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Monoclonal antibodies (MAbs) were produced to four Chlamydiapsittaci isolates: NJ1 and TT3 from turkeys,
VS1 from a parakeet, and B577 from an ovine abortion. MAbs were tested for reactivity with each isolate by
the indirect immunofluorescent antibody technique and for neutralization by an inclusion reduction neutral-
ization technique in tissue culture. Two genus-specific and 14 serovar-specific MAbs were produced.
Genus-specific MAbs reacted with aHl avian and mammalian isolates; however, each failed to neutralize its
homologous chlamydial isolate. Turkey isolates NJ1 and TT3 were antigenically similar; serovar-specific MAbs
produced to each reacted equally with both isolates yet showed little or no reaction with other serovars.
Serovar-specific MAbs to the parakeet and abortion isolates were distinct; no cross-reactions were seen with
other serovars. None of the serovar-specific MAbs reacted with an ovine arthritis isolate. Of the 14
serovar-specific MAbs, 13 partially neutralized homologous strains with or without the addition of comple-
ment. Because of the high specificity, the serovar-specific MAbs used with the immunofluorescence technique
provided a rapid and precise method to identify three serovars of C. psittaci

The genus Chlamydia is currently composed of two spe-
cies, C. trachomatis and C. psittaci, on the basis of their
susceptibility to sulfadiazine and their production of glyco-
gen (9). C. trachomatis, known only to infect humans and
mice, is composed of three biotypes on the basis of natural
hosts, disease signs, and biological properties (9). The three
biotypes are in turn composed of 15 immunotypes on the
basis of various immunological tests.

C. psittaci comprises a diverse group of strains that have
a broad host range and pathogenic potential. Attempts to
group strains into serovars have produced limited success.
Schachter et al. (16, 17), by using conventional antisera in a
plaque reduction neutralization test, were able to classify
several bovine and ovine isolates into two serological types.
Spears and Storz (19), working primarily with mammalian
isolates, identified eight biotypes on the basis of inclusion
morphology and response to metabolic inhibitors added to
the cell cultures. Later, Perez-Martinez and Storz (14)
identified nine immunotypes by using conventional antisera
with the microimmunofluorescence technique. These efforts
have demonstrated that C. psittaci comprises a heteroge-
neous group of organisms and that efficient methods for
serotyping the group have yet to be developed.
Monoclonal antibodies (MAbs) to C. trachomatis have

been used quite successfully for both serotyping (2, 27) and
laboratory diagnosis (20, 23). However, attempts to produce
MAbs to C. psittaci have resulted in only limited success.
There are reports of production of MAbs to an ovine
abortion isolate and to a pigeon isolate (4, 24). A few of the
MAbs have been serovar specific and have shown high
specificity to the homologous isolate; however, most have
been only genus specific.
The goal of this research was to produce MAbs that were

serovar specific and that could be used for both diagnostic
testing and immunotyping of C. psittaci isolates. MAbs were
prepared against three avian isolates and an ovine abortion
isolate. Hybridoma clones were selected which secreted
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antibody that produced bright fluorescence with the homol-
ogous strain by the indirect fluorescent antibody (IFA)
technique and that lacked reactivity with heterologous iso-
lates. MAbs were tested by the IFA technique for isolate
specificity and by the inclusion reduction method for their
ability to neutralize homologous strains.

MATERIALS AND METHODS
Chlamydial strains. Four C. psittaci isolates-NJ1 and

TT3 from turkeys, VS1 from a parakeet, and B577 from an
ovine abortion-were used to produce MAbs. The resultant
MAbs were tested against 12 chlamydial isolates for strain
specificity. The origin and other related information for each
isolate are summarized in Table 1. Chlamydiae were adapted
for growth in Vero cells by centrifuging the inoculum onto
Vero cell monolayers in 25-cm2 tissue culture flasks. Follow-
ing adaptation for growth in Vero cells, chlamydiae were
grown in 850-cm2 roller bottles. Chlamydiae were harvested
for use between their third and sixth passages in tissue
culture.

