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The hemolysis-in-gel method for detection of antibodies to rubella virus gave
results which correlated well with results of hemagglutination inhibition and
neutralization tests. With a diffusion time of 24 or 48 h, a linear correlation was
obtained between the logarithm of antibody concentration and the diameter of
the hemolytic zone. Fourfold, and even twofold, differences in serum antibody
concentrations were shown to give statistically significant differences in hemo-
lytic zone diameters. It could therefore be concluded that the hemolysis-in-gel
test is well suited for the serological diagnosis of primary rubella infection,
as well as of reinfection. The sensitivity of the hemolysis-in-gel test was com-
parable to that of the hemagglutination inhibition test. Pigeon erythrocytes
were superior to sheep erythrocytes for use in the test. Studies of the antibody
response after natural rubella infection or vaccination showed that the ap-
pearance and persistence of antibodies measured by hemolysis in gel is similar

to that of hemagglutination inhibition antibodies.

Hemolysis-in-gel (HIG), or single radial he-
molysis, has recently been described for detec-
tion of antibodies against influenza and rubella
viruses (10-12). The results obtained by this
method correlated well with those obtained by
hemagglutination inhibition (HI), and this sug-
gested that the HIG test may be of great value
for routine screening of large numbers of serum
samples.

In the present study we have further evalu-
ated the use of this technique for diagnosis of
rubella infection and for determination of sero-
logical response to rubella vaccination and
have studied the correlation between HIG, HI,
and neutralization (NT) tests for screening for
rubella immunity. A comparative study was
also made of the use of sheep and pigeon
erythrocytes in the test.

MATERIALS AND METHODS

Patients. Sera were obtained from women vac-
cinated against rubella postpartum. All women had
been tested during pregnancy in antenatal clinics
and those who were susceptible to rubella, i.e., had
an HI titer of 10 or less, were vaccinated within 4
days after delivery. Blood samples were obtained 8
weeks and 2 years after vaccination. Sera were
inactivated and stored at —20 C until tested.

Rubella vaccines. The Cendehill (Smith, Kline
and French Laboratories), the HPV-77 DE-5 (Merck,
Sharp and Dohme) or the RA 27/3 (Burroughs Well-

come) rubella vaccine strains were injected subcu-
taneously. Twenty-one women received the Cende-
hill, 18 received the HPV-77 DE-5, and 16 received
the RA 27/3 vaccine.

Rubella antigen. Rubella hemagglutination (HA)
antigen from Wellcome laboratories was used
throughout the study (lot K 0516).

Agarose. Agarose from Behringwerke (Marburg/
Lahn, West Germany) was used at a 1.6% concen-
tration in Roswell Park Memorial Institute medium
(RPMI 1640, Flow laboratories, Irvine, Scotland). In
some of the experiments Indubiose A-37 (L'Industrie
Biologique Francaise) was used dissolved in phos-
phate-buffered saline (PBS), pH 7.2, to give a final
concentration of 1.5%. Both types of agarose were
dissolved at 100 C for 30 min and then cooled to
46 to 47 C.

Erythrocytes. Pigeon or sheep erythrocytes were
collected in Alsevers solution and washed three to six
times in PBS before use. A 50% erythrocyte sus-
pension in PBS was used for incubation with antigen.
In some experiments trypsin-treated sheep erythro-
cytes were prepared as described by Quirin et al. (9).

Performance of the HIG test. The following pro-
cedure was used. Rubella antigen was diluted to
correspond to 4 HA units/0.025 ml in the hemag-
glutination test, which corresponded to a ratio of
about 300 HA units/0.025 ml of a 50% erythrocyte
suspension. RPMI medium was used as diluent and
1.75 ml of the antigen dilution was incubated with 25
wul of a 50% erythrocyte suspension for 30 min at +4
C. After centrifugation the erythrocytes were resus-
pended in RPMI heated to +47 C, mixed with 1.5
ml of agarose, and poured onto small petri dishes
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(Nunc, Roskilde, Denmark) which were placed on a
level surface. In some experiments large square
plates, 1012 Intergrid petri dishes, (Falcon Plastics,
Los Angeles) were used. In these experiments 7 ml of
the antigen dilution was incubated with 0.1 ml of
50% erythrocytes, and after centrifugation and re-
suspension of the erythrocytes in 7 ml of RPMI they
were mixed with 6 ml of agarose. From this mixture,
11 ml were poured onto the plate. In all experiments
plates with uncoated erythrocytes were used in
parallel as a control for nonspecific hemolysis. After
solidification 3-mm holes were punched in the gel and
5 ul of serum or serum dilution was added to the
holes. The small plates could be used for testing
seven sera and the large plates for testing 36. After
incubation at +4 C for 24 or 48 h, 1 and 4 ml, respec-
tively, of normal guinea pig serum diluted 14 in
barbital buffer (pH 8.2) was poured on top of each
plate and the plates were incubated for 2 h at 37 C.
Two perpendicular diameters were measured on
each zone of lysis, with the aid of a precision
calliper, to the nearest 0.1 mm.

