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A monoclonal antibody for the specific
diagnosis of plague*

J. E. WILLIAMS,1 M. K. GENTRY,2 C. A. BRADEN,3 G. L. TYNDAL,3 P. L. ALTIERI,4
S. BERMAN,5 & D. M. ROBINSON6

A stable mouse-cell hybridoma was obtained that secretes an IgA monoclonal antibody
reactive with thefraction 1 (Fl) envelope antigen ofYersinia pestis. Titres ofthe antibody
typically rangedfrom 1:32 768 to 1:65 536 in mouse ascitic fluids.

The monoclonal antibody formed a line ofprecipitation when run against Fl antigen
in Ouchterlony gel diffusion tests. In tests of 235 strains of Y. pestis, lines of identity
occurred between the precipitatesformed with a solution ofpurified Fl antigen and the Fl
antigen produced by the plague strains. No precipitates formed for 65 strains that were
incapable of elaborating Fl antigen. Specificity of the monoclonal antibody for strains of
Y. pestis producing Fl was also indicated by negative results for 50 yersinia strains other
than Y. pestis tested by an ELISA that used the antibody to capture antigen.

Experiments to determine the shelf-life ofthe antibody were conducted over 3-4 years.
When the monoclonal antibody wasfreeze-dried in vials, titre was retainedfor three years
when the vials were stored at -70 'C but only for two months when they were stored at
ambient temperatures. When the antibody was freeze-dried in wells of ELISA plates,
sensitivity of the plates for capture of Fl antigen was preserved for four years when the
plates were stored at -70 'C compared with two weeks for plates stored at room
temperature. When a solution of the antibody was sealed in wells of ELISA plates and
refrigerated at 4 'C, reactivity of the antibody and sensitivity of the plates were retained
for a year.

Alternativesfor the application ofthis monoclonal antibody in ELISA and otherplague
diagnostic procedures are discussed.

The potential applications of monoclonal anti-
bodies as reagents in tests for the diagnosis,
surveillance and control of plague have just begun to
be explored. To date, monoclonal antibodies reactive
with the specific fraction 1 (Fl) envelope antigen of
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the plague bacillus (Yersinia pestis) have been
applied to radioimmunoassay (RIA) (1), enzyme-
linked immunosorbent assay (ELISA) (2-5), and the
passive haemagglutination test (6, 7).

This report concerns the characterization and uses
of an anti-Fl monoclonal antibody, 3G8, developed
in our laboratory, that has proved to be of particular
value for the specific diagnosis ofhuman plague when
used in ELISA to detect both antigen (3, 5) and
antibodies (5) in the blood of patients.

MATERIALS AND METHODS

Hybridoma production
Plague vaccine, USP, E Medium (Lot M0319) was

used to immunize BALB/c mice on day 24 and day 3
prior to use for hybridoma production.a Lymphocytes

a Research was conducted in compliance with the Animal
Welfare Act, other Federal statutes and regulations, and the Guide
for the care and use oflaboratory animals, NIH publication 85-23.
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from mouse spleens were fused with cells of the
mouse myeloma line P3x63Ag8, in the presence of
polyethylene glycolb, with a 5:1 ratio of spleen cells
to tumour cells (8, 9). Culture supernatants were
screened for antibody to the Fl antigen using RIA in
microtitration plates (10). RIA utilized 10 ,g of Fl
antigen per well. The second antibody in the RIA was
rabbit anti-mouse IgG+IgM +IgAc, affinity purified
(11) and labelled with 1251 using the chloramine T
method (12). Hybrid lines secreting antibody were
cloned on semi-solid agarose over feeder layers of
fibroblastic cells (8, 9). Hybridoma immunoglobulin
subclass determinations were made using cell culture
supernatants in a blocking RIA (8).

Ascitic fluid production
All experiments reported in this paper utilized one

pool of ascitic fluids produced by inoculation of the
hybridoma line 3G8 into BALB/c mice primed with
Pristaned (8).