Cell cultures. Vero cells were cultured in Eagle minimum
essential medium with Earle balanced salts, 20 mmol of
HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic
acid)-5% fetal bovine serum per liter, 5.4 mg of glucose per
liter, 292 mg of glutamine per liter, 2 ,ug of amphotericin B
per ml, and 10 ,ug of gentamicin sulfate per ml. The same
medium, with the addition of 0.5 jig of cycloheximide per ml,
was used following inoculation of the Vero cells with chla-
mydiae.
Chlamydial antigens for production of MAbs. Partially

purified ethylenimine (EI)-inactivated suspensions of chla-
mydial elementary bodies (EBs) were used to immunize
mice. Chlamydial isolates were grown in Vero cell monolay-
ers in tissue culture. Chlamydiae were harvested between 2
and 4 days following inoculation of the monolayer, depend-
ing on the isolate. Media and cells from four to six 850-cm2
roller bottles were pooled and then centrifuged at 500 x g for
10 min to remove cellular debris. Chlamydiae were concen-
trated by centrifugation at 10,000 x g for 60 min, suspended
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TABLE 1. Isolates of C. psittaci

Chiamydial Origin Yr Host Disease Reference
isolate isolated or source

VS1 Ga. 1985 Parrot Psittacosis NVSLa
6BC Calif. 1941 Parakeet Psittacosis ATCCb
VS2 Minn. 1985 Love Bird Psittacosis NVSLa
TT3 Tex. 1975 Turkey Ornithosis Pagec
NJ1 N.J. 1959 Turkey Ornithosis 10
SCT S.C. 1973 Turkey Ornithosis 12
VT Va. 1965 Turkey Ornithosis Paged
B577 Utah 1962 Sheep Abortion 21
EBA Calif. 1959 Cattle Abortion 22
OSP Oreg. 1985 Sheep Abortion Andersene
IPA Iowa 1968 Sheep Polyarthritis 11

a Diagnostic Virology number 85-37190 (VS1) or 85-36830 (VS2); National Veterinary Services Laboratory, Ames, Iowa.
b American Type Culture Collection, VR-125. No reference given.
' Isolated by L. Page from the 1974 to 1976 Texas outbreak (13).
d Isolated by L. Page.
e Isolated by A. Andersen from material supplied by 0. Hedstrom, Corvallis, Oreg.

in distilled H20, and purified by centrifugation into a 30 to
50% step sucrose gradient at 10,000 x g for 60 min. The layer
containing chlamydial EBs was collected, diluted threefold
in distilled H20, pelleted by centrifugation at 10,000 x g for
60 min, and suspended in 5 ml of phosphate-buffered saline.
The suspension contained approximately 108 inclusion-
forming units per ml prior to inactivation.

Chlamydial EBs were inactivated by adding a sufficient
quantity of a 1% solution of El to obtain a final concentration
of 0.05% (7). The mixture was incubated for 24 h at 37°C in
a water bath. After incubation, a 40% thiosulfate solution
was added to give a final concentration of 2% to neutralize
the El. The pH was adjusted to the 7.2 to 7.6 range with
sodium bicarbonate. The inactivated EBs were used to
immunize mice for hybridoma production and as antigens for
typing of MAbs.
The chlamydiae used for neutralization tests were grown

in roller bottles as described above. Following removal of
cellular debris and concentration by pelleting, the chlamyd-
ial EBs were suspended as a 1Ox suspension containing 107
to 109 inclusion-forming units per ml in sucrose phosphate
buffer (3), dispensed into ampoules, and frozen at -80°C.

Production of hybridomas and MAbs. BALB/c mice were
immunized to the four Chlamydia isolates by intraperitoneal
injection of 0.2 ml of the El-inactivated chlamydial suspen-
sion. Blood samples were taken 3 weeks later and tested for
seroconversion by the IFA technique described below.
Seropositive mice were given an intravenous dose of 0.2 ml
of antigen 3 days prior to cell fusion. Cell fusion and cloning
of antibody-secreting hybridomas of interest were accom-
plished by using procedures described in detail previously
(25, 26). Clones finally selected for production of MAbs were
introduced into the peritoneal cavities of pristane-primed
BALB/c mice for ascites production.

Testing and selection of hybridomas. Hybridoma cell cul-
ture fluids were screened for antibody by the IFA technique
with confluent 24-h-old monolayers of Vero cells infected
with C. psittaci. Cell monolayers were grown in 96-well
multiwell dishes, inoculated with each Chlamydia strain at
approximately 104 to 105 inclusion-forming units per 0.1 ml,
and fixed with 50% acetone-50% methyl alcohol at 24 to 72
h postinoculation, depending on the time of optimal inclu-
sion development by each particular strain. Hybridomas
were screened for antibody by adding 75 RIzl of a 1:5 dilution
of harvested cell culture fluid to each test well and then
incubated for 1 h at room temperature, washed, and stained

with 50 ,u of fluorescein-conjugated anti-mouse immuno-
globulin G (IgG) (heavy- and light-chain-specific) serum at a
dilution of 1 to 30 (Organon Teknika, Malvern, Pa.) for 1 h.
Wells were read by inverting the plates under an epifluores-
cence microscope and checking for staining of inclusions at
a x 125 to x 160 magnification.

