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Passive Haemagglutination Test for Antibodies
Against Rabies Virus*

P. M. GOUGH1 & R. E. DIERKS2

All the procedures now available for the measurement ofrabies virus antibodies in serum
have certain disadvantages. The serum neutralization test (SN), whether carried out by
assay in mice or by the plaque-reduction technique, requires several days before the titrations
are completed, necessitates special facilities for keeping large numbers of animals and
tissue-culture plates, and is relatively expensive. A complement-fixation test is very insensi-
tive, giving low titres in comparison with SN tests, and a haemagglutination-inhibition
procedure is complicated by the presence of nonspecific reactions. A rabies passive haenzag-
glutination technique (RPHA), developed to overcome many of theseproblems, is described.

Titres obtained with human sera by the RPHA procedure correlated well with those
obtained by SN tests. Both IgG and IgM classes ofantibodies were measured by the RPHA
procedure; however, it appeared to be more sensitive for detecting IgM than was the SN
test and, therefore, gave higher titres for this class of immunoglobulins.

The routine procedure for the measurement of
rabies virus antibodies in serum is a neutralization
(SN) test assayed in mice (Atanasiu, 1966). A plaque-
reduction SN test has been developed by Sedwick &
Wiktor (1967) but, as with the procedure in mice,
several days are required to complete the titration.
Neither method is difficult to perform but both of
the SN tests are relatively expensive and require
considerable and specialized facilities for keeping
large numbers of animals or tissue-culture plates. A
complement-fixation test (Sever, 1962; Dierks, un-
published data) has been used but the antibody titres
obtained do not correlate well with the results of SN
tests, and a haemagglutination-inhibition procedure
(Halonen et al., 1968) is complicated by nonspecific
reactions. Therefore, a rapid, easily performed, pas-
sive haemagglutination (PHA) method (Gold & Fu-
denberg, 1967), developed for protein antigens, was
modified for use with rabies viral antigens in mea-
surements of human rabies antibodies. This method
is highly sensitive and titres are reproducible.
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MATERIALS AND METHODS

Virus production and concentration
The stock rabies virus used in the test was CVS-1 I

(Kissling, 1958). It had been passaged 112 times in
primary hamster-kidney cell cultures and 13 times in
baby hamster-kidney cell cultures (BHK21 clone 13
[MacPherson & Stoker, 1962] and BHK21 clone 13S
adapted to suspension cultures [Vaheri et al., 1965]).
The virus used for antigen production was pro-

pagated in BHK21 clone 13 cells in disposable roller
bottles 3 with a surface area of 654.5 cm2. The cells
were seeded and grown to monolayers in BHK21
medium (MacPherson & Stoker, 1962) containing
10% heat-inactivated fetal calfsera and O0% tryptose
phosphate broth. After removal of the growth me-
dium, the monolayers were washed twice with a
phosphate-buffered salt solution and infected with
10 ml of a 10-3-O dilution of seed virus containing
50 ,ug of diethylaminoethyl (DEAE) dextran per ml.4
The seed virus contained 107.3 mouse intracerebral
LD50/ml. The minimum infective dose was between
0.001 and 0.01 intracerebral MLD50 of virus per
cell. The inoculum was removed after adsorption
for 1 hour at 34°C and replaced with 100 ml of
maintenance medium, BHK medium containing 10%
tryptose phosphate broth plus either 2% heat-inactiv-

3Supplied by Belco Glass Inc., Vinland, N.J., USA.
` Supplied by Pharmacia Fine Chemicals, Piscataway,