Ouchterlony tests ofplague strains for Fl antigen
A total of 300 Y. pestis strains from the collection

ofthe Department ofHazardous Microorganisms was
tested for Fl antigen, including 65 strains known to
have lost the ability to produce this antigen. Y pestis
organisms were grown on brain-heart infusion agar
for 48 hours at 37 °C, killed by exposure to chloro-
form vapour for 10 minutes, and scraped from the
agar surface in 0.5 ml saline containing 0.1 % sodium
azide. Ouchterlony gel diffusion tests were done in
0.2 mm layers of 1% Noble agar (13). Each test
included a well with 0.15 ml of ascitic fluid placed 5
mm from two other wells, one with 0.1 ml of purified
Fl antigen (250 yg/ml) and the other with 0.1-0.2 ml
of a Y. pestis suspension. A positive test showed lines
of precipitation between the well with monoclonal
antibody and both of the other wells. A valid negative
test displayed a line of precipitation only between the
monoclonal antibody and the Fl antigen control.
Negative results were confirmed with a second test in
which an anti-Fl rabbit serum was used in place of
monoclonal antibody.

ELISA ofyersinia strains
An ELISA to detect Fl antigen (5), using ELISA

plates sensitized with 3G8 ascitic fluid for capture of
antigen, an anti-Fl rabbit serum globulin as second
antibody, and an anti-rabbit peroxidase-labelled con-

b PEG 1000, Baker Chemical Co., Phillipsburg, NJ, USA.
c Calbiochem, Behring Diagnostics, San Diego, CA, USA.
d Pfaltz & Bauer, Inc., Stanford, CT, USA.

jugatee, was performed on 50 yersinia strains to
further evaluate the specificity of the monoclonal
antibody. The yersinia strains tested were: 12
Y pseudotuberculosis, including serotypes la, lb,
2a, 2b, 3, 4, 5, and 6; 14 Y. enterocolitica, including
serotypes 0:3, 0:8, 0:9 and some untyped strains; 8
Y. intermedia; 4 Y. frederiksenii; 4 Y. kristensenii; 2
Y. ruckeri; and 2 Y. aldovae. Two Y. pestis strains,
A1122 (ATCC 11953) and EV 76 Paris, both of
which elaborate Fl antigen, were also tested as posi-
tive controls. All strains were cultured on blood agar
at 37 °C for three days, then killed by exposure to
chloroform vapour for 10 minutes and removed from
the agar surface in 1 ml of saline containing 0.1%
sodium azide. Tests of twofold dilutions prepared
from a 100 ng/ml soluton ofFl antigen were included
to determine the ELISA sensitivity. Endpoints were
based on the difference between ELISA and ELISA-
inhibition to eliminate the effect of any background
coloration (3, 5).

Stability of monoclonal antibody when freeze-dried
in vials
A 50% dilution (1:2) of ascitic fluid in saline, was

dispensed into 10 ml vaccine vials (0.2 ml/vial) and
freeze-dried under vacuum. Vials were then capped
under vacuum. Each vial contained 635 Ag nitrogen,
equivalent to about 12 mg of protein, as determined
by micro-Kjeldahl followed by nesslerization. At
intervals, the vials were rehydrated to give a 1:20
dilution of the ascitic fluid, and titre was determined
by ELISA using plates sensitized with F1 antigen (14)
and peroxidase-conjugated anti-mouse IgG (H+L)e.
In addition, the ability of the rehydrated monoclonal
antibody to sensitize ELISA plates was tested by
diluting the 1:20 solution to 1:10 000 in phosphate
buffered saline (PBS), pH 7.0, for use as a sensitizing
solution. ELISA plates sensitized with the mono-
clonal antibody were evaluated for ability to detect
antigen (5) in twofold dilutions prepared from a
40 ng/ml solution of Fl.

