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Studies on antiplague haemagglutinating antibodies
Treatment of test sera with acetone and 2-mercaptoethanol *

SOSUKE SUZUKI,1 YOSHIO CHIKASATO,2 & SUSUMU HOTTA8

The indirect haemagglutination (IHA) test has been widely applied in the detection of
antiplague antibodies in rodent sera. In the present study, acetone treatment of the test
serum was tried in order to improve the specificity of the reaction. It was shown that the
IHA titres ofacetone-treated sera correlated well with those of untreated sera measured by
the standard method recommended by WHO. Essentially the same results were obtained
with sera from experimentally immunized rodents andfrom captured wild rats. In addition
to acetone treatment, the sera were treated with 2-mercaptoethanol (ME). The results
obtained indicated that the antiplague IHA antibodies produced early after the inoculation
ofplague bacilli were ME-sensitive, whereas those detected in the later stages or after a second
inoculation were ME-resistant. The data suggest that acetone treatment of sera could be
useful for the screening of antiplague antibodies, and that treatment with ME is helpful in
assessing the time of past plague infections. The present survey has also shown that the
positive rates of antiplague antibodies in wild rats trapped in Kobe, one of the largest sea
ports in Japan, have so far been very low.

The indirect haemagglutination (IHA) test for
identifying antiplague antibodies was first described
by Chen & Meyer (5) and has been widely applied in
serologic examinations of rodents captured in plague
enzootic foci or in nonendemic areas (3, 4, 6, 8).
Although this test has a definite advantage in both
convenience and reproducibility, it is important that
the results obtained should be confirmed by non-
specific haemagglutination and fraction I antibody
inhibition tests (9). In our studies for detecting
antiplague antibodies, the test sera were treated with
acetone in order to improve the specificity of the
reaction.

It is generally accepted, however, that 2-mercapto-
ethanol (ME) can destroy antibodies that are de-
tectable at an early stage after the administration of
antigens but not those detectable in the later stages
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or after the administration of a booster. Treatment
of serum with ME was therefore useful in the
analysis of antibodies and in estimating the time of
past infections.

This paper describes the measurement of anti-
plague IHA titres in rodent sera treated with acetone
or ME, and compares the results with the titres
measured by the WHO standard method.

MATERIALS AND METHODS

Plague bacilli

Three strains of Yersinia pestis, Al 122, Shasta,
and Yreka, were supplied by Dr K. F. Meyer
through the Ministry of Health and Welfare, Japan,
and have been maintained in our laboratory by
being cultivated on brain-heart infusion (Difco)
agar. These strains have become avirulent for white
rats and guinea pigs, the animals being able to
survive for 6 weeks after subcutaneous inoculation
with about 108 organisms; during this period, the
bacilli could be recovered from the lymphatic tissues
of the inoculated animals.
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Sera
The bacilli, either live or killed (by heating at 56'C

for 60 min), were inoculated subcutaneously into
adult white rats, rabbits, and guinea pigs, which
were procured from a local farm, and into wild rats,
which were trapped in Kobe harbour. Each animal
was inoculated with about 109 organisms. At inter-
vals after inoculation, blood was taken by cardiac
puncture and the serum was separated and stored at
-20°C until needed. Sera from uninoculated wild
rats were also tested. Just prior to use, the test sera
were inactivated by heating at 560C for 30 min.

Acetone treatment

The sera were washed 3 times with cold acetone
and dried in vacuo. The dried samples were resus-
pended at a concentration of 1% in normal rabbit
serum, which had been diluted in an equal volume of
physiological saline, and were kept at 40C for 24 h.
A suspension of fresh sheep erythrocytes was then
added to this fluid in a ratio of 1:10 by volume.
After being kept at 250C for 30 min, the mixture was
centrifuged at 1 500 g for 15 min and the resulting
supernatant was used as the test material.

ME and acetone treatment

To each test serum was added an equal volume of
ME (0.2 mol/l) in phosphate buffered saline (0.01
mol/l PBS, consisting of 3.5 g Na2HPO4, 1.3 g
KH2PO4 and 6.8 g NaCl in 1 000 ml distilled water,
pH 7.2) and the whole was mixed thoroughly. After
the mixture was kept at 37°C for 1 h in a tightly
sealed tube, the seal was taken off and the tube was
put in a bath at 37°C for 10 min to allow the ME to
evaporate completely. The serum thus treated with
ME was then treated with acetone, as described
above.

