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Single-radial-complement-fixation:
a new immunodiffusion technique
Assay of the antibody response to the type-specific antigens of influenza virus in
post-infection human sera

L. R. HAAHEM 1
A new immunodiffusion technique in agarose gel for the quantification of complement-

fixing antibodies is described. The test involves the incorporation ofantigen and complement
in a prinary agarose gel. Heat-inactivated serum samples are allowed to diffuse radially
from wells overnight at 4°C. A secondary gel, containing antibody-coated sheep erythro-
cytes, is layered on top of the first gel and the system is incubated for 45 min at 37°C.
Where complement is fixed, i.e., around wells with positive serum samples, zones of unlysed
cells appear. There is a straight line relationship between zone areas so produced and log2
serum titres obtained with the conventional complementfixation test. The method appears to
be applicable to a variety of antigens. It has been found suitable for bacterial and viral
antigens. The test can also be reversed, thus allowing the quantification ofdiffusible antigens
in a gel containing immune serum and complement. This paper describes in detail the use of
this method as a diagnostic toolfor the assay of complement-fixing antibodies to the type-
specific antigens of influenza virus in paired human sera.

A new test for the assay of antibodies to influenza
virus, based on the passive haemolysis of virus-
coated red blood cells in the presence of comple-
ment, has recently been described by Schild et al. (4).
The same method, with some modifications, was
employed by Skaug et al. (5) for the determination
of antibodies to rubella virus. A prerequisite for
these tests is the ability of the antigen to bind to
erythrocytes. Furthermore, antibodies to the internal
antigens of influenza virus cannot be assayed by this
method and only IgG seems to mediate haemolysis
of the carrier cells.
The method described in this paper is not depen-

dent on the binding of antigen to erythrocytes. In-
stead, the antigen is incorporated in an agarose gel
together with complement. After the serum samples
have been allowed to diffuse radially from wells
overnight at 4°C, an indicator gel consisting of
antibody-coated sheep erythrocytes is layered on top
of the first gel. After 45 min at 37°C, the unfixed
complement lyses the indicator red cells. Around
positive serum wells, zones of unlysed erythrocytes
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appear. The method will be described in detail for
the assay of complement-fixing antibodies to the
type-specific antigens of influenza virus in paired
human sera.

MATERIALS AND METHODS

Virus antigens

Type-specific antigens of influenza A and B viruses
were obtained from disrupted chorioallantoic mem-
branes of embryonated chicken eggs allantoically
infected with the A/PR/8/34 (HONI) and B/Lee/40
strains according to standard procedures (1). Analy-
sis by polyacrylamide gel electrophoresis with SDS
and 2-mercaptoethanol (6) showed these antigen pre-
parations to contain both ribonucleoprotein (NP)
and matrix protein (MP) in addition to proteins of
host origin. This antigen material was always used in
the serological tests performed in this study.

Human sera

Acute and convalescent paired serum samples
were obtained from individuals with a tentative diag-
nosis of influenza.
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Rabbit sera
Rabbits were injected with purified NP from

A/PR/8/34 virus isolated by electrophoresis on cel-
lulose acetate strips after disruption with sodium
sarkosyl sulfate (Ciba-Geigy, United Kingdom) by
the method of Oxford & Schild (3). The identity and
purity of the antigen was assessed by polyacrylamide
gel electrophoresis. The first blood sample was taken
7 days after a subcutaneous injection of 50 jug of
antigen in Freund's complete adjuvant. A second
sample was taken 4 weeks after immunization.

Goat sera
Goat anti-rabbit IgM (,u-chain specific) and goat

anti-rabbit IgG (y-chain specific) sera were obtained
from Dynatech AG, Switzerland.

Separation ofIgG and IgM
Sucrose-gradient ultracentrifugation was done by

the method of Vesikari & Vaheri (7). In order to
avoid aggregated IgG co-migrating with IgM, the
sucrose gradient and serum samples were made up
with 0.05%4 sodium sarkosyl sulfate.

Immuno-double-diffusion (IDD)
The test was performed in L.0°Y agarose (Indu-

boise A-37, Industrie biologique frangaise, Gennevil-
liers, France) in saline solution. 10-,ul volumes of
ultracentrifuged rabbit serum fractions were each
placed in 3-mm-diameter peripheral wells. The
centre well contained goat anti-rabbit ,u-chain or y-
chain sera. The distance from the centre well to the
peripheral wells was 7 mm (edge to edge).

Complement fixation test (CFT)
This test was done as described by Grist et al. (1),

except that all reagents were used in 0.1-ml volumes.

Haemolytic serum

Rabbit antiserum to sheep erythrocytes was ob-
tained commercially (Wellcome Reagents Ltd,
United Kingdom).

