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Mycoplasma agassizii (proposed species novum) is the etiologic agent of an upper respiratory tract disease in
the desert tortoise (Gopherus agassizii), which is threatened in most of its range. An enzyme-linked
immunosorbent assay (ELISA) for the detection of M. agassizii-specific antibodies in desert tortoises was

developed with a monoclonal antibody with specificity for desert tortoise immunoglobulin light chain. Plasma
samples from one group of tortoises were tested immediately before and 1 month after challenge either with
nasal exudate containing M. agassizii or with a purified preparation of M. agassizii. Plasma samples from a

second group of known healthy and sick tortoises were also tested. In the first group, the ELISA detected
seroconversion in individual tortoises following challenge with M. agassizii. In the second group, ELISA results
were positively correlated with the health status of the tortoises, as determined by clinical and pathologic
findings. In addition, the ELISA revealed that tortoise antimycoplasma antibodies were specific forM. agassizii
when samples were assayed against M. agassizii, M. pulmonis, M. testudinis, and M. gallisepticum antigens. The
observed direct correlation between the presence of nasal mucosal lesions and M. agassizii-specific antibodies
proved that the ELISA reliably diagnosed M. agassizii infection in desert tortoises and advocates its use for
monitoring M. agassizii-induced upper respiratory tract disease in free-ranging desert tortoises.

Over the past two decades an upper respiratory tract
disease (URTD) in the desert tortoise (Gopherus agassizii)
has contributed significantly to the decline of this species
(15). Tortoises with URTD characteristically show clinical
signs of rhinitis with clear to purulent nasal discharge,
palpebral edema, dehydration and cachexia in the late
stages, and a high mortality rate. In April 1990, desert
tortoises in areas north and west of the Colorado River in the
United States were listed as threatened by the U.S. federal
government (7).

During the course of recent studies on the pathology of
URTD, a new Mycoplasma strain was isolated from several
clinically sick tortoises (4, 15). This strain, designated My-
coplasma agassizii (proposed species novum), was shown to
be the principal etiologic agent of URTD by fulfillment of
Koch's postulates in recent experimental transmission stud-
ies (4, 5). At present, there is no rapid and reliable diagnostic
procedure that can be used to detect M. agassizii infection in
desert tortoises, thus severely limiting the availability of the
critical epidemiologic information needed for the manage-
ment of URTD in free-ranging desert tortoise populations.

Serologic tests are most frequently used in the diagnosis of
mycoplasmal infections, especially when isolation of the
Mycoplasma species is time-consuming or difficult because
of the fastidious growth requirements of the mycoplasma. In
this report, we describe an enzyme-linked immunosorbent
assay (ELISA) for the detection of antibodies to M. agassizii
in desert tortoises (G. agassizii). This ELISA is the first
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immunological test which can be used to monitor a large
free-ranging reptile population for an epidemic disease.

MATERIALS AND METHODS

Antigen preparation for ELISA and immunoblotting. M.
agassizii, M. gallisepticum, M. pulmonis, and M. testudinis
were used as antigens in ELISAs and Western blots (immu-
noblots). M. agassizii was isolated from a desert tortoise
with clinical signs of URTD (15). M. pulmonis X1048, a
clinical isolate, was obtained from Maureen Davidson, Uni-
versity of Alabama at Birmingham. M. gallisepticum 19610
and M. testudinis 43263 were obtained commercially (Amer-
ican Type Culture Collection, Rockville, Md.).
Antigen preparation for ELISA. For antigen preparation

for ELISA (6), a 1-liter culture of each mycoplasma was

grown in SP4 supplemented with 20% fetal bovine serum (25)
and was harvested in the mid-logarithmic growth phase, as

indicated by a color change of the medium, by centrifugation
at 10,000 x g for 30 min at 4°C. The pellet was washed three
times with sterile phosphate-buffered saline (PBS; pH 7.3).
Bacterial contamination was monitored by inoculation of
brain heart infusion agar plates (Difco Laboratories, Detroit,
Mich.). The washed pellet was suspended in sterile PBS to
give a final protein concentration of 5 mg of protein per ml,
as determined by the protein assay of Bradford (3). Cells
were lysed by incubation in 20 volumes of 0.05 M carbonate-
bicarbonate buffer (pH 10.0; lysing buffer) for 30 min at 37'C
and neutralized with 2.2 g of boric acid per 100 ml of lysing
buffer, as described by Horowitz and Cassell (14). The lysate
protein content was determined by the protein assay of
Bradford (3). All antigens were stored at -70°C.

