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Detection of an Enzootic Plague Focus
by Serological Methods

D. C. CAVANAUGH,1 B. D. THORPE,2 J. B. BUSHMAN,8 P. S. NICHOLES '
& J. H. RUST Jr

Complement-fixation and haemagglutination tests, utilizing a highly purified, specific
Fraction I antigen of Pasteurella pestis, have been employed to detect specific plague
antibody in the sera ofrodents resident in a sylvatic plague focus. The data show that while
the isolation of P. pestis is seasonal and rather rare, antibodies can be detected for long
periods of time and with great frequency in rodents surviving infection. The authors
recommend that serological methods be incorporated into epidemiological surveys and
control programmes involving rodent plague.

Results of serological surveys have been accepted
for some time as evidence of the presence and
prevalence of arthropod-borne viruses (WHO Study
Group on Arthropod-borne Viruses, 1961). Com-
plement-fixation tests (Chen, Quan & Meyer, 1952),
and haemagglutination tests (Chen & Meyer, 1954)
employing a highly purified, specific Fraction 1
antigen of Pasteurellapestis (Baker et al., 1947, 1952;
Chen & Meyer, 1955; Bhagavan et al., 1956; Lawton,
Fukui & Surgalla, 1959) are used to detect plague
antibody in human beings (Baltazard et al., 1956).
These tests have been used by Cavanaugh and co-
workers (1961, 1962, 1963) 5 to detect plague anti-
body in the sera of rodents trapped in enzootic
plague foci. Levi et al. (1963) and Suckov (1964)
have used a passive haemagglutination test for the
same purpose. Before the serological methods could
be used to detect P. pestis in an unknown rodent
population, they required testing in a known plague
focus on a chronological basis.
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A monthly serological survey was conducted
from March 1961 through November 1962 in a
circumscribed, uncontrolled focus of sylvatic plague
in Indian Farm Canyon, Utah, USA. Descriptions
of the focus, in which Peromyscus spp. are involved,
are to be found in the works of Marchette (1963),
Marchette et al. (1962) and Thorpe, Marchette &
Bushman (1963). Rodents were trapped in cage
traps, fleas removed and the animals bled prior to
autopsy. A total of 904 rodent sera were collected in
the course of the survey. P. pestis was isolated from
Peromyscus spp., or from fleas on Peromyscus spp.,
in March, April, May and December of 1961 and in
February 1962. The P. pestis strains isolated in the
focus were shown to have the specific Fraction 1
antigen. The finding of serologically positive reactors
throughout the entire observation period indicated
that serological methods have a great utility in
detecting foci of plague that would otherwise be
missed if the actual isolation ofP. pestis was the only
criterion.
The test procedures developed and the results

obtained are described below.

SEROLOGICAL TEST PROCEDURES

The Fraction 1 antigen and the monospecific
Fraction 1 antiserum used in these studies were
provided by Dr T. H. Chen of the George Williams
Hooper Foundation, University of California, San
Francisco, California.

Several strains of P. pestis isolated in the area were
tested for the specific capsular antigen of P. pestis by
the Ouchterlony technique. The test system used
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was that described by Chen & Meyer (1955) in which
saline suspensions of P. pestis grown on heart in-
fusion agar at 37°C and a solution of Fraction 1
antigen containing 100 ,ug/ml were diffused against
a monospecific Fraction 1 antiserum.

Serological tests have been standardized to detect
antibody to the specific Fraction 1 antigen of P.
pestis. The complement-fixation test (Chen, Quan &
Meyer, 1952) and the haemagglutination test (Chen
& Meyer, 1954) have been accepted by an inter-
national group of experts for the detection of plague
antibody in the sera of human beings (Baltazard et
al., 1956). In view of the small amount of blood
which can be obtained from many wild rodents, the
tube tests utilized by Chen and colleagues were
adapted to the Microtiter 1 equipment described by
Sever (1961). This equipment consists of dropping-
pipettes which deliver 0.025 ml, transfer loops cali-
brated to contain 0.025 ml with which dilutions of the
test sera are made, and plastic dilution plates. Sev-
eral modifications of the complement-fixation and
haemagglutination tests used by Chen and colleagues
were required for the satisfactory use of the Micro-
titer equipment.
The sera that were collected in the plague focus

were stored, uninactivated, at -20°C until tested.
For testing, an initial 1: 4 dilution was made of the
stored sera. This 1: 4 dilution of serum was inacti-
vated at 56°C for 30 minutes, just prior to use.