Clones positive for the homologous strain were retested
for cross-reaction with heterologous strains by the same
technique. The hybridomas selected were recloned once and
then retested by the IFA technique for brightness of fluores-
cence and for specificity prior to production of ascites fluids.
The MAbs were isotyped with a commercially available
enzyme-linked immunosorbent assay kit (Bio-Rad).

Titration of ascites fluid. MAbs in ascites fluids were
titrated by the IFA test as described above. The fluids were
first screened at a 1:16 dilution, those testing positive were
retested by using a twofold-dilution series. The highest
dilution giving a clearly detectable fluorescence was re-
corded as the final dilution.

Neutralization test. MAbs were assayed for their neutrali-
zation activity by measuring the decrease in inclusion-
forming units (8). Ascites fluids were heat inactivated at 56°C
for 30 min immediately before each experiment. Serial
10-fold dilutions of ascites fluids were made in cell culture
medium without serum. Equal volumes of Chlamydia EB
suspensions were added after dilution in tissue culture media
to provide a final 100 to 200 inclusions per 10 microscope
fields. The diluent for the chlamydiae contained either 10%
heat-inactivated fetal bovine serum or 10% fresh guinea pig
serum to provide complement. The mixture was incubated at
37°C in a CO2 incubator for 1 h, after which 0.1 ml was
inoculated on each of three wells on a 24-h-old Vero cell
monolayer grown in 24-well multiwell dishes. The multiwell
dishes were centrifuged at 1,000 x g for 1 h at 28°C, after
which the inoculum was removed and replaced with 1.0 ml of
cell culture media containing 0.5 ,ug of cycloheximide per ml.
The monolayers were fixed with a 50% methanol-50%
acetone mixture at 24 to 72 h, depending on the chlamydial
isolate. Monolayers were stained and examined by the IFA
technique by using a group-reactive MAb to B577 and a

fluorescein-conjugated anti-mouse antiserum. The average
number of inclusions for the 10 low-power (x 160) micro-
scope fields of the three wells for each dilution was com-
pared with counts from a fetal calf control serum and from a
normal ascites fluid at each dilution. A reduction of 50% or
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TABLE 2. IFA reactions of different C. psittaci isolates mediated by MAbs to four isolates

Chlamydial isolate'
MAb

VS1 6BC VS2 TT3 NJ1 ScT VT B577 EBA OSP IPA

VS1/C4 4,096 4,096 4,096
VS1/E8 8,192 8,192 4,096
VS1/F9 4,096 4,096 4,096 -
VS1/E3 4,096 4,096 4,096 -
TT3/C6 2,048 2,048 1,024 1,024 1,024 2,048 2,048 1,024 1,024 1,024 1,024
TT3/E11 32 16 2,048 8,192 4,096 4,096
TT3/A12 32 2,048 2,048 1,024 1,024
NJ1/B1O 2,048 2,048 2,048 1,024
NJ1/C1 - 4,096 8,192 4,096 4,096
NJ1/A4 - 4,096 8,192 4,096 4,096 -
B577/D1 4,096 4,096 8,192 8,192 8,192 8,192 8,192 8,192 4,096 4,096 4,096
B577/E9 1,024 1,024 1,024
B577/B1 8,192 8,192 8,192
B577/D8 - - 1,024 1,024 1,024 -
B577/F3 - - 8,192 8,192 8,192
B577/A11 - 8,192 4,096 4,096

a Titer is the reciprocal of the dilution giving a clearly readable fluorescence of the inclusion bodies.-, No reaction detected at a 1:16 dilution.

more at a given dilution was considered positive. Each
experiment was repeated at least twice.