Stability of monoclonal antibody stored in wells of
ELISA plates
ELISA plates were sensitized with 100 11/well of a

1:5000 dilution of ascitic fluid in PBS, pH 7.0, at
4 °C for 48 hours. Most plates were freeze-dried
under vacuum and sealed with tape to prevent sub-
sequent exposure to moisture. Freeze-dried plates
were stored at -70 °C and ambient temperatures
(about 25 °C). Some plates were not freeze-dried but

' Kirkegaard & Perry Laboratories, Inc., Gaithersburg, MD,
USA.
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Table 1. Worldwide sources of strains of Y. pestis posi-
tive for Fl antigen in Ouchterlony tests with monoclonal
antibody 3G8

Region and country No. of strains

North America
USA 70

South America
Peru 23
Brazil 3
Bolivia 2

Africa
Namibia 27
Madagascar 5

Asia
Vietnam 47
India 16
USSR 12
Burma 1 1
Indonesia (Java) 11
Iran 5
Yemen 2
Cambodia 1

were sealed with tape to prevent the evaporation of
the sensitizing liquid and returned to 4 °C for
storage. At intervals, plates from each group were
evaluated for sensitivity with tests of dilutions
prepared from 40 ng/ml or 400 ng/ml solutions of Fl
antigen (5).

RESULTS

Monoclonal antibody 3G8, an IgA, was one of four
antibodies to Fl antigen secreted by hybridoma
clones obtained from cell fusions. Monoclonal anti-
body 3G8 occurred at high concentrations in mouse
ascitic fluids, with titres from ELISA typically in the
range of 1:32 768 to 1:65 536. The other antibodies,
one an IgG, and two of the IgG3 isotype, were
produced to lower titres in mouse ascites, and so were
not chosen for primary consideration. However, the
IgG1 antibody, designated as antibody 9B1 1, has been
applied successfully in an RIA to detect Fl antigen
(1).
Monoclonal antibody 3G8 proved to be unusual in

several respects. In addition to being an IgA, it re-
acted with Fl antigen in agar gel to form a visible line
of precipitation, and it consistently sensitized the
plastic of 96-well ELISA plates when at a high
dilution in a neutral buffer solution. Thus, antibody
3G8 was very easy to use for ELISA.

In the Ouchterlony tests, monoclonal antibody 3G8
reacted with the F antigen produced by 235 strains of
the plague bacillus from various foci of the disease
(Table 1). Ouchterlony tests of 65 other strains failed
to show a line of precipitation, and these strains were
negative when retested with anti-Fl rabbit serum in
place of the monoclonal antibody. Consequently,
monoclonal antibody 3G8 never gave false-positive
reactions in tests of Y. pestis strains that were in-
capable of producing Fl antigen.
ELISA of Y. pseudotuberculosis, Y. enterocolitica,

Y. intermedia, Y. frederiksenii, Y. kristensenii,
Y. ruckeri and Y aldovae always gave negative
results. In contrast, with identical cultural conditions
and sample preparation procedures, Y. pestis strain

Table 2. Preservation of titre and sensitizing ability after freeze-drying monoclonal antibody 3G8 in vials

Storage
Fl antigen detected in ELISA

Test Temperature Months Titrea (ng/ml)

Antibody not dried (control) -70 OC 2 1:32 768 0.8-1.6

Antibody freeze-dried in vials -70 OC: 2 1:16 384 0.8
18 1:4096 0.8
24 1:16 384 0.8-1.6
30 1:4096 3.1
36 1:4096 6.3

About 25 OC: 2 1:8192 0.8-1.6
3 1:4096 1.6
6 1:512 3.1

Titre of ascitic fluid rehydrated to a 1:20 dilution. Test variation was plus or minus one twofold dilution.
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Table 3. Stability of monoclonal antibody 3G8 in contact with the plastic substrate of ELISA plates

Storage
Fl antigen detected in ELISA'

Test Temperature Months (ng/ml)

ELISA plates sensitized in the 4 OC 0 0.6-2.5
week used (controls)

ELISA plates with sensitizing -70 OC: 12 1.3-2.5
liquid freeze-dried in wells 28 1.3-1.6

24 1.6-3.1
36 1.6-6.3
48 1.6-3.1

About -25 OC: 0.5 1.3-2.5
2 5.0-6.3
4 3.1-10.0
9 50.0

ELISA plates with sensitizing 4 OC: 4 1.3-2.5
liquid sealed in wells 6 1.3

12 0.8-1.6

Range for controls from 18 tests; other ranges from 4-8 tests.