Preparation of single-radial-complement-fixation
(SRC-fix) plates
The general methods described by Schild et al. (4)

for the preparation of single-radial-haemolysis plates
were followed. Throughout the procedure, the di-
luent used was veronal buffer, pH 7.2, with 0.1°/
sodium azide added as a preservative (1). Guinea-pig
serum, stored at - 70°C, was used as the source of
complement.

Stock preparations of antigen were diluted to give
a final concentration in the gel of approximately
3 antigenic units in a standard CFT. Normally
0.1 ml of undiluted guinea-pig serum was employed
per plate; this represents approximately four 50%/O
haemolytic doses (4 HD50) in a standard CFT.
To 2.4 ml of 1.5%. molten agarose kept in a water

bath at 45°C was rapidly added 0.3 ml each of
antigen and complement solutions. After mixing
well, the final solution was poured into an empty
plastic immunoplate (Hyland Laboratories, Costa
Mesa, CA, USA). After gelation, wells were cut out
by means of a plastic template and a steel punch
with a 4-mm bore.

SRC-fix test procedure
To each well was added 10 ,ul of heat-inactivated

serum. Plates were then set aside for 16 h (unless
otherwise stated) at 4°C. The indicator gel was pre-
pared as follows:
Equal volumes of 2% antibody-coated sheep ery-

throcytes and agarose gel were mixed at 45°C. 1 ml
of this preparation was layered on top of the first gel.
After gelation, the plate was incubated for 45 min at
37°C. Where complement remained unfixed it dif-
fused into the secondary gel and caused lysis of the
indicator red cells. Thus, zones of unlysed cells
appeared around wells with positive sera. As a con-
trol for any anticomplementary effect, sera were
tested in plates containing buffer instead of antigen.
In the course of this investigation, nonspecific fixa-
tion of complement was not seen more frequently in
SRC-fix than in the conventional CFT. Anticomple-
mentary sera were treated by standard methods (1).

In order to enhance the contrast between lysed
and unlysed red cells, the plates were soaked in
buffer for 2-3 h at room temperature.

RESULTS

Standardization of reagents
The sensitivity and resolution of the test depended

on several parameters, the most critical being the
concentrations of complement and antigen. The time
allowed for the serum samples to diffuse into the gel
was also important. When it came to sensitizing the
sheep erythrocytes with haemolysin, the same condi-
tions as described for the conventional CFT were
used (1). In the preliminary studies, a pool of posi-
tive human sera was diluted twofold serially and
tested in plates containing different concentrations
of antigen and complement. The results of these
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Table 1. Coefficient of variation of zones obtained by
SRC-fix

Mean zone size Standard oefvaiationt
Serum No. in mm: (A) a deviation (SD) (f va)ia1ion

133 72.4 2.3 3.2

8 42.9 3.4 7.9

9 54.1 3.0 5.5

a Mean of readings from 10 wells.

initial experiments were plotted as zone area of
unlysed erythrocytes against log2 of serum dilutions.
This way of presenting the data gave a straight-line
relationship. The intercept of the regression line with
the area axis and the slope of the regression line were
calculated for each experiment. With increasing con-
centration of antigen, the slope became steeper (i.e.,
there was a higher level of discrimination between
sera of different titres) while the intercept with the
area axis approached zero (i.e., there was less overall
sensitivity). Increasing the length of diffusion time
for serum samples or reducing the concentration of

Fig. 1. Dose-response relationships for three positive
human sera after an influenza A infection. Serum 1:
CFT titre of 1: 640; serum 2: CFT titre of 1: 320;
and serum 3: CFT titre of 1; 60.

complement increased both slope and intercept. The
conditions described above under methods represent
the best practical compromises and were followed
throughout.

Reproducibility of the SRC-fix test
Table 1 shows the results of calculating the coeffi-

cient of variation (standard deviation/mean) for
three different sera. The values ranged from 3.2% to
7.9%. Further analysis revealed that when paired
human sera were investigated, an increase in zone
size of more than 40%. could be considered statisti-
cally significant. This represents a difference in anti-
body potency of approximately 1 102 step in CFT
and is a twofold improvement compared with CFT.