Antigen preparation for immunoblotting. One liter of each
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mycoplasma strain in mid-logarithmic growth was centri-
fuged at 12,000 x g for 30 min. The pellet was washed three
times with sterile PBS (pH 7.3) and then suspended in 2 to 5
ml of sterile distilled water. The protein concentration was
determined by the protein assay of Bradford (3) and adjusted
to 2 to 5 mg/ml with sterile distilled water. An equal volume
of 2x sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) sample buffer containing bromphenol
blue was added (10). The antigen preparations were stored at
-20°C and were used at a concentration of 1 mg/ml.
Desert tortoise plasma samples. Blood samples were col-

lected from the jugular vein of each tortoise and were placed
in sodium-heparinized glass tubes (Becton Dickinson Vacu-
tainer Systems, Rutherford, N.J.) to prevent clotting.
Plasma was obtained by low-speed centrifugation of the
tubes at 350 x g in a Beckman GPR centrifuge (Beckman
Instruments, Inc., Palo Alto, Calif.) for 10 min at room
temperature. All plasma samples were stored at -20°C in a
manual defrost freezer until the analyses were performed.
Plasma samples were collected from a group of 24 desert

tortoises which were part of a comprehensive anatomical,
histopathological, microbiological, and electron microscopic
study of URTD at our institution. Plasma samples from
URTD-free and URTD-infected tortoises, as determined by
the presence or absence of clinical signs and pathologic
lesions typical of URTD, were used for the present study. In
addition, plasma samples were obtained from a separate
group of 12 tortoises which were being used in a transmis-
sion study. Four of these tortoises were challenged intrana-
sally with crude nasal exudates from desert tortoises with
signs of URTD, and eight were challenged with pure M.
agassizii (derived from a single colony and used for inocu-
lation after the third passage in SP4 broth). The plasma
samples used were obtained from these tortoises immedi-
ately before intranasal challenge and at 1 and 3 months after
challenge.

Conjugates. Mouse monoclonal antibodies (MAbs) against
desert tortoise immunoglobulin (IgY) (light and heavy chain)
(9, 19) were produced by following a standard hybridoma
protocol (16, 20, 23). Briefly, IgY was purified from desert
tortoise plasma (2) and was used to immunize 6- to 8-week-
old female BALB/c mice. The spleen cells of the hyperim-
mune mice were fused with myeloma cells (Sp2/O). Super-
natants from the resulting hybridoma cells were screened by
ELISA and Western blotting for antibodies specific for
desert tortoise IgY light chain [IgY(L)J and IgY heavy chain
[IgY(H)], respectively. After intraperitoneal injections of the
selected cloned hybridomas into BALB/c mice, ascitic fluid
samples containing the desired MAbs were harvested. The
MAb specific for desert tortoise IgY(L) was designated
HL673, and the MAb specific for desert tortoise IgY(H) was
designated HL665. MAb HL673 was isotyped as an immu-
noglobulin G1 (IgGl) and MAb HL665 was isotyped as an
IgG2b by using a mouse MAb isotyping kit (Amersham
Mouse Monoclonal Antibody Isotyping Kit Code RPN.29;
Amersham International plc, Amersham, United Kingdom).
MAbs were purified from the ascitic fluid samples on protein
G affinity columns (Protein G Sepharose Fast Flow; Phar-
macia LKB, Uppsala, Sweden) and biotinylated with Im-
muno Pure NHS-LC-Biotin (120 ,ug of biotin per mg of
antibody; Pierce, Rockford, Ill.) (8). Polyclonal rabbit anti-
Russian tortoise (Testudo [4g,ionemys] horsfieldii) (poly-
clonal anti-T. horsfieldii) IgY and IgM, specific for T. hors-
fieldii IgY(H) and IgM(H), respectively, obtained from H.
Ambrosius, Leipzig, Germany, were tested for their cross-
reactivities with desert tortoise plasma and were used in the

