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SUMMARY Sera from 1258 individuals have been tested by four laboratories for rubella antibody
by both the haemagglutination-inhibition and single radial haemolysis techniques. There was good
agreement between the results obtained by the two methods. Although sheep red blood cells were

used in the single radial haemolysis plates, no problems were encountered with sera from patients
with infectious mononucleosis.
The single radial haemolysis technique was found to be simple, convenient, and reliable, and

suited to the rapid screening of large numbers of sera to assess susceptibility to rubella in the context
of a vaccination campaign. However, since the technique does not detect anti-rubella IgM, it
should not be used as the only test to investigate suspected recent infection.

The haemagglutination-inhibition (HAI) test is at
present the one most widely used for detecting
antibodies to rubella virus. However, this test
is laborious and time-consuming to perform:
sera must be pretreated to remove non-specific
inhibitors; they may require absorption to remove
red cell agglutinins; and they must be individually
diluted. In addition, the test involves a large number
of variables which can give rise to poor reproduci-
bility (Gust et al., 1973).
The single radial haemolysis (SRH) technique

was first developed to detect and measure influenza
antibody (Russell et al., 1975; Schild et al., 1975)
and, because of its simplicity, accuracy, and re-
producibility, has now been used for detecting
antibodies against rubella virus.
We here report an evaluation of the SRH tech-

nique as a replacement for the HAI test in the
routine screening of large numbers of sera for
rubella antibody.

Material and methods

RUBELLA SRH TECHNIQUE
Each SRH plate contained a 1% agarose gel
(Indubiose A37, l'Industrie Biologique Francais
S.A., Gennevilliers, France) with 0-1 % sodium
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azide as a preservative. Sheep red cells with rubella
HA antigen (Wellcome Reagents Ltd, Beckenham,
Kent) chemically bound to their membranes were
suspended at a concentration of 2Y% in this gel,
and 3 mm diameter wells were cut in it.

Sera were examined undiluted. A 10-,ul volume
of test serum was added to each well and allowed
to diffuse through the gel overnight at 40C. The gels
were then flooded with a 1:10 dilution of guinea-pig
complement (Wellcome Reagents Ltd) and incubated
in a humidified atmosphere at 370C for three hours.
Plates were examined immediately or fixed in 10%
formol saline. The diameters of the zones of haemo-
lysis were then measured, and the corresponding
annulus areas were calculated (total area minus
area of well).

Since some human sera contain sufficient anti-
sheep red blood cell antibody to produce a very
small zone of lysis, sera were defined as SRH-
positive only if the area of lysis exceeded 5 mm2,
that is, the lysis extended more than 0-5 mm from
the edge of the well.

RUBELLA HAI TECHNIQUE
Each participating centre used its routine HAI
technique based on the method of Halonen et al.
(1967) but individually modified, as detailed in
Table 1.

Sera were pretreated with kaolin to remove non-
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Table 1 Variations in HAI technique

Centre Incubation time of Lowest serum Source of
serum antigen mixture dilution erythrocytes
(HRS) tested

A 3 1 in 10 Day-old chick
B 1 1 in 8 Pigeon
C 1 1 in 8 Day-old chick
D Overnight 1 in 10 Pigeon

specific inhibitors. Rubella haemagglutination anti-
gen was supplied by Dr C. M. P. Bradstreet,
Standards Laboratory for Serological Reagents,
Central Public Health Laboratory, Colindale,
London.
Human sera containing known levels of rheuma-

toid factor, as measured by the Rose-Waaler
technique (Ball, 1950), were supplied by the Regional
Immunology Laboratory of East Birmingham
Hospital.

DESIGN OF TRIAL

Four laboratories participated in the trial: the
Central Public Health Laboratory, Colindale,
London, the School of Pathology, Middlesex
Hospital Medical School, London, the Regional
Virus Laboratory, East Birmingham Hospital,
Birmingham, and the Public Health Laboratory,
St Luke's Hospital, Guildford, Surrey.
SRH plates were prepared at the Wellcome

Research Laboratories and posted at weekly
intervals to the participating laboratories with a

request that they should be used within 14 days of
receipt. Standard positive and negative control sera
were provided. Human sera were screened at each
centre by both HAI and SRH. Laboratory A
examined unselected sera, while the other labora-
tories included in their series a number of sera known
to have low HAI titres or to have given negative
results at the lowest dilution tested. Except where
specified, sera were tested by SRH after heat
inactivation at 56°C for 30 minutes but were other-
wise untreated and undiluted.

Results

HEAT INACTIVATION OF SERUM
In the initial stages of the trial all sera were tested
by SRH both before and after heating at 56°C
for 30 minutes in order to destroy complement
activity. The SRH results with 146 unheated sera
from centre A gave a reasonably good correlation
with the HAI results. However, although the cal-
culated correlation coefficient was 0-82, three sera
produced anomalous results: two with confirmed
HAI titres of < 1:10 each gave SRH zones of

43 MM2 and 46 mm2 respectively, and one with an
HAI titre of 1:80 produced a zone of only 7 mm2.
The same 146 sera, when tested after heat inacti-

vation, gave a correlation coefficient of 0-89, and
the anomalies were eliminated. All subsequent
results were obtained from heat-inactivated sera.

