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Abstract

Infection of rodent colonies with microorganisms of the genus Mycoplasma may interfere with the results
of scientific research. Mycoplasma pulmonis and Mycoplasma arthritidis are the main agents of this genus,
and their prevalence can reach 100% in conventional vivariums in developing countries. The detection
methods available on the market usually have limitations. One of the most frequently used tests is the
enzyme-linked immunosorbent assay (ELISA), which has high sensitivity and specificity and low cost.
This work aimed to develop a mixed antigen ELISA test of M. pulmonis and M. artbritidis and evaluate
its performance as an alternative diagnostic method for mycoplasmosis. Sera from 81 mice were tested
with M. pulmonis antigen (ELISA-Mp), M. arthritidis (ELISA-Ma), and 1:1 mixed antigen (ELISA-mix):
50.61% of the sera showed positive findings in ELISA-Mp, 44.44% in ELISA-Ma, and 46.91% in ELISA-mix.
The ELISA-mix had a sensitivity of 72.00%, specificity of 64.28%, and a positive predictive value of 47.36%.
Statistical analysis of the data showed agreement between the ELISA-Mp and the ELISA-mix. The mixed
ELISA test developed shows satisfactory sensitivity and specificity and may contribute significantly
to the improvement of sanitary standards in laboratory animal facilities and to the development of
experimental research.
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Resumo

Ainfeccao de coldnias de roedores por microrganismos do género Mycoplasma pode causar interferéncias
no resultado de pesquisas cientificas. Mycoplasma pulmonis e Mycoplasma arthritidis sao os principais
agentes deste género, e sua prevaléncia pode chegar a 100% em biotérios convencionais nos paises em
desenvolvimento. A deteccdo pelos métodos disponiveis no mercado normalmente apresenta limitacoes.
Um dos testes mais utilizados é o ELISA, com elevada sensibilidade, especificidade e baixo custo.
Este trabalho teve como objetivo desenvolver um teste de ELISA com antigeno misto de M. pulmonis e
M. artbritidis e avaliar o seu desempenho como método alternativo de diagnostico de micoplasmose.
Soros de 81 ratos foram testados utilizando antigeno de M. pulmonis (ELISA-Mp), M. artbritidis (ELISA-Ma)
e antigeno misto a 1:1 (ELISA-mix). 50,61% dos soros foram positivos no ELISA-Mp, 44,44% no ELISA-Ma
e 46,91% no ELISA-mix. No ELISA-mix houve sensibilidade de 72,00%, especificidade de 64,28% e valor
preditivo positivo de 47,36%. A analise estatistica dos dados mostra concordancia entre o ELISA-Mp e
o ELISA-mix. O teste de ELISA misto desenvolvido apresenta padrao de sensibilidade e especificidade
satisfatério, e pode contribuir de forma expressiva para a melhora do padrao sanitario dos animais de
laboratério e para o desenvolvimento de pesquisa experimental.
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Introduction

Rats and mice are the most commonly used animals in research, and their sanitation and genetic
standardization are important for development of models for understanding various biological
mechanisms. Infections by pathogens may affect the validity of the investigated data and lead to
erroneous interpretations or conclusions of experimental data (Schoondermark-Van de Ven etal.,
2006). Subclinical infections are the most worrying because they remain unnoticed in the breeding
and experimentation areas (Mahler Convenor et al., 2014). Pathogenic microorganisms may also
persist in biological materials such as cell cultures and tumors for unlimited periods and thereby
influence in vitro experiments (GV-SOLAS Working Group on Hygiene, 1999).

Thus, maintaining sanitation levels in these animals is key to obtain reliable results. Periodic
sanitary monitoring of breeding and experimentation colonies is an important tool in this respect.

A major challenge in animal experimentation around the world is to obtain animals free of
bacteria of the genus Mycoplasma spp., a microorganism known for the absence of a cell wall.
Mpycoplasma pulmonis is the etiologic agent of murine respiratory mycoplasmosis (MRM). In its
chronic form, the disease represents an important sanitation problem found in rats and mice,
since these animals are now being used in scientific experiments (Dobbs et al.,, 2009).