Complement-fixation (CF) test
The reagents and standardization procedures

recommended by Kent & Fife (1963) were used in
these studies. The modified CF test is performed as
follows. One drop of reagent diluent-triethano-
lamine-buffered saline (TBS)-is placed in each well
of a " U " dilution plate with a dropping-pipette.
Serial, twofold dilutions of the initial 1: 4 dilutions
of inactivated sera are then made with the transfer
loops. Replicate dilutions of each serum are made,
one to serve as the test and one for an anti-comple-
mentary control. The initial serum dilution tested for
complement-fixing antibodies was 1: 8. One drop of
complement, standardized to contain five 50%
haemolytic units, is then added to each well. A drop
of antigen (8 ,ug/ml of Fraction 1 in TBS) is added to
the test wells while the anticomplementary control
wells receive an additional drop of TBS. The plates
are sealed with plastic tape and gently agitated with a
Vortex mixer. The plates are then left overnight at
5°C. The following morning, two drops (0.05 ml) of
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sheep erythrocytes which have been previously
sensitized with haemolysin are added to each well.
The plates are again sealed, agitated and incubated
at 37°C for one hour, with occasional further
agitation. The tests are then read, using the mirror
provided in the Microtiter kit.

Haemagglutination test

The procedures for tanning and sensitization of
sheep erythrocytes with Fraction 1 antigen to prepare
the haemagglutination test antigen were exactly as
described by Chen & Meyer (1954). Two modifi-
cations of the test described by Chen & Meyer were
required to perform the test with Microtiter equip-
ment: (1) the concentration of normal, inactivated
rabbit serum in normal saline used as a diluent in the
test was increased from 1 % to 5 %; (2) the concen-
tration of tanned, sensitized sheep erythrocytes used
as antigen in the test was decreased from a 2.5 %
suspension to a 0.5 %Y suspension.

Sever (1961) advocated the use of " V " plates for
haemagglutination tests with Microtiter equipment.
The Microtiter kit is supplied with an assortment of
both " V " and " U " plates. The " V " plates, which
have V-shaped wells, were not satisfactory for the
haemagglutination test with Fraction 1 antigen.
Titres obtained with " U " plates correlated closely
with those obtained by the tube test while no corre-
lation with " V" plates was obtained. In a typical
experiment, with the same sera and antigen prepara-
tion, the tube titre was 1: 1024 and the Microtiter
"V " plate titre was 1: 32. The " U " plate was found
to be the only satisfactory plate for plague serology.
The initial 1: 4 dilutions of inactivated test sera

were adsorbed with sheep erythrocytes. A drop of
5% rabbit serum diluent was delivered into each
well of a " U " plate. Replicate, serial twofold
dilutions of adsorbed test sera were then made with
transfer loops. An additional drop of rabbit serum
diluent was then added to each well. One drop of
haemagglutination test antigen was added to each
well in the test series and one drop of non-sensitized,
tanned erythrocytes added to each well of the control
series. The initial serum dilution was 1: 24. The
plates were sealed with plastic tape and gently
agitated with a Vortex mixer. The plates were left
overnight at room temperature on a level surface and
then read, using the Microtiter reading mirror.

RESULTS

Pasteurellapestis strains 13, 70, 136, 150, 643, 1171,
708 and DPG-2, isolated in the enzootic focus, were
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TABLE 1

SERUM HAEMAGGLUTINATING ANTIBODY TITRES TO PASTEURELLA PESTIS FRACTION 1 ANTIGEN;
INDIAN FARM CANYON, UTAH, 1961-62

_ _ _ _ _ Serum titre Total Total Per-
centageI Rm

Month 1:24 1:48 1:96 1:192 1:384|1 :768 |1:1 5361:1 .6144 1: 24 576 positive tested positive: rks a

1961

March 2 1 1 4 17 24 P. pestis isolated

April 0 9 0 P. pestis isolated

May 1 1 20 5 P. pestis isolated

June 1 1 1 1 9

July 1 1 1 1 1 5 28 18

August 0 41 0

September 2 1 3 63 5

October 2 1 1 4 57 8

November 1 1 1 3 56 5

December 1 1 28 4 P. pestis isolated

1962I
January 1 1 19 5

February 3 1 4 29 14 P. pestis isolated

March 2 1 3 23 13

April 1 1 1 3 63 5

May 1 2 3 47 6

June 2 2 23 9

July 3 1 6 1 1 12 78 15

August 3 1 4 87 5

September 1 1 2 57 4

October 2 2 67 3

November 1 1 81 1

Totals 18 14 5 13 1 2 2 3 1 59 904 6.5 1

a Refers to isolaticn from either fleas or tissue.

found to have specific Fraction 1 antigen when tested
by the Ouchterlony technique.
The data obtained from testing 904 rodent sera

for haemagglutinating antibodies to the Fraction 1
antigen are shown in Table 1. Haemagglutinating
antibodies were detected in 59 of the 904 sera at a
dilution of 1: 24 or greater and were detected in the
rodent population for 19 of the 21 months in which
serum collections were made. Eight animals demon-
strated haemagglutinating antibodies but could not

be tested for complement-fixing antibodies due to
anticomplementary sera.