initial stage of the study to verify the subclasses of the
purified desert tortoise immunoglobulins. Aliquots of affini-
ty-purified polyclonal rabbit anti-T. horsfieldii IgY(H) and
polyclonal rabbit anti-T. horsfieldii IgM(H) were biotiny-
lated.
ELISA procedure. Each well of a microtiter plate (Max-

isorp F96; Nunc, Kamstrup, Denmark) was coated with 50
,ul of antigen at a concentration of 10 ,g/ml in 0.01 M sodium
phosphate buffer (pH 7.2) containing 0.15 M NaCl and 0.02%
NaN3 (PBS/A), and the plates were incubated at 4°C over-
night (11). The wells were washed four times with PBS/A
containing 0.05% Tween 20 (PBS-T) with an automatic
ELISA washer (EAW II; LT-Labinstruments, 5082 Groedig/
Salzburg, Austria) and then blocked with 250 pl of PBS/A
containing 1% bovine serum albumin per well at room
temperature for 60 min or at 4°C overnight. After four more
washes, 50 ,ul of plasma diluted 1:2 and 1:10 and then up to
1:3,200 with PBS/A was added to individual wells in dupli-
cate, and the plates were incubated at room temperature for
60 min. The wells were washed again as described above,
and 50 pul of the biotinylated MAb HL673 diluted 1:500 in
PBS/A or biotinylated polyclonal anti-T. horsfieldii IgM(H)
or biotinylated polyclonal anti-T. horsfieldii IgY(H), both
diluted 1:50 in PBS/A, was added to the appropriate wells.
The wells were incubated at room temperature for 60 min
and washed as described above. The wells were filled with 50
p,l of alkaline phosphatase-labeled streptavidin (AP-strepta-
vidin; 1:1,000 dilution in PBS/A; Zymed Laboratories, Inc.,
San Francisco, Calif.), and the plates were incubated at
room temperature for 60 min. After washing the wells four
times with PBS-T, 50 pul of p-nitrophenyl phosphate diso-
dium (1 mg/ml prepared in 0.01 M sodium bicarbonate buffer
[pH 9.6] containing 2 mM MgCl2; Sigma, St. Louis, Mo.)
was added to each well, and the plates were incubated in the
dark at room temperature for 60 min. The A405 of each well
was measured in an ELISA plate reader (EAR 400 AT;
SLT-Labinstruments, 5082 Groedig/Salzburg, Austria). In
each assay, the blank was the mean value for two wells
coated with antigen and incubated with the conjugate and the
substrate only. Plasma from a desert tortoise that was
culture negative for M. agassizii and free of lesions indica-
tive of URTD served as a negative control. Plasma from a
desert tortoise infected with M. agassizii and with lesions
indicative of URTD was the positive control. Positive and
negative controls were included on each plate to determine
interplate variation. All antibodies used in the ELISAs were
biotinylated. Antibody levels were expressed as the ratio of
the A405 of the sample to the A405 of the negative control.
Plasma was considered to be positive for M. agassizii-
specific antibody when the enzyme immunoassay (EIA) ratio
(the optical density at 405 nm [OD405] of the sample/OD405 of
the negative control) was above the value derived by the
ratio of two times the mean of the negative control OD405 to
the mean of the negative control OD405 (two times the mean
of the negative control OD405Jmean of the negative control
OD405). This translates into cutoffs of EIA ratios of 2 for
either dilution, which corresponds to cutoffs of 0.690 OD405
for the 1:2 plasma dilution and 0.618 OD405 for the 1:10
plasma dilution.