CORRELATION OF SRH AND HAI
Figure 1 shows HAI and SRH values obtained for
602 heat-inactivated sera tested by centre A. Each
point represents a single determination by each
technique on a single serum sample. The solid
line indicates the calculated regression line for the
two test methods, and the dotted lines indicate
limits at ±1 doubling dilution in the HAI test.
The correlation coefficient was calculated to be
0-89. Similar data from centre B are presented

.-

Fig. 1 Correlation between SRH zone area and HAI
titre for 602 human sera tested by centre A. The solid
line indicates the calculated regression line for the two
test methods, and the dotted lines indicate limits at ±
doubling dilution in the HAI test.
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Fig. 2 Correlation between SRH zone area ai
titre for 304 human sera tested by centre B. Th
line indicates the calculated regression line for,
test methods, and the dotted lines indicate limit
doubling dilution in the HAI test.

in Fig. 2. The correlation coefficient
from the 304 sera tested was 0-86.
The scatter of points about the regressi

Figs. 1 and 2 is a measure of the combir

of both test methods. No firm conclusions can be
drawn about the reliability of either test method
from these data alone. However, centre A tested
146 sera twice by SRH, and from the results a
two-way table has been constructed comparing the
first and second estimates (Table 2). In general,
the agreement between the two sets of SRH data

/ , is satisfactory, but four sera, known to be HI-
positive, gave widely discrepant results on replicate

/ testing. These discrepancies could be attributed
to the failure to observe some of the fainter radial
haemolysis zones when plates were examined
microscopically. As these zones were clearly visible

* when the plates were examined macroscopically,
* this method of examination was adopted.

A more general analysis of the correlation
between the HAI and SRH techniques for the four
participating laboratories is given in Table 3, from
which it can be seen that an overall discrepancy
rate of 5 96%. was achieved. In all, 75 discrepant
sera were found out of a total of 1258. Of these, 46
(61 %) were sera which fell on the borderline between
positive and negative in one or other test. The results
from centre B contained 37 of these borderline
sera, since this laboratory deliberately chose to
include a large number of sera known to contain
low levels of rubella HAI antibody. The presence

-ia of such a high proportion of borderline sera in
their sample explains the apparently high discrepancy

512 >512 rate from this centre.
Where possible, the remaining sera were re-

examined. Seven were no longer available, and a
nd HAI further six, when retested, gave compatible results
e solid by the two techniques, suggesting an operator error
the two in the first test. Sixteen sera consistently gave
s at+ anomalous results and were subjected to further

examination, as detailed below.
calculated

Sera containing IgM
ion line in Fourteen sera were found in the course of these
ned errors trials which, while positive for rubella antibody by

Table 2 Distribution ofSRH areas (mm2): centre A

2nd result Ist result

0-25 2-6-5 5 5-10 105-20 20-5-40 40 5-80 > 80 Total

0-2 5 32 2 34
2-6-5 1 1 2
55-10 1 1 2

10-5-20 2 2

20-5-40 1 1 26 10 38
40-5-80 1 7 50 1 59
> 80 9 9

Total 34 1 1 2 38 60 10 146
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Table 3 Summary ofHAI and SRH results

Centre No. ofsera tested Agreement: SRH and HAI both Disagreement Discrepancy
rate

Positive Negative SRH positive, SRH negative, %
HAI negative HAIpositive

A 602 497 92 10 3 2-16
B 304 150 109 38 7 148
C 139 9 125 4 1 3-6
D 213 127 74 9 3 56

Total 1258 783 400 61 14 5-96

Sera defined as negative have HAI titres of 1:10 or less or give SRH zones of 5 mm' or less.

HAI, produced no significant zones of lysis in the
SRH test. Fractionation of 10 of these sera on
sucrose density gradients and examination of the
fractions for the presence of IgM or IgG antibodies
by immune-double-diffusion using specific anti-
human IgM and IgG sera (Wellcome Reagents Ltd)
and for rubella antibody by HAI detected six sera
in which anti-rubella antibody was predominantly
IgM.

Further tests of the fractions by both HAI and
SRH showed that, while anti-rubella antibody
in the IgG-rich fractions could be detected by means
of either technique, specific antibody in the form
of IgM could be detected only by means of the HAI
test. These results were confirmed with unfraction-
ated serum samples-four which contained pre-
dominantly HAI-positive IgG (titres 1/80 - 1/320)
gave SRH zones of 51-64 mm2, while four containing
a preponderance of HAI-positive IgM (titres
1/160 - 1/320) were negative by SRH.

Influence of rheumatoidfactor
Three of the 14 sera which were SRH-negative
but had HAI titres of 1/16 - 1/32 were found
by centre B to contain rheumatoid factor. These
sera did not contain detectable amounts of anti-
rubella IgM.