Mpycoplasma artbritidis is the second most important species for rodents because it is the
etiological agent of arthritis or polyarthritis in rats and mice, and is known for possessing the
MAM superantigen (Luo et al., 2008). This species can coexist with M. pulmonis (Kohn & Barthold,
1984). There is evidence that subclinical mycoplasma infections are more common in vivariums
(Davidson et al, 1994).

Mycoplasmas possess antigenic modulation mechanisms that can modify the immune system
of the host (Nicolet, 1996), causing changes in the response profile toimmunizations, medications,
therapies, and induction of experimental pathologies. Furthermore, they are the most common
sources of infection of cell cultures, with rates of infection varying between 15% and 35% (Drexler
& Uphoff, 2002). The origins of this contamination are the components of the culture medium
and the cells obtained from infected animals (Razin, 1996; Mahler Convenor et al., 2014).

Respiratory infection and disease are common in conventional vivariums. The occurrence
of murine mycoplasmosis varies between 75% and 100% (Manjunath et al,, 2015; Souza et al,,
2016) in developing countries, because of inadequate infrastructure and the lack of consistent
health monitoring programs (Souza et al,, 2016).

The infection rate in specific pathogen free (SPF) animal vivariums kept under sanitary barriers
ranges between 3.2% and 20% (Mahler & Kohl, 2009). Although the occurrence of mycoplasmas
has decreased in recent years (Barreto et al, 2003; Mdhler & Kohl, 2009), periodic monitoring is
stillrecommended, because in spite of the use of bio-exclusion barriers and assisted reproduction
techniques, infections by this agent persist (Schoondermark-Van de Ven et al., 2006). Elimination
in vivariums where rodents exhibit clinical and subclinical infections is difficult; thus, the use of
prophylactic techniques for their control is more efficient (Amstislavsky et al., 2013).

The diagnosis of mycoplasmosis in rodents is based on the animal's sanitary standard and the
methodology used in the monitoring program, which may include several methods to improve
the accuracy of the results (Mdhler Convenor et al,, 2014). Culture-based methods for antigen
detection are laborious because they involve sampling from several sites of the same animal;
these methods are also time-consuming because they require highly specific and expensive
techniques and may yield false-negative results (Davidson et al., 1994). On the other hand,
although the polymerase chain reaction (PCR) technique is more sensitive, it is also subject to
false-positive and false-negative results, compromising the diagnosis when used alone (Drexler
& Uphoff, 2002).In contrast, histopathological assessments only provide presumptive diagnoses
that need to be validated by other methods (Barreto et al., 2003).

Sinceits development, the enzyme-linked immunosorbent assay (ELISA) has become the most
widely used and recommended method for monitoring colonies, because of its advantages over
other tests with respect to sensitivity, specificity, speed, simplicity, and cost. Therefore, its use is
recommended in routine monitoring of colonies (Delgado & Timenetsky, 2001; Schoondermark-Van
de Ven et al., 2006; Mahler Convenor et al., 2014) and prevalence studies (Manjunath et al., 2015).
Developed by sampling, it facilitates the screening of colonies, allowing the detection of positive
sera using small amounts of blood without the need to euthanize the animals.
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In Brazil, the ELISA test for M. pulmonis was developed by Campos et al. (2000) and has since
been used in different studies (Barreto et al., 2002). However, two separate tests are required for
diagnosis of infections caused by M. pulmonis and M. arthritidis.

Since M. pulmonis and M. artbritidis have many antigens in common (Horowitz & Cassell, 1978),
their cross-reaction could be used in favor of the test, and a mixed antigen ELISA test should be
efficient in detecting antibodies to both species. Thus, the mixed ELISA could become a valuable
tool for rapid monitoring of infections by these highly prevalent mycoplasma species in rodent
colonies. This work aimed to develop an indirect ELISA test with the antigens of M. pulmonis
and M. artbritidis and evaluate its performance as an alternative method for diagnosis of MRM.