Immunoblotting. To demonstrate the specificities of our
MAbs, pooled desert tortoise plasma (diluted 1:20 in PBS/A)
was separated by SDS-PAGE under reducing conditions by
using a precast 10% Tris-glycine gel (Novex, San Diego,
Calif.) as described previously (18). The proteins were then
electrophoretically transferred from the gel to a nitrocellu-
lose sheet (BA-S 83; Schleicher & Schuell, Inc., Keene,

VOL. 31, 1993



1456 SCHUMACHER ET AL.

N.H.) (12, 24) by using the Novex Western transfer appara-
tus and the instructions provided by Novex. A Tris-glycine
buffer (pH 8.3; Novex) in 20% methanol was used as the
transfer buffer. The blotting time was 120 min at a constant
voltage of 30 V. Once the transfer was complete, the
nitrocellulose was blocked immediately with PBS/A contain-
ing 5% nonfat dry milk and the mixture was incubated at
room temperature on an orbital shaker overnight. The nitro-
cellulose was then washed three times (5 min per wash) with
PBS-T and placed into a trough manifold (PR 150 Mini Deca
Probe; Hoeffer Scientific Instruments, San Francisco, Ca-
lif.). A total of 300 ,l of biotinylated anti-desert tortoise
immunoglobulin MAb HL673 and MAb HL665 (diluted
1:500 in PBS/A) and polyclonal anti-T. horsfieldii IgY(H)
(diluted 1:50 in PBS/A) was loaded into each channel and
were incubated on the nitrocellulose for 90 min at room
temperature on an orbital shaker. After three more washes
with PBS/A, the nitrocellulose was removed from the man-
ifold and was incubated with AP-streptavidin (diluted
1:1,000 in PBS/A) at room temperature for 90 min. After
three more washes with PBS/A, the blot was developed with
substrate buffer (0.1 M Tris HCl, 1 mM MgCl2 [pH 8.8])
containing 44 ,l of nitroblue tetrazolium chloride (NBT) and
33 RI of 5-bromo-4-chloro-3-indolylphosphate p-toluidine
salt (BCIP) per 10 ml of substrate buffer. NBT and BCIP
were obtained commercially (Immunoselect, GIBCO BRL,
Gaithersburg, Md.). All antitortoise antibodies used for
immunoblotting were biotinylated as described before.

Statistical analysis. Differences in the levels of specific
antibody in challenge plasma were determined by Student's
paired t test. The relationship between specific antibody
levels and nasal mucosal lesions was analyzed by chi-square
analysis with Yate's correction factor. A P value of <0.05
was considered significant.

RESULTS

Development of MAbs specific for desert tortoise immuno-
globulins. MAbs specific for desert tortoise immunoglobulins
were developed to ensure the long-term availability of highly
specific secondary antibodies for testing of plasma from
desert tortoise populations by ELISA. Figure 1 shows the
Western blot reactivity on desert tortoise plasma of the
IgY(L)-specific MAb HL673 and the IgY(H)-specific MAb
HL665. Lanes 2, 4, and 6 were negative controls in which
PBS/A was substituted for primary antibody. The blot (lane
7) shows that MAb HL673 reacted with a single band at
approximately 27,000 Da corresponding to desert tortoise
IgY(L). Mab HL665 reacted with a single band at approxi-
mately 65,000 Da (lane 5) corresponding to desert tortoise
IgY(H) (1). Polyclonal anti-T. horsfieldii IgY(H) and poly-
clonal anti-T. horsfieldii IgM(H) were tested on the same
immunoblot for their cross-reactivities with desert tortoise
plasma in order to determine whether these antibodies,
although available in very limited supply, could serve as
polyclonal reference reagents for the newly developed
MAbs. Polyclonal anti-T. horsfieldii IgM(H) (lane 1) reacted
with one major dark band at approximately 74,000 Da which
corresponds to desert tortoise IgM(H). Polyclonal anti-T.
horsfieldii IgY(H) (lane 3) reacted with a single band of
approximately 65,000 Da which corresponds to desert tor-
toise IgY(H) (1). MAb HL673 also reacted with desert
tortoise IgM(L), as determined by ELISA on IgM-rich
fractions of desert tortoise immunoglobulins (22).