Since Yanez et al. (1966), Spruance and Smith
(1971), and Ogra et al. (1975) have suggested a
connection between rheumatoid arthritis and rubella,
it was possible that rheumatoid factor might interfere
with the rubella SRH test. Therefore a further 22
sera having rheumatoid factor titres ranging from
1:256 to 1:4096 and also having rubella HAI titres
from > 1:8 to 1:256 were examined by the rubella
SRH technique.
A common feature was observed in over half the

sera containing both rubella HAI activity and
rheumatoid factor. Immediately surrounding the
well was an area without haemolysis but with a 'halo'
of lysis 2-3 mm from the edge of the well. The
nature of this phenomenon is not known, but it is
possible that in sera with low HAI titres the small

zone of haemolysis would be obscured. The 22 sera
containing rheumatoid factor included four having
rubella HAI titres between 1/16 and 1/32. All of
these four sera were recorded as positive by SRH.

Influence of heterophile antibodies
Sera from cases of infectious mononucleosis contain
heterophile antibodies which can agglutinate sheep
erythrocytes and might therefore also react with the
sheep red blood cells in rubella SRH gels.

Centre A obtained 17 sera positive in the Paul-
Bunnell test and 16 positive plasma samples. These
were tested for rubella antibody by both HAI and
SRH. The HAI titres ranged from < 1:10 to> 1:640,
and the SRH zones from 0 to 106 mm2. The correla-
tion between the HAI and SRH results (r = 0'87)
was not significantly different from that of Paul-
Bunnell negative sera. There was no apparent
difference in the behaviour of serum or plasma
samples.
The Paul-Bunnell positive samples were tested

also in negative control SRH gels containing
sheep erythrocytes but without rubella antigen.
Measurable SRH zones were formed by only four
out of the 33 samples, the largest zone being only
5*5 mm2 in area.
Thus out of 1258 sera only 10 (including three

sera positive for rheumatoid factor), or 0 79 %,
were found which consistently gave inexplicably dis-
crepant results by the two techniques used.

Discussion

In the work presented here, involving the testing
in four different laboratories of sera from 1258
individuals, the SRH technique was found to be
simple, convenient, and reliable. The technique is
therefore well suited to rapid screening of large
numbers of sera. No problems have been encoun-
tered with sera from patients with infectious mono-
nucleosis, and the results have shown good agree-
ment with those obtained by HAI.
Skaug et al. (1975), Strannegard et al. (1975),
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and Grillner and StrannegArd (1976) have described
similar SRH techniques for the estimation of
rubella antibodies. They preferred to use chick or
pigeon rather than sheep erythrocytes in their
tests, but our results show that sheep erythrocytes
are perfectly satisfactory when the antigen is
irreversibly coupled to the cells by chemical
means and not merely by virtue of its haemag-
glutinin.
The use of sheep erythrocytes does not appear to

reduce the specificity of the technique. Although
some human sera do contain antibodies which
react with sheep erythrocytes, these produce very
small zones of total lysis which rarely extend as
far as 1 mm from the edge of the well, and even
the Paul-Bunnell positive sera which have been
tested caused no problems. Thus in this trial it
has not proved necessary to pre-absorb the sera
with sheep erythrocytes.
As our results indicate, and as Skaug et al. (1975)

and Grillner and StrannegArd (1976) have noted,
heating sera at 56°C for 30 minutes before testing is
recommended in order to eliminate the non-specific
effects which otherwise occur with a small number of
sera.
Our finding that specific IgM antibodies could

not be detected by means of the SRH technique
confirms the work of Strannegard et al. (1975).
Since in other systems IgM is more efficient at
complement fixation than is IgG, this result is
surprising. However, there are other reports in the
literature of the inability of anti-viral IgM to fix
complement (Graves et al., 1964; Bellanti et al., 1965;
Schmidt et al., 1968; Banatvala, 1969; Scott and
Russell, 1972). The reason for this is not yet known
but may be either because some viruses may elicit
the production of a previously unknown non-
complement fixing IgM or because the spacing of
antigens on the viral surface affects the binding of
IgM to them.
There is some confusion over the relationship

between antibody concentration and zone size
found in single radial diffusion systems (Berne, 1972).
Skaug and co-workers (1975) and Grillner and
StrannegArd (1976) have reported a linear relation-
ship between SRH zone diameter and the log of the
antibody concentration, whereas our data indicate
that it is the area of the zone of haemolysis that
relates linearly to the log of antibody concentration
(Figs 1 and 2). This divergence probably reflects
such factors as the stability of the red cell antigen
complex, the time allowed for diffusion, the tem-
perature at which diffusion takes place, and the
concentration of agarose used in the different
systems. The relationship we have established
allows the use of a simple rule of thumb: a doubling

of the antibody concentration is equivalent to an
increase of 13 mm2 in the area of haemolysis, an
approximation which is reasonably accurate over
the range of antibody titres likely to be encountered
in human sera.
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