RESULTS

One fusion for each chlamydial isolate was performed,
yielding 100 to 150 primary hybridomas from 480 wells
plated. Each fusion yielded 12 to 15 hybridomas which
tested positive by the IFA technique to the homologous
strain. The positive hybridomas were retested for reactivity
for heterologous strains by the same technique. Approxi-
mately 70% of the positive hybridomas from each isolate
were species specific, reacting only with the homologous
isolate. Ultimately, three to six hybridomas from each fusion
were selected on the basis of brightness of fluorescence and
specificity of reactivity to the homologous strain. Two
group-reactive hybridomas were also selected for monitoring
growth of chlamydiae and for comparison studies; these
were included in the study. The hybridomas selected were
recloned once, retested for specificity, and introduced into
mice for production of ascites fluids. The results of testing
the MAbs against various isolates of avian and mammalian
origin are shown in Table 2.
Two genus-specific MAbs (TT3/C6 and B577/D1) reacted

with all isolates tested. The MAb TT3/C6 gave good fluores-
cence at a titer of 1: 1,024 to 1:2,048 with all isolates, whereas
the titers for the MAb B577/D1 ranged from 1:4,096 to 1:
8,192. These isolates gave similar titers when tested for
reactivity by the IFA test with the mouse pneumonitis and
the lymphogranuloma venereum (LGV type II, strain 434)
strains of C. trachomatis (data not shown).
The remaining 14 serovar-specific MAbs reacted with

isolates of the homologous serovar at a dilution of 1:1,024
and at higher dilutions and failed to react at a dilution of 1:16
with isolates of heterologous serovars. The only exceptions
to this were the two serovar-specific MAbs to TT3 (TT3/E11
and TT3/A12), which gave low-level (1:32) titers with the
VS1 isolate; the fluorescence produced was of low intensity.
MAbs were tested for their ability to neutralize the homol-

ogous chlamydial strain by testing for the ability to reduce
the number of inclusions following infection of tissue culture
monolayers. The highest dilution giving a 50% or greater
reduction, along with the percent reduction observed at that

dilution, is given in Table 3. The two group-reactive MAbs,
TT3/C6 and B577/D1, did not show any ability to neutralize
the homologous strains. Also, a serotype-specific MAb,
TT3/A12, failed to show neutralizing activity. The remaining
13 MAbs had neutralizing titers of 102 to 104, as shown in
Table 3. Lower dilutions of the MAbs resulted in only a
slight increase in ability to neutralize the homologous strain,
and at no time was complete neutralization evident. The
MAbs which demonstrated neutralizing ability were retested
without complement. The results without complement were
similar (data not shown).
MAbs were subtyped by the enzyme-linked immunosor-

bent assay technique. All were of the IgG type; the specific
subtype for each is given in Table 3.

DISCUSSION

Sixteen antibody-secreting hybridomas, including 14 sero-
var-specific and 2 genus-specific clones, were produced to

TABLE 3. Neutralization titers of MAbs against the homologous
C. psittaci isolate in cell cultures

MAb Immunoglobulin C. psittaci Neutralization:subclass strain %a Titerb

VS1/C4 IgG2a VS1 54-78 10-3
VS1/E8 IgG2b VS1 76-82 10-s
VS1/F9 IgG2a VS1 80-84 10-3
VS1/E3 IgG2a VS1 75-83 10-2
TT3/C6 IgG3 TT3 <10
TT3/E11 IgG3 TT3 68-80 1o-3
TT3/A12 IgG3 TT3 <10
NJ1/B10 IgG3 NJ1 63-85 10-
NJ1/C1 IgG2b NJ1 70-76 10-4
NJ1/A4 IgG2b NJ1 80-85 10-a
B577/D1 IgGl B577 <10
B577/E9 IgG3 B577 68-83 10-4
B577/B1 IgG2b B577 78-85 10-3
B577/D8 IgG3 B577 69-75 10-3
B577/F3 IgG2a B577 63-79 10-4
B577/A11 IgG2a B577 58-77 10-3

a Maximum percentages in any 10-fold dilutions in tests repeated twice.
bMaximum dilutions in serial 10-fold dilutions that gave more than 50o

reduction in inclusion counts in repeated tests.-, No neutralization at 10-1.
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four isolates of C. psittaci. The four isolates represented
three serovars (two avian serovars and one ovine abortion
serovar). By using the IFA technique to detect chlamydial
inclusions in infected tissue culture monolayers, three dis-
tinct serovars of C. psittaci were identified with the MAbs
produced. They are represented by the MAbs TT3 and NJ1,
which reacted with the four virulent turkey isolates (TT3,
NJ1, VT, and SCT); the MAbs to VS1, which reacted with
psittacine isolates VS1, 6BC, and VS2; and the MAbs to
B577, which reacted with abortion isolates EBA, B577, and
OSP. One isolate, IPA, an ovine arthritis isolate, failed to
react with any of the serovar-specific MAbs. The results
show that the serovar-specific MAbs are highly strain spe-
cific, with little or no reaction with heterologous strains, and
that they can be used to serotype chlamydial isolates both
rapidly and accurately.
The results described above are in agreement with re-