Determination of ELISA parameters. Plasma samples were
obtained from desert tortoises before and after challenge
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FIG. 1. Western blot analysis of polyclonal antibody and MAb
reactivities on desert tortoise plasma. Lane 1, polyclonal anti-T.
horsfieldii IgM(H); lane 3, polyclonal anti-T. horsfieldii IgY(H); lane
5, Mab HL665; lane 7, Mab HL673; lanes 2, 4, and 6, PBS/A
controls. MW, molecular weight markers. Pooled desert tortoise
plasma (1:20 dilution) was separated by SDS-PAGE. Polyclonal
antibodies were used at a 1:50 dilution. MAbs were used at a 1:500
dilution.

with M. agassizii and nasal exudate from desert tortoises
with URTD and from desert tortoises with and without
clinical signs and pathologic lesions indicative of URTD. It
was possible to detect M. agassizii-specific antibodies in
these samples by using MAbs HL673 and HL665 or poly-
clonal anti-T. horsfieldii antibodies as secondary antibodies.
The strongest signal, however, was obtained with biotiny-
lated MAb HL673, which was used in all subsequent exper-
iments. Figure 2 shows the anti-M. agassizii antibody titers
measured in plasma samples from three different tortoises
which were either (i) sick with signs and lesions indicative of
URTD, (ii) healthy without signs or lesions indicative of
URTD, or (iii) healthy (desert tortoise E2) immediately
before and 1 month after challenge with nasal exudate from
desert tortoises with URTD. Antibody levels against M.
agassizii were high in the known URTD-positive tortoise
and in tortoise E2 1 month after challenge. Antibody levels
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FIG. 2. Titration of desert tortoise plasma samples in the ELISA

for antibodies to M. agassizii. Plasma samples were from a URTD-
free animal and a URTD-positive animal and from a pre- and
postchallenge tortoise (tortoise E2), as indicated. Biotinylated MAb
HL673 was used as secondary antibody at a 1:500 dilution.
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FIG. 3. Western blot analysis of desert tortoise plasma samples
tested by the ELISA for which the results are shown in Fig. 2. Lane
3, plasma from tortoise E2 before challenge with M. agassizii
antigens; lane 1, plasma from tortoise E2 1 month after challenge;
lane 5, plasma from a URTD-free tortoise; lane 7, plasma from a

URTD-positive tortoise; lanes 2, 4, and 6, PBS/A controls. MW,
molecular weight markers. M. agassizii was used as antigen at a

concentration of 1 mg/ml. Biotinylated MAb HL673 was used as

secondary antibody at a 1:500 dilution.
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FIG. 4. Antibody levels to M. agassizii as detected by the
ELISA in the course of a transmission study. Desert tortoise plasma
samples were tested at a 1:10 dilution. Ml to M8, eight desert
tortoises challenged with pure M. agassizii preparation; El to E4,
four desert tortoises challenged with M. agassizii-positive nasal
exudates from sick desert tortoises.

were very low in the URTD-free tortoise and undetectable in
tortoise E2 before challenge.

Confirmation of antigen-antibody reaction in desert tortoise
plasma samples by immunoblot analysis. In order to test the
antigen-antibody reaction in an independent assay, Western
blots were performed on antigen preparations ofM. agassizii
(1 mg/ml) separated by SDS-PAGE. The immunoblot was
carried out by using the same pre- and postchallenge plasma
from tortoise E2 and plasma from the same known URTD-
positive and URTD-free tortoises tested in the ELISA.
Figure 3 shows the reactions of plasma from the URTD-free
tortoise (lane 5) and prechallenge plasma from tortoise E2
(lane 3) with M. agassizii antigens. Plasma from the URTD-
positive animal (lane 7) and postchallenge plasma from
tortoise C5 (lane 1) show strong antibody responses to
multiple antigenic species in the M. agassizii preparation,
which supports the results obtained previously in the ELISA
(Fig. 2).