Serologic tests

Fraction I (FR-I) antigen was extracted from the
organisms by the method reported by Baker et al. (1),
and IHA tests against it were performed as described
by Cavanaugh et al. (3) with microplates manufac-
tured by the Cook Engineering Co., USA. The
specificity of the reaction was confirmed by carrying
out both nonspecific haemagglutination (NSHA) (5)
and FR-I antibody inhibition (FRIAI) tests (9).

Isolation ofplague bacilli from animal tissues
All the wild rats examined had their spleen tissues

removed and stored at 40C in sealed glass tubes. The
tissues from individual animals, which had serologi-

cally been proved to be antiplague " reactors " (with
an IHA titre of 1: 8) or antiplague " positive " (with
an IHA titre of 1: 16 or more), had their cut surfaces
stamped on brain-heart infusion agar plates to
permit the isolation of Y. pestis (2). After incubation
at 37°C for 48 h, characteristic colonies were selected
and identified as plague bacilli by staining and
agglutination.

RESULTS

Comparative measurements ofantiplague antibodies in
sera from experimentally immunized rodents
Sera, taken from the test animals after subcutane-

ous injection with the plague bacilli, were divided
into two portions: one for the measurement of
antiplague antibodies by the WHO standard
method, and the other for treatment with acetone
and the measurement of IHA titres. The results of
the experiments, in which white rats were used, show
that the titres obtained by the acetone-treated
method correlated well with those by the WHO
standard method, although the former tended to be
a little lower than the latter (Table 1).

In order to confirm the data, the following series
of experiments were additionally conducted. (1) Gui-
nea-pigs were given a single subcutaneous injection
of live Y. pestis, Yreka strain (1.2 x 108 organisms
per animal) and 4, 7, 14, or 21 days thereafter serum

Table 1. Measurements of antiplagub antibodies in sera
from white rats injected with live plague bacilli

Antibody titres measured by
Interval Acetone-Rat after WHO standard method treatmentno.a injection method(days) ________________

IHA NSHA FRIAI IHA

1 7 128 4 4 64

21 256 8 4 128

2 7 1 024 < 4 4 512

21 512 < 4 < 4 256

3 7 256 < 4 < 4 128

21 256 8 8 32

4 7 8 <4 <4 8

21 8 <4 <4 8

a Animals, procured from a local farm, were given a single sub-
cutaneous injection of live Y. pestis, Shasta strain (1.2 x 108
organisms).
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samples were taken for determining the level of
antiplague antibodies. (2) Wild rats (9 Rattus nor-
vegicus and 3 R. rattus), which had been trapped in
Kobe harbour during the period June-November
1972, were given a single subcutaneous injection of
heat-killed Al 122 strain bacilli (1.2 x l09 organisms
per animal), after which serum samples were taken
at intervals (ranging from 7 to 35 days) for the
measurement of antiplague antibodies. In both
cases, essentially the same results were obtained as
for the white rats shown in Table 1.

Survey of antiplague antibodies in sera from wild rats
captured within the harbour

Sera from 199 wild rats (including R. rattus and
R. norvegicus), captured in Kobe harbour during the
period April-October 1973, were titrated for anti-
plague antibodies simultaneously by the WHO stan-
dard method and by the methods described above
involving acetone or ME-acetone treatment. Of
these, 21 samples were classified as " positive " by
the standard IHA method (titre of 1: 16 or more).
The results (Table 2) show that, like the titres in the
sera from the experimentally immunized animals
described in the preceding section, the antibody
titres in the sera from wild rats were significantly
lower by the acetone-treated method than by the
standard IHA method, although it was considered
that the reactions in the two methods paralleled each
other. All the 178 (199 minus 21) negative samples
by the standard IHA method were also negative by
the IHA methods using acetone-treated and
ME-acetone-treated sera. The results suggest that
the IHA test using acetone-treated sera could be
used as a screening test for the detection of anti-
plague antibodies without the need to perform the
NSHA and FRIAI tests as well.

Effect ofME upon antiplague antibodies in the sera of
rodents inoculated with plague bacilli
After the rodents were inoculated with plague

bacilli, serum samples were taken at different inter-
vals and divided into three portions for estimations
on untreated, acetone-treated, and ME-acetone-
treated sera. Each sample was measured in terms of
the antiplague IHA titres against the FR-I antigen
by the method referred to above. The results ob-
tained in the experiments with rabbits are sum-
marized in Fig. 1.