Table 2 lists the results obtained when the same
904 rodent sera were tested for complement-fixing
antibodies to Fraction 1 antigen. These antibodies
were detected in 37 of the 904 sera at a dilution of
1: 8 or greater and were detected in 12 of the 21
monthly samples tested.

Five animal sera reacted in both the complement-
fixation and haemagglutination tests for Fraction 1
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TABLE 2
SERUM COMPLEMENT-FIXING ANTIBODY TITRES TO PASTEURELLA PESTIS FRACTION 1 ANTIGEN;

INDIAN FARM CANYON, UTAH, 1961-62

Serum Titre Total Total 1Percentage]Month poiie tse poiieRemarks a
1:8 1 :16 1 :32 1:64 1 256 positive Tetad positive

1961

March 0 17 0 P. pestis isolated

April 0 9 0 P. pestis isolated

May 1 1 20 5 P. pestis isolated

June 1 1 11 9

July 1 1 2 28 7

August 3 1 4 41 10

September 2 1 3 63 5

October 3 1 4 57 8

November 0 56 0

December 1 1 28 4 P. pestis isolated

19-62

January 0 19 0

February 1 1 29 4 P. pestis isolated

March 4 1 1 6 23 26

April 8 1 1 10 63 16

May 2 1 3 47 6

June 1 1 23 4

July 0 78 0

August 0 87 0

September 0 57 0

October 0 67 0

November 0 81 0

Totals 23 7 4 2 37 904 4.1

a Refers to isolation from either fleas or tissue.

antibody. The data on these five animals are given
in Table 3. It was possible to test the serum of only
one of the four plague-infected mice which were
trapped. This infected Peromyscus, No. 643, reacted
strongly in both tests.
The accompanying histogram was constructed

from the data given in Tables 1 and 2. The months
in which it was possible to isolate P. pestis and the
percentages of the total number of animals trapped
in a particular month that reacted in either of the
two serological tests are shown. It can be seen that

two active plague seasons were encompassed by the
survey period. It was possible to isolate P. pestis
from the fleas or tissues of Peromyscus spp., in only
five of the 21 months in which the survey was con-
ducted. In contrast, antibodies to Fraction 1 were
detected in 20 of the 21 months.

DISCUSSION

The serological survey reported in this study
covered a period of some 21 months and encom-
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TABLE 3
PEROMYSCUS MANICULATUS TRAPPED IN AN ENZOOTIC
PLAGUE AREA, DEMONSTRATING BOTH COMPLEMENT-

FIXING (CF) AND HAEMAGGLUTINATING (HA)
ANTIBODIES TO PASTEURELLA PESTIS

(FRACTION I ANTIGEN)

) ~~~~~~Tltre
Month trapped Rodent No.

CF HA

1961

June 259 1:64 1:192

July 299 1:256 1:6144

December 643 a 1:64 1:6144

1962

March 717 1:8 1:24

March 724 1:64 1:192

a This rodent was Infected with P. pestis and was infested
with 12 P. pesfis-infected fleas.

passed two active plague seasons in an uncontrolled
plague focus. P. pestis was isolated from the rodent
population or from their fleas in five of the 21
months. The P. pestis isolated in the focus were
shown to have the specific Fraction 1 antigen. The

presence of plague infection in the rodent population
was associated with the appearance of complement-
fixing or haemagglutinating antibodies to the specific
Fraction 1 antigen in the sera of the rodent popula-
tion. Many rodents appear to have survived plague
infection during the course of the two active seasons.

Haemagglutinating antibody was detected in the
area every month, with but two exceptions. In one
month in which no haemagglutinating antibody to
Fraction 1 antigen was noted, the test sample con-
sisted of nine animals. The data show that this anti-
body is quite persistent and can be detected for long
periods of time when the isolation of P. pestis is not
possible owing to the seasonal absence of the or-
ganism.

