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Use of the single radial diffusion technique
for influenza antibody surveys
PRATIMA CHAKRAVERTY,1 MARGUERITE S. PEREIRA,1 & G. C. SCHILD 2

A survey of antibody to the influenza A/Hong Kong/1/68 (H3N2) and the variant
A/England/42/72 (H3N2) was carried out by two methods, haemagglutination-inhibition
(HI) and single radial diffusion (SRD). A comparison of the sensitivity of the two tests
indicated that the proportion of sera that produced a zone of 2.5 mm or larger in the SRD
tests was equivalent to the proportion that gave HI titres of 1: 40 or more. The test was
carried out on serum samples collectedfrom various regions ofEngland. The results showed
that approximately 70 % had antibody to the A/HK/J/68 virus and only 35 % had antibody to
A/England/42/72. The SRD test was shown to have several practical advantages for sero-
epidemiological studies.

INTRODUCTION

The development of influenza epidemics depends
on, among other things, the proportion of the
population without antibody to the prevalent influ-
enza virus. It is therefore of importance that the
antibody picture be known at any one time in order
that recommendations can be made on the likely
need for vaccination programmes to protect suscep-
tibles during the approaching winter season.

In the past, information has been obtained by
measuring antibody by the techniques of either
haemagglutination inhibition (HI) or by the strain-
specific complement fixation (CF) test. Both these
have certain disadvantages. In the HI test it is
essential to treat each serum to remove nonspecific
inhibitors before it can be tested or to use non-avid
inhibitor-insensitive strains of virus. The disadvan-
tage of the strain-specific CF test is that although the
test is simple it is rather insensitive. In contrast, the
single radial diffusion (SRD) test described by Schild
et al. (9) is very easy to perform and the results are
not influenced by the presence of nonspecific inhi-
bitors. The original purpose of this study was to
collect information on the frequency and level of
serum antibody to the A/HK/1/68 (H3N2) influenza
virus in the population and to compare the results of
the SRD test with those of the conventional HI test.
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Laboratory, Colindale Avenue, London NW9 5HT.
'WHO World Influenza Centre, National Institute for
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While this work was being done reports were
received of epidemics of influenza in the southern
hemisphere, associated with strains similar to a
variant A/Eng/42/72 (H3N2), which is substantially
different from A/HK/1/68 virus (10). The study was
therefore extended to cover antibody to this
A/England/42/72 variant.
The results of our findings with these two viruses

A/HK/1/68 and A/England/42/72 are described here.

MATERIALS AND METHODS

Sera
Serum samples were received from 5 public health

laboratories situated in different parts of England.
These samples had been submitted for routine sero-
logical investigation during the month of May 1972,
the majority for Wassermann reactions. Altogether
2719 sera were examined for antibody to the
A/HK/1/68 virus. A smaller number from represen-
tative age groups were tested against the variant
A/England/42/72.
Reference sera

Antisera against purified haemagglutinin and
neuraminidase of both A/HK/1/68 and A/England/
42/72 were prepared in rabbits (10).

Antigens
For HI tests, early egg passage fluids of each strain

were used.
For SRD tests, antigens were prepared from high-

yielding recombinant strains. The X-31 strain, which
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contains surface antigens (haemagglutinin and neur-
aminidase) identical to those of A/HK/1/68 (H3N2)
virus (2) was used for estimating antibody to that
virus. A recombinant strain, designated MRC2, was
prepared at the World Influenza Centre, Mill HilL It
was identical with A/England/42/72 (H3N2) and was
used for estimating antibody to this virus. The
recombinant strains were cultivated in embryonated
eggs and purified and concentrated by adsorption on
to and elution from chick erythrocytes, followed by
differential centrifugation and sedimentation through
a sucrose gradient (10-40%) as described by Schild
and Pereira (11). Concentrates contained between
2,x 106 and 106 haemagglutinin units per 0.25 ml.
Other batches of antigen were purified by zonal
ultracentrifugation (12).

Haemagglutination-inhibition tests

These were carried out as described by Pereira
et al. (8).

Single radial diffusion test

The technique described by Schild et al. (9) was
used. Suspensions of purified, intact influenza viruses
were prepared in 1.5% agarose gels (Indubiose A37
from l'Industrie microbiologique francaise, Paris)
at a concentration of approximately 0.1 mg per ml of
virus protein and approximately 2 x 104 haemagglu-
tinating units per ml of final concentration in the gel.
Layers of agarose of uniform thickness (1.7 mm)
were prepared in plastic immunoplates (Hyland
Laboratories, Calif., USA) using 3.0 ml of agarose
per plate. The exact concentration for use of each

batch of a given virus antigen in the gel was
standardized by the use of reference sera, the concen-
tration of antigen being adjusted so that the reference
sera gave zones of equal size. For antigenically
different viruses, i.e., A/Hong Kong/1/68 (H3N2)
and A/England/42/72 (H3N2), the determination of
equivalent concentrations of antigen was based on
equivalent concentrations of viral protein (0.1 mg of
protein per ml of gel). Fifty-six circular wells (2.0 mm
diameter) were cut in each plate. The wells were filled
with 5 ul volumes of undiluted sera, which were
untreated except for heating at 56°C for 30 min. The
plates were kept overnight at room temperature in a
moist chamber to allow zones to form and were then
soaked in phosphate-buffered saline for 2-6 hours
and the diameter of opalescent zones read using
dark-ground illumination and an eye-piece micro-
meter scale (x 8 magnification, Matchless Machines
Ltd., United Kingdom) calibrated in 0.1 mm
divisions. Reference sera were tested on each plate
for uniformity of antibody responses between plates.
In practice the smallest measurable zone was
2.5 mm, although it was recognized that the use of
photography might reveal definite zones smaller than
this, difficult to see with the naked eye.