Antibodies in the untreated and acetone-treated
sera appeared on the seventh day after the first
injection of the bacilli. The antibody titres then rose

and reached a maximum (1:128 to 1:512) which
persisted for at least 100-140 days. The same anti-
bodies in the ME-acetone-treated sera increased
more gradually than those in the untreated and
acetone-treated samples. At around 5 to 7 weeks
after the inoculation of bacilli, however, the anti-
bodies in all the three differently treated serum
samples reached practically the same levels. When
the animals received the second inoculation of bacilli
on the 180th day after the first, the antibody titres
rose promptly and reached levels much higher than

Table 2. Serologic tests on sera from wild rats captured
in Kobe harbour, 1973: comparison of the WHO
standard, acetone-treated, and ME-acetone-treated
methods

Antibody titres measured by

Rat acetone- ~~~ME-Rot WHO standard method acetone- acetone-
no, treatment ~~~~~~treatment

IHA NSHA FRIAI IHA IHA

1 16 8 16 <4 <4

2 16 16 16 < 4 < 4

3 16 8 8 <4 <4

4 128 128 (8) a 128 (16) 16 < 4

5 16 8 (< 4) 4 (4) 8 < 4

6 16 <4(<4) <4(<4) 8 <4

7 32 16 (4) 16 (8) 8 < 4

8 32 32 16 <4 <4

9 16 8 4 <4 <4

10 128 128 (32) 32 (32) 32 < 4

11 32 32 (16) 32 (16) 16 < 4

12 32 32 (8) 32 (8) 8 < 4

13 16 64 64 <4 <4

14 16 16 32 <4 <4

15 64 64 32 < 4 < 4

16 16 8 (8) 4 (8) 16 < 4

17 32 16 8 <4 <4

18 16 8 16 < 4 < 4

19 32 16 8 <4 <4

20 32 16 (4) 8 (4) 4 < 4

21 32 32 8 <4 <4

a Figures in parentheses indicate titres when reexamined after
acetone treatment.

2
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Fig. 1. Effect of ME on IHA antibodies in sera from rabbits injected with live or
heat-killed plague bacilli.

Three rabbits, procured from a local farm, were inoculated subcutaneously with:
(A) heat-killed Shasta strain, twice (first 2.4 x 109, and second 1.2 x 109
organisms); (B) heat-killed A1122 strain, twice (first 3.0 x 109, and second
1.2 x 109 organisms); and (C) live A1122 strain, once (1.2 x 109 organisms).
Symbols: 0-O , untreated sera; -.-, acetone-treated sera; A-A----,
ME-acetone-treated sera.
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Fig. 2. Effect of ME on IHA antibodies in sera from wild rats injected with heat-
killed plague bacilli

Wild rats, captured in Kobe harbour, were twice injected subcutaneously with heat-
killed Y. pestis Al 122 strain (1.2 x 109 organisms) with an interval of 100 days.
Symbols: 0 0, untreated sera; .-._, acetone-treated sera; /\-----A,
ME-acetone-treated sera. The experiment was begun with 44 rats. After the
inoculation of bacilli, they were bled at the times indicated. Because of the repeated
heart punctures, some of the test rats died, and the number of animals from which
the sera were taken decreased, as indicated in the abscissa of the chart. The means
of the IHA titres of the rats included in each chronological group were calculated
and plotted.

those after the first inoculation. In the rabbits inocu-
lated either with killed or live bacilli, the magnitude
of antibody production was essentially the same. The
data also indicate that the antibodies detected early
after the first inoculation of bacilli were ME-sensi-
tive, whereas those found in the later stages or after
the second inoculation were ME-resistant. It was
again shown in these experiments that the levels of
antibodies in the acetone-treated samples paralleled
those in the untreated samples as measured by the
WHO standard method.

In the experiments with wild rats captured in
Kobe harbour (Fig. 2), the sera from individual
animals belonging to the same time groups were
pooled and titrated. The overall results were essen-
tially the same as those obtained with rabbits.