N.J., USA.
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ated fetal calf serum or 0.4% bovine serum albumin.1
The roller cultures were then incubated for 96-120

hours at 34°C with daily adjustment of the pH to
7.2-7.4. Tissue-culture fluids from 3 or 4 roller bottles
were pooled routinely, centrifuged for 20 minutes at
1 000 g to remove cellular debris, and frozen for
future use.
The virus was assayed from each pooled lot by intra-

cerebral inoculation of 3-4-week-old HA/ICR mice.
The average titre of 21 lots of CVS-1 1 virus was 107.03
MLD50/ml (range 105.72_108.35). The cell cultures were
routinely tested for the presence of mycoplasma on
96DSw medium (Frey et al., unpublished data). No
cultures were found to be contaminated.
The virus was precipitated by mixing 50 parts of

infectious tissue-culture fluid with 1 part of 1.0 M
zinc acetate solution (pH 5.0). The mixture was
allowed to stand at 4°C for 20-30 minutes with
occasional agitation; it was then centrifuged at
1 000 g for 20 minutes and the supernatant fluid
discarded. The precipitate was resuspended in a
saturated solution of disodium ethylenediaminetetra-
acetate adjusted to pH 7.8 by the addition of solid
tris(hydroxymethyl)aminomethane. The precipitate
was resuspended to 1/20th of the original volume of
tissue-culture fluids. The resulting solution was clari-
fied by centrifugation at 1 000 g for 20 minutes and
then dialysed against 0.86% NaCl for 18 hours; the
virus was stored at -70°C in small equal samples for
future use. The recovery of virus from the precipita-
tion procedure based on intracerebral mouse titra-
tions averaged 95-110% for those lots checked (in-
fectivity titres of the concentrated virus were not
obtained on all lots).

Rabies virus (CVS-27) grown in suckling-mouse
brain and purified by chromatography on an
ECTEOLA-cellulose 2 column (Thomas et al., 1965)
was also tried as an RPHA antigen.

Vircus-erythrocyte coupling
Rabies virus was coupled to goose erythrocytes for

use in the test system. Human 0, monkey, sheep,
dog, guinea-pig, hamster, mouse, chicken, and baby
chick red blood cells also were tested for use in the
passive haemagglutination procedure, but results in-
dicated that goose cells gave the highest and most
reproducible titres. The erythrocytes were collected
in modified Alsevers solution (Kent, Bukantz &

1 Fraction V bovine albumin powder supplied by Armour
Pharmaceutical Co., Chicago, Mll., USA.

2 Supplied by Carl Schleicher & Schull Co., Keene,
N.H., USA.

Rein, 1946) and aged for at least 4 days before use.
The erythrocytes were washed 3 times in 0.86%
NaCl immediately before use. A complex was then
formed between rabies virus and the goose erythro-
cytes with hydrated chromium chloride as described
by Gold & Fudenberg (1967), using equal volumes
of virus suspension, 0.1 % chromium chloride solu-
tion in 0.86% NaCI, and packed saline-washed ery-
throcytes.
The chromium chloride solution used as the com-

plexing agent could be stored at 4°C for 1-2 weeks
without any apparent adverse effects. There was a
shift in the colour spectrum from dark green to grey-
green on storage but this did not affect the coupling
reaction. Concentrations of chromium chloride
greater than 0.1 % caused increasing problems with
agglutination of the red blood cells during the coupl-
ing process.

Various other buffers, including tris(hydroxyme-
thyl)aminomethane, phosphate, borate, and acetate
were tried as diluents for the coupling process but,
when they were substituted for 0.86% saline, precipi-
tation of salts accompanied by haemolysis of the
erythrocytes often occurred.
When the virus was combined with the red blood

cells first, followed by the addition of the coupling
agent, chromium chloride, the resulting antigen gave
more reproducible results than when the reagents
were added together in any other order. After 5 mi-
nutes of interaction at room temperature (22°C), the
sensitized erythrocytes were washed 3 times with
saline and were suspended at a concentration of
0.25% in 0.86% saline. The antigen complex was
made as a fresh reagent each day it was to be used.

