trop. Med. Hyg.,
59, 212

Takatsy, G. (1955) Acta microbiol. Acad. Sci. hung.,
3, 191

Taylor-Robinson, D. (1963a) Arch. Virusforsch., 13,
281

Taylor-Robinson, D. (1963b) Amer. Rev. resp. Dis., 88,
262

Taylor-Robinson, D. & Bynoe, M. L. (1964) Brit. med.
J., 1, 540

Taylor-Robinson, D. & Tyrrell, D. A. J. (1962a) Brit.
J. exp. Path., 43, 264

Taylor-Robinson, D. & Tyrrell, D. A. J. (1962b) Lancet,
1, 452

Tyrrell, D. A. J. (1963) Perspect. Virol., 3, 238
Tyrrell, D. A. J. & Chanock, R. M. (1963) Science, 141,

152

7