Dose-response relationship and specificity
Serial twofold dilutions of three different sera

obtained from persons recently infected with influ-
enza A virus were assayed by SRC-fix. The area of
the zones of unlysed cells were plotted against log2
serum dilution. As seen from Fig. 1, good linear
relationships were obtained for the three sera with
correlation coefficients close to 1.0. The slopes of the
three lines were found to be identical. Plates contain-
ing B antigens failed to produce measurable zones
and plates with no antigen did not reveal any anti-
complementary effect of the sera. The CFT titres of
the sera were 1: 640, 1: 320, and 1: 60. Fig. 2 shows
a SRC-fix plate for two influenza A-positive sera
tested in twofold dilutions.
When acute and convalescent influenza A or B

sera were tested in SRC-fix and CFT, both tests

1:1 1:2 1:4
Fig. 2. Dose-response assay of twofold dilutions of
two positive human sera. Upper row: serum with a
CFT titre of 1: 320; lower row: serum with a CFT
titre of 1: 640.
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Table 2. Comparison of specificities of conventional CFT and SRC-fix for acute and
convalescent human influenza sera

Serum pair no.
Test Antigen

1441 131 7 130 96

cFT a < 5-< 5 5-5 5-80 7.5-7.5 < 5-60
A

SRC-fix b 12-14 26-35 30-90 35-43 20-69

CFTa < 5-5 5-240 < 5-< 5 5-120 5-5
B

SRC-fix b 16-20 trC-101 14-18 trC-86 38-43

a Acute and convalescent serum, reciprocal titres.
b Zone size (in mm2) of unlysed erythrocytes.
c Trace.

showed the same specificity (Table 2). Serum pairs
with an increase in antibody to type-specific B anti-
gens in CFT showed increases in zone areas in plates
with B antigens whereas no increase could be seen in
plates with A antigens. The reverse was observed for
paired sera after influenza A infection.

Fig. 3 shows the plot of zone areas in SRC-fix
against log2 CFT titre for 40 different sera. There is a
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Fig. 3. Plot of zone areas in SRC-fix and log2 titres in
CFT for 40 post-infection human influenza A sera. The
correlation coefficient for the regression line is 0.81.

straight-line relationship with a correlation coeffi-
cient of 0.81.

Performance of SRC-fix in serodiagnostic work

In all, 60 paired sera from individuals having a
tentative diagnosis of influenza A infection were
tested. The sera were divided into three groups of 20
according to the results obtained in CFT: stationary
CFT titres, twofold rises, or fourfold rises. The
results are presented in Table 3. Of the 20 pairs with
stationary titres in CFT, three showed an increase in
zone area of more than 40%° in SRC-fix. Of the 20
pairs with twofold rises in CFT, 14 showed signifi-
cant increases in SRC-fix. For those sera with a
fourfold or greater rise in CFT, all pairs showed a
significant increase in SRC-fix. For the 60 pairs
tested, the overall agreement was 72%. Therefore,
the SRC-fix method appears to be a useful alterna-
tive procedure for detecting increases in antibody in
paired human sera.

Assay of rabbit IgG and IgM
The first and second blood samples from rabbits

immunized with purified NP antigen from A/PR/8/
34 virus were subjected to sucrose gradient ultracen-
trifugation in order to separate IgG and IgM.
Table 4 presents data obtained by applying 5-,l
volumes of serum fractions in a SRC-fix plate con-
taining type-specific A antigens. Thirty wells 2 mm
in diameter were punched out. No attempt was made
to remove sucrose from the fractions. The time
allowed for diffusion was 36 h. Table 4 clearly shows
that both IgG and IgM, located in fractions 12-19
and 3-6, respectively, gave positive reactions. The
pooled fractions 12-19 and 3-6 were dialysed against

7 8 9 lo
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Table 3. Comparison of conventional CFT with SRC-fix in detecting increases in
antibody to type-specific influenza A antigen in paired human sera

Rise in CFT titres Increase in SRC-fix
No of pairs tested zone diameter Agreement

None 2-fold >4-fold 0-40 % > 40 % (%)

20 20 17 3 85

20 20 6 14 30

20 20 20 100

Total 60 20 20 20 23 37 72

Table 4. Performance of rabbit IgG and IgM in SRC-fix. IgG and IgM were separated by sucrose gradient ultra-
centrifugation. Fraction 1 is from the bottom of the centrifuge tube, fraction 22 from the top. Type-specific antigens
from A/PR/8/34 virus were incorporated in the immunoplate. Blood sample I was taken 1 week and sample 11 4
weeks after immunizing rabbits with purified NP from the same virus. Scores (-, +, 2+, 3+) were assessed by visual
inspection of the plate

Serum fraction No.
Blood sample

1 2 3 4 5 6 7 (8.11) 12 13 14 15 16 17 18 19 (20.22)

-I- (+)3+ 2 + - - - - - - (+) - _ _ -

11 - - - + (+) (+) - - (+) + 2+ 2+3+ 2 + + + (+) _

saline solution and tested in IDD against goat anti-
rabbit IgM (,u-chain specific) serum and goat anti-
rabbit IgG (y-chain specific) serum. Only the pooled
fractions near the bottom of the centrifuge tube gave
positive reactions with anti-,u serum and only the
pooled upper fractions reacted with the anti-y serum.
These results indicate that both IgG and IgM can be
assayed by SRC-fix.