RESULTS

SRD tests were carried out on 2719 sera using
Immunoplates containing A/Hong Kong/1/68
(H3N2) virus (X31 strain) as antigen. Fig. 1 illus-
trates a typical Immunoplate. There was no indica-
tion of obvious differences in the frequency of
antibody in sera from different regions of the United

Fig. 1. A typical Immunoplate showing the reactions of 52 test sera and 2 reference sera
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Fig. 2. Age distribution of SRD antibody to A/Hong-
kong/68 (X-31) virus

Kingdom. The distribution of antibody in individuals
of various age groups is shown in Fig. 2. In all except
those from the youngest age group (0-4 years)
antibody was detected in 50% or more of the test
sera. Only 20% of sera from children of 0-4 years
contained detectable antibody; however, the number
of individuals tested in this age group was small and
the majority were infants in the first year of life.
For 667 sera a comparison was made of the

frequency and levels of antibody detected by conven-
tional HI tests and by SRD tests. The results are
shown in Table 1. It can be seen that the proportion
of sera for which no reaction was detected in SRD
tests was equivalent to the proportion that contained
no detectable HI antibody or levels of 1: 20 or less.
There was also a good correlation between the
proportion of sera that produced zones of 2.5 mm

Fig. 3. HI and SRD antibody to X-31 virus in all age
groups

diameter or greater in the SRD tests and the propor-
tion that gave HI titres of 1: 40 or greater. The
proportion of sera showing HI titres of 1: 160 or
greater was approximately equivalent to the propor-
tion that gave a zone of 3.0 mm diameter or greater,
while the proportion of very high titre sera`(HI titre
1: 640 or greater) corresponded with the proportion
of sera giving zones of 4.0 mm diameter or greater.
The results obtained in the two types of test are
compared diagrammatically in Fig. 3.
For the estimation of antibody to the new variant

A/England/42/72, 537 sera from people of different
ages were tested by both SRD and HI tests using
both A/England/42/72 and A/HK/1/68 virus so that
antibody to each virus could be compared by bath
methods. The results of these tests are showa in
Fig. 4 and 5.

Fig. 4 shows the age distribution of antibody to
A/HK/1/68 and A/England/42/72 viruses by tCa-
SRD test. The differences between the frequency of

antibody to A/HK/1/68 and to A/England/42/7
2

Table 1. Hi and SRD antibody to X-31 virus, all ages

By HI test
Titre

< 10 10-20 40 80 160 320 >640 Total

No. of sera 179 79 67 122 97 59 64 667

Percentage 27 12 10 18 14 9 10 100

By SRD test (diameter measured in mm)
mm

0 2.5 3-3.6 4-4.5 6-5.5 6-8.5 > 7.0 Total

No. of sera 239 186 157 63 14 5 3 667

Percentage 36 28 24 9 2 0.7 0.5 100
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Fig. 4. Age distribution of SRD antibody to A/Hong-
kong/68 (X-31) and A/England/42/72(MRC2) viruses

viruses were striking except in the youngest age
group, under 5 years. In this group the frequencies of
antibody to A/HK/1/68 and A/England/42/72 were
almost identical. In school-age children and young
adults the differences were much greater, with twice
as many reacting with A/HK/1/68 as reacted with
A/England/42/72. Among the older age groups the
difference became smaller. In all about 60% of sera
had antibody to A/HK/1/68 and 34% had antibody
to A/England/42/72. These results can be compared
with those obtained in HI tests (Fig. 5).
The overall proportions of those with antibody to

A/England/42/72 by the HI and SRD tests were
almost identical but for A/HK/1/68 virus the HI test
detected a somewhat higher proportion of sera with

* A/HONGKONGiS8
100~ A/EN0LAN/4M272

CD D DO

Fig. 5. Age distribution of HI antibody at > 40 to
A/Hongkong/68 and A/England/42/72
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Fig. 6. Relationship between zone diameter in the SRD test and antibody titre in the HI test (age group 15-24 years)

antibody than did the SRD test. The HI titres were

compared with the diameter of the zones in the SRD
tests (Table 2). For A/England/42/72 virus a good
correspondence was found, sera with low or negative
HI titres showing no zone in the SRD and those with
increasing HI titres corresponding with increasing
diameter of zones in the SRD tests. With A/HK/1/68,
however, the results of this series were not so clear-
cut and the proportion of sera with low titre or no

antibody was lower than would have been expected
from the proportion without a zone in the SRD test.
A comparison of the results of both tests with

individual sera is shown in Fig. 6. There was a

general correlation between the HI titres and zone

diameter, but also some discrepancies. It was evident
that a proportion of the individual sera with HI titres
of 1: 10-1: 80 failed to give reactions in SRD tests.
In contrast, with very few exceptions, sera that gave

zones of 2.5 mm in diameter or greater possessed
HI antibody of 1: 10 or greater.