HI test. The HI tests were performed according
to the method of Halonen et al. (5) with slight modi-
fications. Pigeon erythrocytes and kaolin were used
in the tests. An HI titer of 20 was considered as posi-
tive, indicating immunity.

NT. The RK13 rabbit kidney cell line was used (3)
and twofold dilutions of sera were incubated with
equal volumes of 50 to 100 mean tissue culture in-
fective doses of rubella virus per 0.1 ml for 2 h at
room temperature. To enhance the neutralizing ca-
pacity, 4% unheated guinea pig serum was added to
the serum diluent (7). After incubation each serum-
virus mixture was inoculated into three tube cul-
tures and incubated in rollers for 7 to 10 days at
34 C. The cultures were observed for cytopathic
changes between days 7 to 10. The final titer was ex-
pressed as the serum dilution that inhibited the
cytopathic effect of rubella virus in two of three
tubes. A titer of 2 was considered as positive.
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RESULTS

Relation between antibody concentration
and size of hemolytic zone. Two sera with HI
titers of 80 and 40, respectively, were tested by
HIG in the dilutions given in Fig. 1. Each se-
rum dilution was tested in six replicates. The
relation obtained between the square radius of
the zone and the relative antibody concentra-
tion after a diffusion time of 24 and 48 h is
shown. The relation was not linear but there
was a good correlation between HI titer and
square radius. Plotting of the log of the anti-
body concentration of the same sera against
diameter of the hemolytic zone gave straight
lines with correlation coefficients close to 1
(Fig. 1). Figure 2 shows the results obtained
when five sera with different HI titers were
tested in twofold dilutions and the regression
lines were calculated from six replicates per
serum dilution. As seen in Fig. 2, the slopes
for different sera were almost parallel and
fourfold and even twofold titer increases could
easily be detected. Since the slope value should
be related to the concentration of antigen in the
gel 8), the slope of the line could be assumed
to vary with different batches of plates. When
two of the sera shown in Fig. 2 were tested in
another batch of plates, slightly different slope
values were obtained.

The results obtained in different plates from
the same batch were shown to be almost equal
and the standard deviation of the mean was
about 3.5% in all experiments. When different
sera were tested in dilutions, it was shown
that the minimum dose of antibody that gave a
positive HI test was in most cases also able
to produce a measurable hemolytic zone. Thus,
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Fi1c. 1. Relation between antibody concentration and the diameter of hemolytic zone for two serum sam-

ples with HI titers of 80 (O

O) and 40 (O—---0) after a diffusion time of 24 and 48 h. Each serum dilu-

tion was tested in six replicates on the same plate. Mean values and standard deviations are given in the
figure. The relations between antibody concentration and square radius (A) as well as that between the
log antibody concentration and the diameter of hemolytic zone ( regression lines, B) are indicated in the fig-
ure. The correlation coefficients (r) for the regression lines are given.
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Fi1G. 2. Regression lines for five different serum
samples tested in twofold dilutions on the same day.
The mean diameter and the standard deviation for
six replicates are indicated. The slope value (k) of the
regression line and the HI titer for each serum sam-
ple are given.

one HIG antibody unit corresponded to 1 to 2.5
HI antibody units.