Material and methods

Serum samples

Serum samples were obtained from 81 rats (Rattus norvegicus) aged between 3 and 12 months
from different breeding lines and different vivariums with distinct sanitary standards that were
used by teaching and research institutions in the municipalities of Rio de Janeiro and Niter6i.

The experiments were performed according to a protocol approved by the Ethics Committee
for the Use of Laboratory Animals of the Fluminense Federal University (CEUA/UFF), under
number 549.

Antigen preparation

The conditions for the antigen concentration test were established in serial dilution serum
(base 3; 1:10000 conjugate). Standard strains of M. pulmonis (ATCC 19612) and M. artbritidis
(GM360 PG6) were cultured in Mycoplasma A medium (Difco) and incubated at 37 °C for 48 hours.
The log stage and large-scale growth (>10° UFC in solid media) cultures were centrifuged at
5,000G for 1 hour. The obtained pellet was washed three times in phosphate-buffered saline
(PBS) pH 7.2 and re-suspended in the same PBS to yield a final volume of 3.0 mL per liter of
culture. Protein concentration was determined by the modified Lowry method using bovine
albumin (1 mg/mL) as standard.

Standardization of the test

In order to establish parameters for comparison with the mixed ELISA, ELISA standardization
tests were performed for M. pulmonis and M. arthritidis, according to the methodology described
by Campos et al. (2000); 96-well flat bottom microtiter plates, 300 uL/well, were used.

Determination of the ideal antigen concentration: sensitization of the solid phase
(plaque)

For determination of the ideal antigen concentration, three plaques were sensitized with
M. pulmonis or M. artbritidis antigen at different concentrations: 2, 4, and 8 pg/mL. The antigen
suspension was diluted in 01 M carbonate-bicarbonate buffer, pH 9.6, for plate sensitization.
Sensitization of the plaques with the mixed antigen was performed by addition of M. pulmonis
and M. arthritidis antibodies at specific concentrations (2, 4, and 8 pg/ml) to a single volume of
buffer, tested in different proportions: 70% M. pulmonis + 30% M. arthritidis, 50% M. pulmonis +
50% M. arthritidis, and 30% M. pulmonis + 70% M. artbritidis.

Determination of the optimal conjugate dilution

Peroxidase-conjugated (Sigma Chemical Co. St Louis, MO) goat IgG and mouse anti-IgG
were used to perform the tests. For determination of the optimal dilution of the conjugate,
1:10000 and 1:15000 dilutions were tested, as described by Campos et al. (2000).

Determination of optimal serum dilution

To determine the optimal serum dilution, tests were carried out with positive serum for
M. pulmonis and M. arthritidis, which was obtained by bleeding rats who were previously
inoculated with these microorganisms. Negative sera were obtained by bleeding SPF mice.
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The sera were distributed in base 2 serial dilution (ranging from 1/100 to 1/3200) and base 3
(from 1/100 to 1/24300) in plates sensitized with the above described antigen concentrations.
Both sera were used as controls in the mixed plate.

Execution of the test

The plates were sensitized with 50 uL. of M. pulmonis antigen (ELISA-Mp), M. arthritidis
(ELISA-Ma), and mixed (ELISA-mix) as described above, incubated overnight at 4 °C, washed
three times with sterile PBS pH 7.2 containing 0.05% Tween 20 (PBS-Tween), dried, and used
immediately. The test sera were diluted in PBS pH 7.2 and added to the plates with the samples
distributed in triplicate and incubated at 37 °C for two hours. After incubation, the plates were
washed with PBS-Tween three times, and each well received 50 uL of conjugate diluted in PBS
and incubated in an oven at 37 °C for one hour. After incubation, the plates were washed again
and developed with orthophenylenediamine solution (OPD) (Sigma Aldrich®) prepared just
prior to use and kept at room temperature for 30 minutes. After this period, the reaction was
interrupted with 50 uL of 3N sulfuric acid.

Plate reading

The optical densities (ODs) were determined with an ELISA reader (DNM-9602; Beijing
Perlong New Technologies Ltd., China) at 450 nm wavelength. In all tests, antigen, conjugate,
and substrate controls were included, and all values were obtained in triplicate.