Additional experiments with white rats and gui-
nea-pigs were carried out as follows. From white rats
subcutaneously inoculated with live Shasta strain

bacilli (1.2 x 108 organisms per animal), and from
guinea-pigs similarly inoculated with live Yreka
strain bacilli, serum samples were taken at intervals
and treated by the procedures described above. The
antiplague IHA antibodies were clearly detected in
the untreated or acetone-treated samples at 1-2
weeks after inoculation, and their nearly maximum
titres (in the range of 1: 128 to 1: 512 in both cases)
were maintained for at least a further 3-4 weeks. The
titres of the same antibodies in the ME-acetone-
treated sera, on the other hand, were very low or
even nil at 1-2 weeks after inoculation and, increas-
ing gradually thereafter, reached a maximum (gener-
ally lower than those of the untreated or acetone-
treated sera) at about 3-4 weeks after inoculation.
The overall figures of the changes in antibody titre
for the white rats and guinea pigs were essentially
the same as those for the rabbits and wild rats shown
in the preceding experiments.
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DISCUSSION

During our surveillance programme for plague
antibodies in sera from wild rats trapped in Kobe
harbour, the test sera were treated with acetone and
the IHA titres against the plague FR-I antigen of the
acetone-treated sera were compared with those of
the corresponding untreated sera titrated by the
method recommended by the WHO Expert Commit-
tee on Plague (9). The results indicated that the IHA
titres of the acetone-treated samples correlated well
with those measured by the WHO standard method,
although it was noted that the former tended to be
lower than the latter. A similar result was obtained
with sera from experimentally immunized rodents.
The data suggest that acetone treatment of sera may
be useful for the screening of antiplague antibodies
without parallel tests of NSHA and FRIAI. This
treatment is particularly applicable to rodent sera
collected in areas such as in Japan, where plague is
nonendemic but where a threat of invasion of the
disease from plague-endemic foci is constant, and
this statement in supported by the results of our
serologic surveys in Kobe. The acetone technique
may also be applied in the assessment of a clinical
diagnosis of plague. Legters et al. (7) have suggested
that the antiplague IHA tests could be useful in
confirming the diagnosis in patients with mild plague
shortly after the onset of the disease or in following

the recovery of patients from clinically severe
attacks.

In the present study, the treatment of sera with
ME showed that for a few weeks after inoculation of
the bacilli the antiplague antibody titres of ME-
treated (actually ME-acetone-treated) sera were
significantly lower than those of untreated sera or
sera treated with acetone alone; however, in the later
stages or after a second inoculation, the titres of sera
from all three treatments became equal. Thus, the
antiplague antibodies produced early after the inocu-
lation of plague bacilli were ME-sensitive, whereas
those detected in the later stages or after a second
inoculation were ME-resistant. While these findings
are not remarkable compared with those relating to
other kinds of antibodies, it should be pointed out
that the treatment of rodent sera with ME could
probably help determine the time of a past infection
with plague. In our surveys, No. 6 sample (from
R. norvegicus) in Table 2 was proved to be ME-
sensitive, although the reason for this result is still
not clear.

It may be added that, according to our present
data, the positive rates of antiplague antibodies in
wild rats trapped in Kobe, one of the largest sea
ports in Japan, have so far been very low. Similar
surveys should be and are planned to be carried out
in the interests of international hygiene.
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RE-SUME

IeTUDES SUR LES ANTICORPS HE-MAGGLUTINANTS ANTIPESTEUX:
TRAITEMENT DES StRUMS D'ItPREUVE PAR L'ACJtTONE ET LE 2-MERCAPTOETHANOL

Dans la recherche des anticorps antipesteux dans le
serum de rongeurs par l'6preuve d'h6magglutination
indirecte (IHA), on a essaye de traiter les serum a etu-
dier par l'ac6tone afin d'accroitre la specificite de la
reaction.
On releve une correlation satisfaisante entre les titres

IHA des s6rums ainsi traites et ceux des s6rums examines
par la methode standard recommand6e par l'OMS,
malgre une tendance des premiers a etre moins 6leves.
En g6n6ral, des resultats identiques sont obtenus avec
les s6rums de rongeurs immunises experimentalement a
l'aide de bacilles pesteux et les s6rums de rats sauvages
captures dans le port de Kobe (Japon). II semble que

la technique soit applicable au depistage des anticorps
antipesteux lors des enquetes epidemiologiques.
On a aussi pratiqu6 des epreuves IHA avec des serums

de rongeurs traites par le 2-mercaptoethanol. Les r6sul-
tats montrent que les titres IHA de ces s6rums sont
nettement moins 6lev6s que ceux des serums non traites
ou trait6s par l'acetone lorsque les prelevements sont
effectues peu de temps apres l'inoculation des bacilles
pesteux; en revanche, les titres de tous les 6chantillons,
trait6s ou non, sont presque equivalents a plus long
terme ou apres une seconde inoculation.
La signification de ces resultats du point de vue de l'epi-

demiologie de la peste et de la sante publique est examin6e.
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