Detection of seroconversion in individual tortoises by the
ELISA. The ability of the ELISA to detect specific antibody
in desert tortoises exposed to M. agassizii was further
evaluated in two groups of tortoises which were challenged
either with pure M. agassizii or with nasal exudate contain-
ing M. agassizii. Antibody levels were measured in prechal-
lenge plasma samples and plasma samples obtained 1 and 3
months after challenge. Plasma dilutions were 1:10. Figure 4
shows that small increases in the levels of M. agassizii-
specific antibodies could be detected 1 month after challenge
in most animals receiving either pure M. agassizii (animals
Ml to M8) or nasal exudate (animals El to E4) (P < 0.02).
Three months after the challenge, however, both groups of
tortoises showed a further significant increase in levels of
specific antibody in comparison with the prechallenge values
(P < 0.0001). The tortoise in the exudate group with the
highest antibody level (tortoise E2) died before it could be
tested at 3 months postchallenge.

Specificity of desert tortoise antibody response for different
Mycoplasma strains. The specificities of tortoise antimyco-
plasma antibodies for mycoplasma strains M. agassizii, M.

pulmonis (mammalian), M. testudinis (reptilian), and M.
gallisepticum (avian) were determined by the ELISA. Tests
were carried out on the pre- and postchallenge plasma from
tortoise E2 and plasma from the known URTD-positive and
URTD-free tortoises tested previously (Fig. 2 and 3). With
the exception ofM. pulmonis, very low levels of antibody to
antigens of the tested Mycoplasma strains were detectable in
the prechallenge plasma and in the plasma of the URTD-free
tortoise (Fig. 5). Postchallenge plasma and plasma from the
URTD-positive tortoise showed high antibody levels to M.
agassizii and low antibody levels to M. gallisepticum and M.
testudinis. In both of these plasma samples, the antibody
response to M. pulmonis was greater than the responses to
M. gallisepticum and M. testudinis.
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FIG. 5. Antibody levels against various Mycoplasma strains in
1:10 dilutions of desert tortoise plasma determined by the ELISA.
The plasma samples were the same as those tested previously (see
legends to Fig. 2 and 3). Biotinylated MAb HL673 was used as
secondary antibody at a 1:500 dilution.
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TABLE 1. Reproducibility of the ELISAW

Plasma sample Dilution Meabn SD CVC

Negative control 1:2 0.345 0.077 22.30
1:10 0.309 0.052 16.80

Positive control 1:2 2.621 0.114 4.35
1:10 2.765 0.109 3.94

a Reproducibility is on the basis of 16 tests, each including duplicates of the
negative and the positive control plasma at 1:2 and 1:10 dilutions.

b Mean A405 values of 16 observations.
c CV, coefficient of variation.

Reproducibility of the ELISA. An estimate of the repro-
ducibility of the ELISA is given in Table 1. Interassay
reproducibility was determined by calculating the mean
A405, the standard deviation, and the coefficient of variation
for the negative and positive controls of 16 ELISAs over a
time period of 2 months by using the same batch of M.
agassizii antigen, plasma, and MAb HL673.

Correlation of the presence of M. agassizii-specific antibod-
ies and the presence of URTD in desert tortoises. Lesions in
the nasal mucosae were significantly correlated (P = 0.0297;
chi-square analysis) with the detection of M. agassizii-
specific antibody by ELISA (Table 2). M. agassizii-specific
antibody was detected in 1:10-diluted plasma of all of the
clinically sick animals with lesions. One clinically sick
animal with M. agassizii-specific antibody did not have
lesions. One clinically healthy animal exhibited lesions, but
no M. agassizii-specific antibody could be detected in its
plasma. M. agassizii-specific antibody was detected in two
clinically healthy animals without lesions.