Rabies passive haemagglutination test
Sera to be tested were inactivated at 56°C for

30 minutes and then absorbed with an equal volume
of 1% washed normal goose erythrocytes. After
30 minutes of incubation at 37°C the red blood cells
were sedimented from the sera by low-speed centri-
fugation. Two-fold serial dilutions of the sera were
made in 0.4% bovine serum albumin, 0.05 M sodium
borate, and 0.86% sodium chloride (pH 9.0) diluent
in V-shaped microtitre plates 3 at volumes of
0.025 ml. Sensitized erythrocytes (0.05 ml) were
added to each well and the plates were sealed with
cellulose acetate tape and held at 4°C for approxi-
mately 1 hour before examination for haemaggluti-
nation. A sharp button in the bottom of a well

3Supplied by Linbro Chemical Co., Inc., New Haven,
Conn., USA.
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indicated a negative test; positive reactions appeared
as cells failing to sediment, a ring formation on the
sides of the wells, or clumps of agglutinated cells.
The ability of the RPHA test to measure different

classes of immunoglobulins was determined by using
this procedure to titrate the antibodies in sera col-
lected at several intervals after immunization with
rabies vaccine. Antibodies with disulfide groups sus-
ceptible to reduction were inactivated by treatment
of serum with 0.1 M (final concentration) 2-mercap-
toethanol at 37°C for 18 hours. In order to prevent
the gelatinization that frequently occurs when this
concentration of 2-mercaptoethanol is added to sera,
0.3 ml of each serum was diluted with 0.78 ml of
0.4% bovine serum albumin in saline before reduc-
tion with 0.12 ml of 1 M 2-mercaptoethanol. Sera
drawn from 63 persons were analysed in this manner
and the median titre was calculated for days 2, 4, 6,
8, 11, 14, 28, 42, and 225 after vaccination.

RESULTS

Of 68 negative control sera obtained from students
reporting to the Health Service of Iowa State Uni-
versity with various viral illnesses, only 1 showed
haemagglutination activity in the RPHA titration
for rabies virus antibodies. The titre of this serum
was 1: 16. It could not be determined whether this
serum came from a patient who had previously
received rabies vaccine.

Sera from 347 individuals were tested by the
mouse-serum neutralization test following pre-ex-
posure vaccination or post-exposure prophylaxis for
rabies; the same sera were also titrated by the RPHA
method. The relationship between the titres as mea-
sured by the two procedures was analysed by a
scatter diagram (Fig 1.) The broken lines represent
the limits of deviation from exact titres permitted if
titres are within ± 1 log2 dilution. Only 8 points fell
outside this area.
Although some discrepancy between values ob-

tained by the two procedures must occur because
one (SN) obtains titres on a continuous, and the
other (RPHA) on a discontinuous, scale, a correla-
tion coefficient was calculated to test the relationship
between measurements obtained with the two me-
thods; the coefficient was 0.81. Under the conditions
of the calculation, it is believed that this degree of
correlation indicates sufficient agreement between
titres measured by the RPHA and SN tests for the
former to be considered as a procedure for determin-
ing the titre of antibodies against rabies virus in sera.

Fig. 1. Correlation between rabies virus antibodies
titrated by SN and RPHA procedures. The solid line
represents the exact correlation, broken lines are the
limits of deviation permitted for agreement with

1 log2 dilution.

After an immunization with rabies vaccine, anti-
bodies susceptible to reduction by 2-mercaptoethanol
(IgM) were the first immunoglobulins to be detected,
but by the eleventh day, IgG antibodies resistant to
the sulfhydryl reagent were observed also. The shape
of the curve of titres for sera to which 2-mercapto-
ethanol had been added was lower, but very similar
to that for untreated sera, for most of the period
over which the sera were analysed (Fig. 2). A
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Fig. 2. Titres of 2-mercaptoethanol-sensitive and
2-mercaptoethanol-stable antibodies by the RPHA
procedure following an immunization with rabies
vaccine. Each point represents the median value
calculated from 63 samples (solid line, whole serum;
broken line, 2-mercaptoethanol-reduced serum).
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similar relationship between 2-mercaptoethanol-
stable and total immunoglobulins was observed with
a smaller number of samples that had been analysed
by the SN test in mice, but the early sharp peak of
antibody titre was not evident with the SN titration
(Dierks et al., unpublished data).