Cut-off point

The methodology proposed by Santurio et al. (2006) was used with modifications to determine
the cut-off point. The mean of the negative sera was chosen to define the cut-off point.

Assessment of the sensitivity, specificity, Positive Predictive Value (PPV), and Negative
Predictive Value (NPV) in mixed ELISA

The mixed test was assessed for sensitivity (total number of patients considered positive)
and specificity (total number of healthy patients considered negative), considering the results
obtained in the isolation and/or PCR of samples collected from the animals that provided the
sera for this study (typified as M. pulmonis) as indicative of disease.

Statistical analysis

Statistical analysis of the sensitivity and specificity and evaluations of the discrepancy between
the findings from isolation/PCR assays and the ELISAs and the agreement between the specific
and mixed ELISAs were performed. Different statistical methods were used for each of the steps:
the analysis of variance (ANOVA) method was used to analyze the results of the standardization,
sensitivity, and specificity evaluations of the specific and mixed tests; the binomial test of two
proportions and the Fisher exact test were used for comparisons between ELISA and isolation/PCR
detection; and the Kappa test was used for comparisons between specific and mixed ELISAs.
The statistical analysis was performed at a 95% confidence interval (p < 0.05). The analyses were
carried out using the program BioEstat 5.0 (Ayres et al,, 2007).

Results

A significant increase was observed in the optical density (OD) of the positive serum with
increments in the antigen concentration used (0.455, 0.761, and 0.911 at concentrations of
2,4, and 8 ug/mL, respectively). In the test for the M. pulmonis antigen, the significant difference
was observed only between concentrations of 2 and 8 ug/mL (P < 0.05), which was not the case
for the M. arthritidis antigen. The values for serum positivity at concentrations of 4 and 8 ug/mL
of the M. pulmonis and M. artbritidis antigens were very high (Figure 1). Thus, the lowest tested
concentration (2 pg/mL) was chosen, allowing the use of less antigen.

The antigen mixture of M. pulmonis and M. arthritidis (mixed plaque) was tested with different
ratios (70%/30%, 50%/50%, and 30%/70%, respectively) under the same conditions for each
specific test. At the 1/300 dilution, M. pulmonis-positive serum showed increasing absorbance
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Figure 1. Comparison between the optical densities found in the ELISA test for M. pulmonis at concentrations
of 2 pg/mL, 4 pg/mL, and 8 pg/mL.

values with an increase in the antigen ratio (0.330, 0.319, and 0.302 for proportions of 70%, 50%,
and 30% of M. pulmonis antigen, respectively), but no statistically significant differences were
observed between the values. On the other hand, the M. arthritidis-positive serum at 1/300
dilution exhibited higher absorbance values for the three proportions. Significant differences
(P < 0.05) were observed between the 30% M. arthritidis antigen/70% M. pulmonis antigen
mixture relative to the mixture containing 50% of the both antigens (0.639, 0.575, and 0497 for
M. arthritidis antigen proportions of 70%, 50%, and 30%, respectively). In contrast, no significant
difference was observed between 30% M. pulmonis antigen/70% M. artbritidis antigen relative
to the mixture containing 50% of both antigens (Figure 2).
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Figure 2. Comparison between the optical densities found in the anti-M. pulmonis and anti-M. arthritidis sera at
1/300 dilution, when tested in mixed plates sensitized with 2 ug/mL antigen of M. pulmonis and M. arthritidisin
different proportions. Statistical analysis using ANOVA; the significance levels between groups are represented
as: (*) for significant (P < 0.05) and (ns) for non-significant (P > 0.05).

Dilution of the sera in base 3 (Table 1) showed a gradual decrease in the OD values of the
positive serum and retained the basal values in the negative serum more precisely than in base 2,
for both the specific and the mixed ELISAs (Table 2). Base 3 was selected to obtain the optimum
serum dilution and the 1/300 dilution was chosen to perform the test because it showed good
discrimination between the positive and negative controls and allowed detection of small amounts
of antibodies in the samples. In determining the optimum dilution of the conjugate for the test,
the best discrimination of values was obtained at the 1:10000 dilution in the three tests.
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Table 1. Optical densities (ODs) obtained for dilution of sera in base 3 for ELISA-Mp, ELISA-Ma, and ELISA-Mix.