DISCUSSION

The study described here represents the first attempt to
apply the tools of biotechnology to the development of a
diagnostic serologic test for measuring pathogen-specific
antibody in reptile plasma. The results demonstrate that the
ELISA can reliably detect antibodies to M. agassizii in the
desert tortoise (G. agassizii). The ELISA was found to have
a high degree of specificity for the detection of M. agassizii
antibodies in desert tortoise plasma and a high degree of
sensitivity for distinguishing desert tortoises with antibodies
to M. agassizii from desert tortoises without specific anti-
bodies. The ELISA also can detect seroconversion and
monitor the development of antibody responses to M. agas-
sizii in newly infected tortoises.

In the tortoise, the dynamics of the immune response and

TABLE 2. Correlation of the presence of URTD-related lesions
with the presence of M. agassizii-specific antibodies in 23
individual desert tortoises diagnosed as clinically healthy or
clinically sick by the absence or presence of nasal discharge

No. of desert tortoises
Diagnostic results (n = 23)a

Healthy Sick

Lesion +, antibody + 4 11
Lesion +, antibody - 1 0
Lesion -, antibody - 4 0
Lesion -, antibody + 2 1

a Healthy, no nasal discharge; sick, nasal discharge present.

the isotype and affinity of the antibodies are determined by
the antigen type, temperature, and seasonal factors indepen-
dent of temperature (1). Anti-desert tortoise IgY(L) MAb
was chosen as the secondary antibody for the ELISA
described here because it is available in unlimited quantities,
has a constant quality, and detects not only antibodies of the
IgY class but also antibodies of the IgM class because of the
structural identities of the light chains of the known immu-
noglobulin classes in tortoises (1). As a result, the ELISA
measures total plasma antibody against M. agassizii. Since
the practical purpose of the ELISA is to detect tortoises with
any level of circulating M. agassizii-specific antibodies,
immunoglobulin subclass-specific secondary antibodies
were not considered to be advantageous for this application.
The validity of this view was reinforced by ELISA studies in
which the use of the anti-IgY(L) MAb as the secondary
antibody yielded the same relative antibody titers in plasma
samples and detected all antibody-positive tortoises which
could be detected by using either biotinylated polyclonal
anti-IgM(H) antibody or polyclonal anti-IgY(H) antibody as
secondary reagents (22). The future availability of MAbs
specific for desert tortoise IgM will allow more detailed
study of the antibody subclass response to M. agassizii in
the desert tortoise.
Although some immunological studies have been carried

out by Ambrosius (1) on the tortoise T. horsfieldii and
Hermann's tortoise (Testudo hermanni), no studies have
evaluated the immune system of the desert tortoise (G.
agassizii). In our study, the heavy and light chains of both
the high-molecular-weight immunoglobulin (IgM-like) as
well as the low-molecular-weight immunoglobulin (IgY) of
the desert tortoise were found to be heavier than those
reported for the respective immunoglobulins of the tortoise
T. hermanni (1). Ambrosius (1) reported molecular weights
of 70,000 and 23,000, respectively, for the heavy and light
chains of the high-molecular-weight immunoglobulin and
63,000 and 23,000, respectively, for the heavy and light
chains of the low-molecular-weight immunoglobulin. How-
ever, because of the intrinsic error in determining molecular
weights by SDS-PAGE, these values should only be consid-
ered estimates (13).
An ELISA has never been used before to study an

infectious disease in a free-ranging reptile. There was no
alternative test which we could use as a reference. Myco-
plasma culture alone was not reliable as a diagnostic tool
because it is difficult to grow M. agassizii and growth of the
organism requires 3 to 6 weeks for primary isolation. Since
there were no preexisting control groups of confirmed neg-
ative and positive sera available, we had to confirm the
perceived health status of individual tortoises by pathologic
and histologic evaluations of necropsy specimens. Only 24
animals were made available for the necropsy studies de-
scribed here since desert tortoises are listed as threatened by
the U.S. federal government.
We had only one large plasma sample from a tortoise

proven to be URTD-free and one large sample from a
severely affected URTD-positive tortoise to serve as the
negative and positive controls, respectively, during develop-
ment of the ELISA. For routine diagnostic use of this
ELISA in the future, large collections of both positive and
negative plasma samples from necropsied animals need to be
established for use as controls.