EV76 Paris produced 2.0 ,ug Fl/ml and Y pestis
strain A1 122 produced 4.1 gg Fl/ml. The sensitivity
of detection in these assays was 3-6 ng Fl/ml.

Preservation of monoclonal antibody 3G8 depen-
ded on temperature. Titre was retained for three
years, the time limit for testing, in vials of freeze-
dried antibody stored at -70 °C, but a significant
decline in titre occurred when the vials were stored
for six months at room temperatures (Table 2). After
two years, antibody from vials stored at -70 °C
showed a slightly reduced ability to sensitize ELISA
plates, which was insignificant for most practical
applications of ELISA.
The effect of storage temperature was again

observed when the antibody was freeze-dried in the
wells of ELISA plates. Sensitivity of the ELISA for
the detection of Fl antigen was preserved for four
years when the plates were stored at -70 °C but
deteriorated after just two months of storage at room
temperatures (Table 3).
Although plates sensitized with the monoclonal

antibody were stored for years at -70 °C, storage in
vials proved to be more practical in terms of efficient
use of freezer space. Vials were rehydrated as needed
for sensitizing the plates or for other purposes.
ELISA plates stored at 4 °C containing a 1:5000
dilution of antibody sealed in the wells remained
useful for one year (Table 3). Contamination in the
wells of sensitizing solution was never observed.

After a year, some wells on the margins of plates
dried out. Dried wells had lowered sensitivity, or
none at all, for the detection of antigen, so such plates
could not be relied on for consistent results.

DISCUSSION

Monoclonal antibody 3G8 is appropriate for plague
diagnostic tests because it specifically reacts with the
Fl antigen, a protein that is unique to Y. pestis. In
experiments, antibody 3G8 precipitated the Fl anti-
gen produced by all 235 strains of the plague bacillus
that produced the antigen. These strains had been
isolated in 14 countries, representing various foci of
the disease. These results suggest that the usefulness
of monoclonal antibody 3G8 is not limited by narrow
strain specificity. Indeed, the Fl determinant targeted
by monoclonal antibody 3G8 appears to be identical
in all strains of the bacillus. Caution must be
exercised, however, in the interpretation of negative
assays based upon antibody 3G8 or any other
monoclonal antibody reactive with Fl antigen. As
illustrated in this study, an anti-Fl monoclonal
antibody cannot be used successfully to diagnose
plague or to identify isolates when the Y. pestis strains
involved are incapable of elaborating the antigen.
While strains deficient in Fl antigen occur in nature
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(15), human infections with such strains are probably
infrequent (16).

In this study, ELISA was employed to determine
the shelf-life of antibody 3G8. Two aspects of shelf-
life were evaluated, the titre and the ability to sen-
sitize ELISA plates. Measurement of titre, essentially
a test of reactivity with the F1 antigen, is the more
sensitive indicator of antibody preservation. The
ability to sensitize evaluates both reactivity with
antigen and the ability of the antibody to attach to the
plastic substrate. An excess of antibody is used to
sensitize the ELISA plates, so a small loss of titre in
vials of freeze-dried antibody is of no practical
consequence for ELISA.

Activity of monoclonal antibody 3G8 is preserved
for at least three years when freeze-dried and stored at
-70 'C. In addition, the freeze-dried antibody in
vials shows little loss in signal after two months at
ambient temperatures. Thus, vials of the antibody can
be sent or transported to remote areas for use in

serological surveys or epidemiological field investi-
gations. Upon receipt at the field laboratory, the
antibody can be rehydrated and a stock of sensitized
ELISA plates then prepared and refrigerated for use,
as required. Indeed, we have done this with success
(5). The refrigerated plates can be expected to remain
useful for up to a year, but it is important to use 100
,gl/well of sensitizing solution and to tape the plates to
retard drying.
We have employed monoclonal antibody 3G8 in

ELISA, RIA and gel diffusion tests. Other potential
diagnostic applications remain to be investigated, in-
cluding its use for fluorescent microscopy, latex
agglutination and passive haemagglutination. A
monoclonal antibody has been applied to the latter
assay in the USSR (6, 7).
The hybridoma cell line secreting monoclonal

antibody 3G8 is available from the American Type
Culture Collection.