In contrast, it appears that complement-fixing
antibodies to Fraction 1 antigen tend to occur with
greater frequency during definite periods in this
study. These periods follow shortly on the isolation
of P. pestis. A markedly decreasing number of
positive reactions was obtained with the passage of
time following each yearly outbreak of plague infec-
tion.
No results are available for those sera which may

have reacted at dilutions less than 1: 8 in the com-

COMPARISON OF THE PRESENCE OF PLAGUE (FRACTION 1) ANTIBODY AND OF PASTEURELLA PESTIS
IN A WILD RODENT POPULATION LIVING IN AN ENZOOTIC PLAGUE AREA, 1961-62

Month
1962 WHO 50191
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plement-fixation test or at 1: 24 in the haemagglu-
tination test. It is reasonable to assume, judging
from the distribution of titres in the reactive sera,
that additional positive reactions would have been
obtained if lower serum dilutions had been tested.
The quantity of serum available for evaluation of
these procedures did not permit testing of lower
dilutions.

Until the value of the now proposed serological
tests is fully established, parallel studies must be
made to detect the presence of P. pestis in rodents
and fleas.

It is tempting to draw conclusions from the sero-
logical data in this report that relate serological
reaction to time of infection. These studies suggest
that information as to the probable time of infection
may be obtained by such experiments; however, it is
impossible to tell from these data when individual
animals were infected or how many times they were
subjected to the bites of infective fleas. It would be
highly desirable to establish baseline data for ran-
domly trapped, representative rodent species in each
particular plague area under test.

This study shows that P. pestis antibody is more
readily detected than P. pestis. Serological surveys
are feasible at all times of the year and are extremely
useful in indicating the necessity for prophylactic
control measures at times when actual isolation of
P. pestis cannot be made.
The life-span of rodents, particularly commensal

rats, involved in the transmission cycle of plague
infection is very short (Ecke, 1955; Harrison, 1956).

A progressively decreasing number of positive
serological reactions within a period of several
months should indicate the effectiveness of control
measures.
A word of caution is required. These tests are

simple and reliable. However, it is essential that the
Fraction 1 antigen be carefully prepared and stan-
dardized, and all reagents must be of the highest
quality to ensure that sera are properly tested. These
micromethods were developed for field survey
purposes since they are economical of both reagents
and personnel. If, however, it is not possible to use
the above-described systems, the procedures outlined
by Chen, Quan & Meyer (1952) and Chen & Meyer
(1954) should be followed.

CONCLUSIONS

The isolation of P. pestis is seasonal. Many
rodents living in an enzootic focus appear to survive
infection with P. pestis. The sera of these rodents
contain antibodies to the specific Fraction 1 antigen
of P. pestis and these antibodies can be detected with
complement-fixation and haemagglutination tests.

Serological testing should be incorporated into
routine plague survey measures. Both complement-
fixation and haemagglutination tests should be used.
This serological testing should: (1) help to determine
the necessity for a plague control programme; (2)
determine the effectiveness of any control pro-
gramme; and (3) enhance the possibilicy of detecting
and delimiting plague foci during off-seasons.
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RtSUMIt

De mars 1961 a novembre 1962, les auteurs ont, par
des m6thodes serologiques tres specifiques, recherche'
les anticorps antipesteux chez les rongeurs sauvages
vivant dans un foyer de peste sylvatique de l'Utah, USA.
Durant cette periode de 21 mois, 904 rongeurs ont ete

captur6s par piegeage mensuel. Les s6rums ont 6te
prelev6s et ont ete soumis aux epreuves d'hemagglutina-
tion et de deviation du complement, l'antigene utilis6
etant une pr6paration tres purifiee de la fraction antig&
nique 1 de Pasteurella pestis. On a par ailleurs cherch6 A

isoler P. pestis a partir des puces recueillies sur les
rongeurs, et des tissus des animaux sacrifi6s.
Ce demier proc6d6 n'a permis d'identifier P. pestis

que pendant cinq mois de l'enquete. En revanche, les
m6thodes s6rologiques ont montr6 la pr6sence des anti-
corps antipesteux dans les serums r6coltes pendant
20 mois sur 21. Le test d'h6magglutination a Wt6 positif
pendant une longue periode (19 mois) alors que la
reaction de fixation du compl6ment, plus fugace, ne
persistait que peu de temps apres les periodes d'isolement
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positif de P. pestis correspondant aux recrudescences de
l'infection pesteuse.
Ces observations font ressortir 1'int6ret des methodes

serologiques pour 1'etude de foyers de peste. Elles
permettent de depister les anticorps antipesteux chez les
rongeurs A tout moment, alors que l'isolement de P. pestis

est soumis a des influences saisonnieres et est impossible
a certaines epoques de l'annee. Elles devraient etre
utilisees dans les enquetes menees dans le cadre de la
lutte antipesteuse pour donner une indication sur la
n6cessit6 de prendre des mesures ou pour en evaluer
1'efficacite.
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