ported attempts to biotype or serotype C. psittaci isolates
with conventional (polyclonal) antisera. The abortion isolate
is of immunotype/biotype 1, on the basis of earlier studies (5,
14, 16-19); IPA, which is an ovine arthritis isolate and likely
of immunotype/biotype 2, would not be expected to react
with it. Previous biotyping or serotyping has not included
avian isolates other than an occasional reference strain. In
those attempts, the avian isolates have also been in a
separate group. Banks et al. (1) proved that neutralizing
antibody to avian C. psittaci isolates could be measured by
the plaque reduction neutralization test. Their results indi-
cated that there were at least two avian serotypes of C.
psittaci and that virulent turkey isolates formed a potential
group that was serologically distinct from the other isolates.
There are two reports on production of MAbs to C.

psittaci. DeLong and Magee (4) reported on the production
of MAbs to an ovine abortion strain. They succeeded in
producing eight MAbs following three fusions. One MAb
produced by in vitro immunization was serovar specific; the
remaining MAbs were genus specific. The serovar-specific
MAb was able to identify the abortion isolates and was
nonreactive with the ovine arthritis isolates. Toyofuku et al.
(24) produced five MAbs to a pigeon isolate. Two were
serovar specific and reacted only with the homologous
strain. By using the MAbs, they classified 9 C. psittaci
isolates of pigeon origin into three serological groups and 16
isolates from budgerigars into four serological groups. Clas-
sification was based on titer levels obtained with the MAbs
in the enzyme-linked immunosorbent assay, microimmuno-
fluorescence test, and complement fixation test. Because
these researchers used different chlamydial strains and pri-
marily group-reactive MAbs, the results should not be
compared with our results.
There are no previously published reports on the ability of

MAbs to C. psittaci to show neutralizing ability. This is in
part due to the problems associated with producing serovar-
specific MAbs. In this study, it was found that 13 of the 14
serovar-specific MAbs neutralized the homologous strain in
tissue culture and that the neutralizing ability was indepen-
dent of complement. This is in contrast with published
reports on MAbs to C. trachomatis, in which complement is
reported to be required (8). Previous reports on neutraliza-
tion tests with C. psittaci that used murine and chicken sera
do not indicate a need for complement for neutralization (1,
6, 15).
Mice used for the cell fusion procedure were immunized

with El-inactivated whole chlamydiae, and the resulting
clones were selected by testing for inclusions in chlamydia-
infected tissue culture monolayers which were fixed with a

methyl alcohol-acetone mixture. The choice of El as an
inactivant was fortunate for the production of serovar-
specific MAbs because, in subsequent tests, the resulting
serovar-specific MAbs reacted only poorly or not at all with
chlamydiae in tissues or tissue cultures fixed with 10%
Formalin. Because many of the MAbs that were selected
were serovar specific and would also neutralize the homol-
ogous isolate, this would indicate that Formalin treatment of
chlamydiae may destroy many of the serovar-specific anti-
genic sites needed to produce neutralizing antibodies. For-
malin has been used extensively for the inactivation of
chlamydiae for vaccines and for production of hyperimmune
sera, and the destruction of these antigenic sites may explain
some of the problems encountered in producing neutralizing
antibody.

Fragility of the serovar-specific antigenic sites may ex-
plain the results in two earlier reports on production of
MAbs. DeLong and Magee (4), using Formalin as an inacti-
vant, reported production of six genus-specific MAbs and
only one serovar-specific MAb; Toyofuku et al. (24), using
beta-propiolactone as an inactivant, produced three genus-
specific and two serovar-specific MAbs. It is clear that a
critical evaluation is needed of chemicals used for the
inactivation of C. psittaci for production of vaccines, hyper-
immune sera, and MAbs.

This study demonstrates that serovar-specific MAbs can
be produced to different C. psittaci isolates and that these
MAbs can be used to classify the C. psittaci group defini-
tively and accurately into distinct serovars. The serovar-
specific MAbs give an all-or-none reaction when used at
proper dilutions; when a positive reaction is detected, the
specificity is such that one can be confident that the isolate is
of the same serovar. Also, because of the specificity and
ease of performing the IFA test, little training is needed to
interpret the results. The serovar-specific MAbs also have
potential for adaptation to a number of diagnostic techniques
which can rapidly and simultaneously provide both a diag-
nosis of Chlamydia infection and serovar identification.
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