Serum Dilution
Type of ELISA
1/100 1/300 1/900 1/2700 1/8100 1/24300
M. pulmonis 0.506 0497 0491 0.354 0.245 0167
M. arthritidis 0613 0.584 0573 0.549 0479 0376
Mixed M. pulmonis 0517 0495 0438 0.322 0.260 0180
ixe
M. arthritidis 0.574 0.530 0.516 0.505 0443 0.347

Table 2. Optical densities (ODs) obtained in the dilution of the sera in base 2 for ELISA-Mp, ELISA-Ma, and

ELISA-Mix.
Serum Dilution
Type of ELISA
1/100 1/200 1/400 1/800 1/1600 1/3200
M. pulmonis 0520 0492 0469 0423 0.368 0.351
M. artbritidis 0.622 0.592 0.578 0.555 0.546 0.525
Mixed M. pulmonis 0422 0411 0.366 0.341 0.309 0.286
ixe
M. arthritidis 0.549 0.521 0487 0471 0461 0442

Comparison of the methods used for the cut-off point determination shows that the mean
values of the negative sera yielded cut-off values of 0.151 for the ELISA-Mp, 0.149 for the ELISA-Ma,
and 0.157 for the ELISA-mix, with a greater number of positive samples, consistent with the
results obtained in the detection of mycoplasma by isolation and/or PCR while showing greater
sensitivity than the other methods. From this point, 50.61% (41/81) of the tested sera were
positive in the ELISA-Mp (Table 3), 44.44% (36/81) in the ELISA- Ma, and 46.91% (38/81) in the
ELISA-mix (Table 4).

Table 3. Crossing of results between isolation/PCR and ELISA-Mp detection.

Test ELISA-Mp+ ELISA-Mp -
Isol/PCR + 17 8
Isol/PCR - 24 32

Table 4. Crossing of results between isolation/PCR and ELISA-Mix detection.

Test ELISA-Mix+ ELISA-Mix -
Isol/PCR + 18 7
Isol/PCR - 20 36

In assessments of the parameters to establish the validity of the methods used in this study
(sensitivity, specificity, PPV, and NPV), the ELISA-Mp showed a sensitivity of 68.00% and specificity
of 5714%, with a PPV of 41.46% and NPV of 80.00%. The ELISA-mix showed a sensitivity of 72.00%
and specificity of 64.28%, with a PPV of 47.36% and NPV of 83.72%, indicating that the ELISA-mix
has greater ability to detect positive and negative sera relative to the specific method (Table 5).

The differences between the ELISAs and the isolation/PCR were compared using the two-way
binomial test, showing significant differences in both the isolation/PCR and ELISA-Mp comparison
and between the isolation/PCR and ELISA-mixed comparison (p < 0.05). Similarly, the results of
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Table 5. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) observed
in the ELISA-Mp and ELISA-Mix tests.

Test Sensitivity % Specificity % PPV % NPV %
ELISA-Mp 68.00 5714 4146 80.00
ELISA-Mix 72.00 64.28 4736 83.72

both tests were significant when analyzed by Fisher's Exact test (p < 0.05). The Kappa correlation
analysis was also used for comparison of the results obtained with ELISA-Mp and ELISA-mix,
showing an agreement of 83.95% (p < 0.0001).

Discussion and conclusions

In Brazil, the use of laboratory animals with defined sanitary quality is very restricted. Most
of the animals meet the conventional standards, encouraging the presence of pathogenic
microorganisms that can result in clinical and subclinical infections and thus cause a drop in
production, high mortality, and interference in the experimental results (Barreto et al.,, 2003).
Therefore, researchers and development agencies have attempted to improve the sanitary
standards of the colonies, promoting the refinement or identification of diagnostic methods as
a way to improve health monitoring (Schoondermark-Van de Ven et al,, 2006).