DISCUSSION

The passive haemagglutination technique has over-
come many of the difficulties encountered in other
procedures for the measurement of antibodies against
rabies virus. Only 1 hour is required for the antigen-
antibody interaction to occur, making it possible to
calculate the antibody titres on the same day that the
test is performed. However, if it is more convenient
for the dilutions to be made one day and the reac-
tions to be observed on the following day, as when
large numbers of sera are being titrated, overnight
storage under refrigeration does not affect the titres.
The procedure is easy to perform, is very sensitive
and reproducible, and requires no unusual or expen-
sive equipment. The titration was carried out in
microtitre plates in order to reduce the volumes of
reagents and times of incubation; however, the pro-
cedure should be adaptable to a standard tube haem-
agglutination test.
For a satisfactory test, it was essential that the

rabies virus used as the antigen be sufficiently con-
centrated. Virus (CVS-1 1) grown in tissue culture
gave superior results to that grown in suckling-
mouse brain, even when the mouse brain had been
purified by chromatography on an ECTEOLA-cellu-
lose column. Occasionally, haemagglutination oc-
curred when the virus, chromium chloride, and
erythrocytes were combined, and the antigen could

not be used. Further purification of the virus before
coupling to the erythrocytes might help to eliminate
this problem.

Apparently, nonspecific haemagglutination oc-
curred in some sera at low dilutions. Heat inactiva-
tion of the sera and absorption of the sera with
unsensitized red blood cells prevented these reactions
from occurring during the titration.

Results obtained with the addition of 2-mercapto-
ethanol to sera in order to reduce the susceptible
disulfide bonds of IgM antibodies indicated that the
RPHA test was able to detect both IgG and IgM.
Furthermore, this procedure appeared to be more
sensitive to IgM than was the SN test (Dierks et al.,
unpublished data). Many serological techniques, in-
cluding complement fixation, discriminate between
the immunoglobulins to the extent that only one
class is measured. Research efforts are being conti-
nued on the use of inactivated virus, methods of
storage, the use of treated erythrocytes, and other
factors that would increase the safety and uniformity
of this test.

CONCLUSIONS

The passive haemagglutination method offers ad-
vantages over other techniques available for the
titration of rabies virus antibodies in that: (1) titres
of antibody may be obtained on the same day as the
serum is received; (2) the procedure is inexpensive
and requires no specialized equipment or facilities;
(3) nonspecific reactions are minimal and are readily
eliminated by heat inactivation of the sera or prior
absorption with unsensitized erythrocytes; and
(4) there is good correlation between titres measured
by this method and those obtained by the standard
serum neutralization test in mice.
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R1tSUMt
tPREUVE D'HtMAGGLUTINATION PASSIVE POUR LE TITRAGE DES ANTICORPS ANTIRABIQUES

Le pr6sent article d6crit une epreuve d'hemagglutina-
tion passive pour le titrage des anticorps antirabiques
dans le s6rum, basee sur l'interaction entre les anticorps

et l'antigene rabique fixe sur des erythrocytes d'oie a
l'aide de chlorure de chrome.
Des essais pratiques sur des serums positifs ou negatifs
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ont fait ressortir les avantages de la methode par rapport
aux techniques actuellement en usage: a) les resultats du
titrage peuvent etre obtenus le jour meme de la reception
des serums; b) le procede est peu couteux et ne requiert
aucun 6quipement specialise; c) les reactions non speci-
fiques sont rares et on peut aisement les prevenir en

inactivant les serums par chauffage ou en procedant a
leur absorption prealable a l'aide d'erythrocytes non
sensibilises; d) on note une correlation satisfaisante
entre les titres obtenus par la nouvelle methode et les
titres mesures par 1'epreuve standard de seroneutralisa-
tion chez la souris.
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