To evaluate the sensitivity of the technique
for detecting differences in antibody concentra-
tion, a number of sera were tested undiluted
and in twofold and fourfold dilutions under
code. The paired serum samples with a two-
fold difference in antibody concentration were
tested in triplicate, whereas those with a four-
fold difference were assayed as a single speci-
men, and in addition tested by HI. As shown
in Table 1, twofold and fourfold titer differences
could be detected with high accuracy by the
HIG test. The HI test gave more scattering of
the results than did HIG and also showed a
tendency towards exaggerated titer increases.
The latter fact could possibly be explained by
the use of an automatic diluter for the HI test.

Statistical analysis of one of the regres-
sion lines in Fig. 1 (HI = 80) showed that a dif-
ference in diameter of 0.6 mm between two
serum samples after 24 h of diffusion gave a
probability of 0.95 for a positive difference in
antibody concentration. If a difference of 0.8
mm or more was found, the probability level
was 0.99. Thus all differences obtained for the
78 paired sera in the HIG test could be consid-
ered as significant. In the HI test two sera
showed no difference in titer and 10 showed
only a twofold difference, which is not consid-
ered significant.

Comparative use of pigeon and sheep eryth-
rocytes in the HIG test. Thirty-two sera which
were all positive by NT and HI were assayed by
HIG using both pigeon and sheep RBC. The
sera had HI titers between 20 and 40. The HIG
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results using pigeon erythrocytes correlated
well with the results of HI and NT, whereas,
when sheep erythrocytes were used, only 75%
of the sera gave positive HIG reactions (Table
2). The sensitivity of sheep erythrocytes could
not be increased by using a higher concentra-
tion of antigen for coating or by treating the
erythrocytes with trypsin.

Sheep erythrocytes were also found to give a
greater number of nonspecific reactions than
did pigeon erythrocytes, but in all cases this
could be abolished by prior absorption of sera
by sheep or pigeon erythrocytes, respectively.

Correlation between results of HIG, HI, and
NT. Ninety-three prevaccination sera with low
or no antibody content as previously measured
by HI were selected and tested by HIG and NT.
Thirty-three sera which were HI positive were
also NT and HIG positive. As seen in Table 3, 60
sera had an HI titer of 10 or less and, of these,
57 were negative in HIG and 58 in NT. Two
sera were HIG and NT positive but negative in
HI, and one serum was positive in HIG and had
an HI titer of 10 but an NT titer of less than 2.

Use of HIG test for the determination of
serological response to rubella vaccination
and primary rubella infection. Sera from 55
women who were vaccinated against rubella
after delivery were tested before and 8 weeks
and 2 years after vaccination. All 55 had an HI
titer of 10 or less in prevaccination sera and all
showed seroconversion as measured by HI after
vaccination.

As shown in Table 4, 95% of these women
were HIG positive 8 weeks postvaccination,
compared to 72% as determined by NT. After 2
years two women had HI titers of less than
20 and one of these was negative in the HIG
test. In NT, on the other hand, 92% of the
women were positive after 2 years. The geo-
metric mean titers at 8 weeks and 2 years for
HI were 31 and 37, respectively, and in HIG
the mean diameters were 8.2 and 8.9. The me-
dian titers in NT were 4 and 8, respectively.

To evaluate the response in HIG to primary
rubella infection, acute- and convalescent-
phase sera from 49 patients with clinical ru-
bella were tested by HI and HIG. Forty-seven
of the serum samples showed a significant titer
rise in HI and gave negative HIG reaction with
the acute-phase sera, whereas positive reac-
tions were obtained with the convalescent-
phase sera. Sixteen of the acute-phase sera con-
tained low levels of HI antibodies but all were
negative in HIG. In two patients acute-phase
sera were obtained late after onset of disease
and no titer increase could be shown either
by HI or HIG. However, a fourfold titer in-
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TABLE 1. Detection of differences in antibody concentration with the HIG and HI methods.

HIG HI
- . "
Difference in anti- No. of : Difference in diam (mm) Difference in titer’
: Mean difference
body concn paired sera in diam (mm)
+ SDe <0.6 0.6 — 0.9 =1 =<Two- Four- =Eight-
fold fold fold

Twofold 25 0.8 +0.2 1 17 7
Fourfold 78 1.9 £ 0.5 3 75 12¢ 46 20

@ SD, Standard deviation.
® Figures indicate number of paired sera showing

the indicated differences in diameter or titer.

¢ Two paired sera did not show any increase in titer.