RESUME

UN ANTICORPS MONOCLONAL POUR LE DIAGNOSTIC SPECIFIQUE DE LA PESTE

Cet article a trait a la caracterisation et aux utilisations
d'un anticorps monoclonal employe dans l'ELISA pour
diagnostiquer la peste humaine par detection de l'antigene
et des anticorps pesteux dans le sang des malades. L'anti-
corps 3G8, une IgA qui reagit avec l'antigene Fl de Yersinia
pestis, a ete obtenu par fusion de lymphocytes de rate de
souris avec des cellules de myelome de souris de la lign6e
P3x63Ag8. Cet anticorps a ete secrete a des titres allant de
1:32 768 a 1:65 536 dans de l'ascite de souris. La speci-
ficite de cet anticorps pour l'antigene Fl a ete confirmee en
soumettant diverses souches de Yersinia aux epreuves
de diffusion en gel d'Ouchterlony ou a l'ELISA. Cet anti-
corps monoclonal forme une ligne de precipitation lorsqu'il
est mis en presence d'antigene Fl dans les epreuves
d'Ouchterlony. Dans des dpreuves portant sur 235 souches
de Y. pestis, isolees dans 14 pays, les lignes de precipitation
formees avec l'antigene Fl produit par les souches de
bacille pesteux correspondaient a celles obtenues avec une
solution d'antigene Fl purifie. Dans les epreuves portant
sur 65 souches incapables de fabriquer l'antigene F 1, aucun
precipite ne s'est forme. Un ELISA avec capture de l'anti-
gene Fl par l'anticorps monoclonal a donne des resultats
negatifs pour 50 souches de Yersinia autres que Y. pestis,
alors que les souches de Y. pestis produisant du F 1 et
utilisees comme tdmoins etaient positives.
On a mene pendant 3 a 4 ans des experiences destinees a

determiner la durde d'utilisation de l'anticorps 3G8. La
conservation du titre etait liMe a la temperature de stockage.
Apres lyophilisation en flacons de l'ascite contenant l'anti-
corps monoclonal, le titre etait conserve pendant trois ans a
-70 OC (temperature la plus basse essay6e), mais seule-

ment pendant deux mois a temperature ambiante. Lorsqu'on
lyophilisait l'anticorps dans les godets des plaques ELISA,
la sensibilitd de ces plaques pour detecter l'antigene Fl etait
conservee pendant 4 ans a -70 OC, mais seulement pendant
deux semaines a temperature ambiante. En scellant les
plaques ELISA contenant une solution d'anticorps, et en les
maintenant au refrigerateur a 4 OC, on a pu les utiliser
pendant un an, periode au bout de laquelle les godets situes
au bord des plaques se sont desseches de facon imprdvisible,
rendant celles-ci inutilisables.

Les experiences sur la duree d'utilisation et les etudes
effectuees sur le terrain ont indique que les flacons d'anti-
corps lyophilise peuvent etre envoyes ou transportes vers
des regions reculees pour servir a des enquetes sdrologiques
ou a des etudes epidemiologiques de terrain. DMs son arriv6e
dans le laboratoire de terrain, l'anticorps peut etre rehydrate
et l'on peut preparer une serie de plaques ELISA sensi-
bilisees, qui seront refrigerees ou non selon les besoins. Les
plaques conservees au refrigerateur restent utilisables
pendant un an, mais il faut employer 100 ul de solution
sensibilisante par godet et les sceller avec un ruban adhesif
afin de retarder leur dessechement.
Nous avons employe l'anticorps monoclonal 3G8 dans

l'ELISA, le titrage radio-imniunologique et les epreuves de
diffusion en gel. nI reste a en etudier d'autres applications
potentielles pour le diagnostic, notamment en microscopie
par fluorescence, dans l'agglutination au latex et dans
l'hemagglutination passive.
On peut se procurer la lignee cellulaire d'hybridome

secretant l'anticorps monoclonal 3G8 aupres de l'American
Type Culture Collection.
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