In three of the four plasma samples tested (Fig. 2), the OD
for the 1:10 sample dilution was higher than that for the 1:2
sample dilution, demonstrating the presence of a prozone
effect. This was similar to the results obtained recently by
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Kao et al. (17) for an ELISA designed to measure anti-
human leukocyte antigen antibodies in human blood trans-
fusion recipients. In that assay, some false-negative results
were observed with samples at a 1:2 dilution. In order to
avoid this potential problem, each plasma sample should be
assayed for the presence of M. agassizii-specific antibodies
at 1:2 and 1:10 dilutions. This also ensures that animals with
low levels of specific antibody will not be missed, which is
important for monitoring animal populations. The criteria for
positive and negative ELISA results will be refined once a
larger number of tortoises with verified health status are
available.
The ELISA was found to be both sensitive and specific for

M. agassizii. The presence of low levels of antibody to M.
pulmonis, a mammalian Mycoplasma strain commonly
found in small rodents, may be due to the fact that small
rodents are frequently found to live as commensal organisms
in desert tortoise burrows (26). Therefore, it is possible that
the tortoises were exposed to M. pulmonis and mounted a
limited immune response. Alternatively, some common an-
tigens may be shared between M. pulmonis and M. agassizii.
Rodents infected with M. arthntidis react with the M.
pulmonis ELISA antigen; however, animals infected with
M. pulmonis do not recognize the M. arthitidis ELISA
antigen (21).
The direct correlation between the presence of histopatho-

logic nasal mucosal lesions and the detection ofM. agassizii-
specific antibodies by the developed ELISA justifies the use
of this ELISA for the diagnosis of M. agassizii infections in
the desert tortoise (G. agassizii). M. agassizii-specific anti-
body was detected in the plasma of all of the clinically sick
animals with lesions. One clinically sick animal with M.
agassizii-specific antibody did not have lesions. One clini-
cally healthy animal exhibited lesions but had no M. agas-
sizii-specific antibody in its plasma. M. agassizii-specific
antibody was detected in two clinically healthy animals
without lesions.

There are several explanations why a clinically healthy
tortoise may have lesions of the nasal mucosa but no M.
agassizii-specific antibodies. It is unlikely that the ELISA
result was a laboratory error, since the same negative result
was obtained when the test was repeated. The lesions could
have been very old and the animal no longer had circulating
antibodies. Alternatively, the lesions observed may have
been caused by another pathogen. The two healthy tortoises
and one sick tortoise without lesions but with detectable M.
agassizii-specific antibody levels could have been in a very
early stage of URTD, before lesions had developed. Alter-
natively, they could have recently recovered from URTD
and had a regenerated or healed nasal mucosae on histologic
examination. Although the mortality rate from URTD is high
among desert tortoises, recovery of some individuals may
occur.
The specificity and reproducibility of the ELISA for M.

agassizii-specific antibodies make it a valuable tool for
seroepidemiologic studies of URTD in free-ranging desert
tortoise populations. The method is fast and reliable and
renders itself to automation to accommodate large numbers
of samples. After further development and evaluation, the
ELISA can easily be modified to be used as a large-scale
diagnostic test for the detection of M. agassizii-specific
antibodies in desert tortoises. The test will eliminate the
need to sacrifice tortoises in order to obtain a reliable
diagnosis of URTD. In combination with careful observation
for clinical signs of URTD, the test will become an impor-

tant, noninvasive, and reliable way to assess the health
status of desert tortoise populations threatened with URTD.
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