TABLE 2. Comparison between results of HIG test
obtained with sheep and pigeon erythrocytes

Antigen units "
Erythrocyte spe- HAO 025 ml of  NO- of positive
s 50% RBC

Pigeon 300 32/322
Sheep 300 24/322
Sheep 700 22/32¢2
Pigeon None 6/144
Sheep None 31/95

@ All 32 sera were positive in HI and NT tests.

TaBLE 3. Correlation between results obtained by
HI, HIG, and NT tests

No. of HIG HIG
Titer . NT =2 NT<2 zone zone
sera Z26mm < 5mm
HI = 20 33 33 0 33 0
HI < 20 60 2 58 3 57

crease was seen when the complement fixation
test was used.

DISCUSSION

In the single radial diffusion method of
Mancini et al. (8) a linear relationship is ob-
tained between the area of the zone and the
antibody concentration when equilibrium is
reached, i.e., when antibodies are no longer
available to react with the antigen in the gel.
For antibodies of the immunoglobulin G class
this will not be achieved within a diffusion time
of 5 to 6 days. However, before this time a
linear relationship exists between the diameter
of the zone and the log antibody concentration
(2). This was also found to be valid for the
HIG test, where the diffusion time usually
could not be extended beyond 48 h due to the
instability of the erythrocytes. It was shown
that fourfold and even lower titer increases
could be detected with high accuracy after a
diffusion time of 24 h. An increase in diffusion

TaBLE 4. Results of HI, HIG, and NT tests in 55
nonimmune women 8 weeks and 2 years afier
vaccination against rubella.

8 weeks 2 years
No. of No. of
Method posi- % Mean posi- Mean
tive/no. titer® tive/no. titer®
tested tested
HI 55/55 100 31 53/55 96 37
HIG 52/55 95 8.2 54/55 98 8.9
NT 38/53 72 4 47/51 92 8

¢ Indicates geometric mean titer for HI, mean
diameter for HIG, and median titer for NT.

time up to 48 h gave a higher slope value, and
thus larger differences in diameter. However,
the standard deviation increased and the accu-
racy of the test is probably not favorably in-
fluenced by a longer diffusion time than 24 h.
The variation of results between different plates
made from the same gel was small.

Skaug et al. (11), who used chicken erythro-
cytes in the HIG test, obtained reproducible re-
sults and good correlation with results of HI.
Sheep erythrocytes were shown in the present
study to be less sensitive than pigeon erythro-
cytes. Pigeon erythrocytes also gave fewer non-
specific hemolytic reactions as compared to
sheep erythrocytes. Although nonspecific lysis
is rather rare when using pigeon erythrocytes,
it is still necessary to use control plates, i.e.,
plates with uncoated erythrocytes.

Determination of immunity against rubella
has usually been made by the HI test; the NT
has been assumed to be more reliable, but not
suitable for screening of large numbers of
serum samples. A good correlation was found
between the results of HIG and NT when test-
ing sera with negative or low HI titers and
in only one case was there disagreement be-
tween the results of HIG and NT.

Rubella vaccination is followed by the devel-
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opment of HI antibodies in most cases, whereas
the development of NT antibodies has been
shown to be a later event and dependent on
the vaccine used for immunization (4). In 95% of
the women in this study antibodies were demon-
strable by the HIG test 8 weeks after vaccina-
tion, and after 2 years all but one woman had
antibodies as measured by HIG. The reason
why only 95% were positive in the HIG test
after 8 weeks might be explained by the rela-
tive inability of rubella immunoglobulin M
antibodies to react in this test (12).

The HIG technique has been shown to be
well suited for screening of immunity against
rubella and to detect serological response to
vaccination and to natural infection. We have
also found HIG to be superior to HI for the
detection of titer increases. Thus it appears
that HIG is useful for the demonstration of rein-
fection. This seems to be important since the
reinfection rate in individuals with vaccine-in-
duced immunity is high (6) and reinfection has
been associated with transmission to the fetus
(1). It may be concluded that the HIG test is
a good alternative to the HI test for the sero-
logical diagnosis of rubella, since it is easier to
perform and has equal or higher sensitivity
than the HI test. The only limitation of the
HIG test seems to be its inability to detect
rubella-specific immunoglobulin M antibodies.
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