DISCUSSION

Several studies have described the impact of the
A/Hong Kong/1/68 influenza on the population of
the United Kingdom (7, 3, 4). It was found that after
the epidemics of the first two winters of prevalence of
this virus approximately two-thirds of the adults'
sera examined had antibody. During the next two
winters (1970-71 and 1971-72) influenza made only a

slight impact on the epidemiological indices, but
laboratory evidence indicated that the A/HK/1/68
virus was nevertheless circulating in the population.
Tests on sera collected for this study measured the

accumulation of antibody over the 4 years of preva-
lence of this virus and indicated that the main
acquisition of antibody was in those first 2 years and
that the second 2 years produced only a small
increase in the total proportion with antibody to the
A/HK/1/68 virus. Little difference was found in sera

from widely separated areas in England, and anti-
body was evenly distributed in all age groups except
the youngest.
The results of tests with the variant A/England/

42/72, which cross-reacts to some extent with
A/HK/1/68 (10), showed that in general only about
one-third of the population had antibody; and in
some age groups-those under 5 and over 35-con-
siderably lower proportions were found. These re-

sults are similar to those already reported (6).
This information was collected by means of the

SRD test, which proved to be easy to perform and
gave reproducible results. When results were com-

pared with the conventional HI tests in a preliminary
series, an almost exact correlation was found between
the frequency of positive and negative sera and the
smallest detectable zone in the SRD test equivalent
to an HI titre of 1: 40 or more. However, discrepan-
cies were frequent in individual sera. This is perhaps
not surprising, since SRD detects antibody to both
haemagglutinin and neuraminidase. In contrast, HI
tests detect only antibody to haemagglutinin, al-
though in some cases (1) antibody to neuraminidase
may produce antihaemagglutinin activity. Although
this was not attempted in the present study, the use

of appropriately selected recombinants enables anti-
body specifically for haemagglutinin or neuramini-
dase to be assayed by this method (9).
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The SRD test appears to have 6 advantages.

1. Slides may be prepared and stored at +4°C for
prolonged periods (several months) and sent to
distant countries by post without deterioration.

2. Serum or even blood may be introduced directly
into wells without the need for a previous dilution
step.

3. No preliminary treatment of serum is required
to remove nonspecific inhibitors.

4. The time interval between setting up tests and
reading results has wide limits and slides may be read
at any time during the next few days.

5. Although the test gave fewer positive reactions
than were detected by HI, when one was observed it
was equivalent to a level of HI antibody (>1: 40)
that may be likely to provide protection (5).

6. By suitable modifications of the SRD test, it is
possible to assay antibody to haemagglutinin and
neuraminidase independently.
Two possible disadvantages of the test are: (1) a

high concentration of virus is required, which makes
it necessary to prepare recombinants with both high
growth potential and the required antigenic charac-
teristics; and (2) the preparation of the antigen
would be laborious for small-scale work.

ACKNOWLEDGEMENTS

We should like to thank the Directors of the Public
Health Laboratories who sent us sera: Dr H. R. Cayton,
Bristol; Dr G. R. E. Naylor, Cambridge; Dr G. C.
Turner, Liverpool; Dr P. R. Mortimer, Teesside; and
Dr D. J. H. Payne, Portsmouth.

We should like to thank Dr D. Breeze and Dr D.
Palmer of Evans Medical Ltd., who kindly supplied us
with some of the antigen.
We should also like to thank Mr P. Cunningham for his

excellent technical assistance.

RE,SUME

EMPLOI DE LA TECHNIQUE DE DIFFUSION RADIALE UNIQUE DANS LES ENQUtTES
SUR LES ANTICORPS ANTIGRIPPAUX

On a men6 une enquete sur la prevalence des anticorps
dirig6s contre le virus grippal A/Hong Kong/1/68 (H3N2)
et contre le variant A/England/42/72 (H3N2) dans
des s6rums recueillis dans diverses r6gions d'Angle-
terre. Deux methodes ont 6te utilis6es: l'inhibition de
l'hemagglutination (IH) et la diffusion radiale unique
(DRU).
En comparant les deux epreuves sous le rapport de la

sensibilite, on a constate que la proportion des serums

produisant des zones d'opalescence de 2,5 mm ou plus
dans l'epreuve DRU etait 6quivalente A la proportion des
s6rums donnant des titres IH de 1: 40 ou davantage.
Les tests ont d6ceIe la pr6sence d'anticorps anti-virus
A/HK/1/68 dans 70% des serums et celle d'anticorps
anti-virus A/England/42/72 dans 35% seulement des
6chantillons examin6s. La m6thode DRU s'est rev16e
pr6senter plusieurs avantages pratiques pour les 6tudes
sero-epid'miologiques.
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