DISCUSSION

The conventional CFT is a rather time-consuming
and complicated method. Also, when dealing with
twofold dilutions of serum, the difference in titre
between the acute and convalescent serum samples
must be fourfold or greater for it to be considered
significant. The method described in this paper
seems to be more sensitive in detecting increases in
titre than the conventional test. Although consider-
able preliminary work was done in order to find the
optimal conditions for this new test, it was re-

peatedly found that good results could be obtained

with a range of concentrations. Having standardized
large batches of antigen, complement, and haemo-
lysin, the test can be carried out for months at a time
without any need for further standardization.
The SRC-fix method may serve as an alternative

to the conventional CFT in serodiagnostic work. It
was tested during the influenza season of 1975-1976
and found to perform excellently. However, techni-
cians with no prior experience of immunoplates may
need some time to familiarize themselves with the
method. In particular, the preparation of the sec-
ondary gel often fails owing to the mixing of hot gel
with cold erythrocyte suspension; the sheep blood
cells must be allowed to reach 450C before they are
mixed with the agarose gel. If the secondary gel fails
to give a uniform layer of erythrocytes, it can im-
mediately be washed off by holding the immunoplate
under running tap water; a new secondary gel can
then be introduced.

It also appears that both IgG and IgM can be
assayed by this method. Whether humans have IgM
antibodies to the type-specific influenza antigens is
not fully known, but the results obtained with rabbit
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IgM antibodies clearly suggest that there are no
restrictions on IgM molecules in this system, pro-
vided that enough time is allowed for their diffusion
into the gel.
The most significant advantage of this new test,

apart from its ability to measure both IgG and IgM
antibodies, is its general applicability. It has been
found to work for Friend leukaemia virus (E. Tj0tta,
personal communication, 1976), vaccinia virus,
intact influenza virus, and Bordetella pertussis. Also,
it is possible to reverse the technique by incorporat-
ing an immune serum and complement in the pri-
mary gel, thus allowing the quantification of dif-
fusible antigens in the wells.

Another variation of the test is the incorporation
of virus-infected cells in the primary gel, thus mak-
ing it possible to quantify antibodies to viral anti-
gens on the cell surface (E. Tj0tta, personal com-
munication, 1976).
The test antigens used in this study were mixtures

of the two internal type-specific antigens NP and
MP. Consequently, the results obtained do not dis-
tinguish between the antibody responses to each of
these two antigens, which must be considered out-
side the scope of routine serodiagnostic work. How-
ever, a more detailed study of antibody response to
each of these antigens following vaccination or infec-
tion will be published elsewhere (2).

RESUME
UNE NOUVELLE TECHNIQUE DE FIXATION DU COMPLEMENT PAR IMMUNODIFFUSION RADIALE SIMPLE

TITRAGE DES ANTICORPS CONTRE LES ANTIGENES DE VIRUS GRIPPAUX DE TYPE SPECIFIQUE DANS DES SERUMS
PROVENANT DE CONVALESCENTS

Cet article decrit une nouvelle technique d'immuno-
diffusion en gel d'agar pour l'estimation quantitative des
anticorps fixant le complement. L'antigene et le compl-
ment ayant ete incorpores dans une premiere couche de
gel d'agar, la diffusion d'echantillons de serum inactiv6s
par la chaleur s'effectue A partir de puits au cours de la
nuit, A une temperature de 4°. Pour determiner le degre
de fixation du complement, un deuxieme gel contenant
des erythrocytes de mouton recouverts d'anticorps est
depose sur le premier. Cet ensemble est soumis A une
incubation A 370 pendant 45 minutes. Des zones de cel-
lules non lysees apparaissent 1 ou le complement a ete
fixe, c'est-A-dire autour des puits contenant des echantil-
Ions de serum positifs. Dans les autres cas, le complement
diffuse dans le gel qui constitue la couche superieure et
provoque la lyse des erythrocytes.
Ce test peut etre execute avec toute une serie d'anti-

genes. On l'a notamment utilise en liaison avec Borde-
tella pertussis, des virus grippaux intacts, des antigenes de
virus grippaux de type sp6cifique, le virus de la vaccine et
le virus de la leucemie de Friend. La methode peut etre
employee pour le titrage des deux classes d'anticorps
IgG et IgM. On peut egalement l'inverser pour mesurer la
quantite d'antigene pouvant diffuser dans un gel conte-
nant l'antiserum et le complement.

L'article fournit aussi des details sur l'emploi de cette
epreuve pour le titrage A des fins diagnostiques des anti-
corps fixant le complement en presence d'antigenes de
virus grippaux de type specifique dans des echantillons
appari6s de serum humain. Elle s'est revel6e environ deux
fois plus sensible que l'epreuve classique de fixation du
complement pour la detection d'une elevation substan-
tielle du taux d'anticorps dans des echantillons de serum
humain apparies.
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