In this study, the positive sera showed a significant increase in the absorbance values consistent
with an increase in the antigen concentration used, without significant alterations in the values
for the negative serum. The concentration of 2 ug/mL was chosen for the test because it allowed
lower antigen consumption while ensuring good discrimination between positive and negative
sera, thereby improving the economy of the test. The use of higher concentrations would imply
higher antigen consumption and an increase in the dilution of the control sera and consequently of
thetest sera, which could imply lower OD values and an increase in the number of false negatives.

The strong control serum response of M. arthritidisin the mixed test, even when the M. pulmonis
antigen ratio was higher, may represent the cross-reaction described by Minion et al. (1984).
However, the proportion of 50% (1:1) was chosen to avoid favoring any of the antigens.

The mixed test showed lower ODs than the specific tests because of the lower amounts of
antigens specific for both species tested. Thus, the dilution of /400, recommended in the literature
(Campos et al,, 2000) and considered suitable for the antigens in the standardization, cannot
be applied in this work. Therefore, the 1/300 dilution exhibited better discrimination between
positive and negative sera in the ELISA-mix, and was selected for the test, allowing detection of
small amounts of antibodies in the samples (Davidson et al., 1994).

The 1:15000 dilution of the conjugate could have been recommended for the ELISA-Ma test,
which showed high absorbance values even at this dilution, but not for the ELISA-Mp and ELISA-mix
tests, for which the OD values were much lower (0.284 for M. pulmonis and 0.209 and 0.352 for
the mixed test). Therefore, a1:10,000 dilution was chosen, which also maintained the absorbance
values of negative sera lower than 0.100 at all serum dilutions.

For rodent mycoplasmas, the cut-off points for detecting positive results in indirect ELISA tests
are usually obtained by the multiplication of the OD of the negative control by 2.5 (Davidson et al.,
1994; Campos et al., 2000). However, in this work, the maximum OD values obtained in sera from
positive animals were 0461 in the ELISA-Mp and 0432 in the ELISA-mix, which were considered
low relative to those obtained previously (above 1.0) (Campos et al., 2000). This is probably
attributable to changes in animal management, improvement in the environmental conditions
of the vivariums, and the therapeutic use of antibiotics against various bacteria, including
mycoplasma. These factors may interfere with seroconversion (Mahler Convenor et al,, 2014),
resulting in low OD and making it difficult to apply the cut-off point mentioned above. The use
of this method would consequently imply a low number of positives with a greater possibility
of false negatives, substantially decreasing the sensitivity and specificity of the test.

The binomial test showed a greater difference in the specific ELISA, probably because the
number of samples according to the isolation/PCR was higher in the mixed ELISA than in
the specific ELISA, although the latter had a higher number of positive sera. Nevertheless, the

Silva et al. 2018. Brazilian Journal of Veterinary Mediicine, 40, €96218. DOI: 10.29374/2527-2179.bjvm096218 7/9




Mixed antigen ELISA of Mycoplasma pulmonis and M. arthritidis for diagnosis of murine mycoplasmosis

Kappa correlation (p < 0.0001) showed strong concordance between the tests, indicating good
performance of the ELISA-mix.

Inthis study, the sensitivity of ELISA-mix with reference to isolation (72.00%) was higher than
that shown by the ELISA-Mp (68.00%), which in turn was higher than that reported by Campos et al.
(2000), who first standardized a specific ELISA for M. puimonis (58.34%). The highest sensitivity
obtained for the mixed ELISA was attributable to the adjuvant effect or to the conjugation as a
result of the association of antigens, considering protein-hapten interactions, which provided
better efficiency.

Because all samples in the isolation/PCR were positive for M. pulmonis, the positive results
found in the ELISA-Ma (44.44%-36/81) improved the efficiency of the test in detecting undesirable
mycoplasmasin colonies of rodents. Several factors should be taken into account when analyzing
the results found in the mixed ELISA. The age, lineage, sex, time of infection, and origin of the
animals may interfere with the intensity of the infection and immune response to mycoplasma
(Delgado & Timenetsky, 2001). This explains some results found in this study, namely, the 20%
negative results in ELISA-Mp that were positive in isolation/PCR.

Among the 81 tested samples, 15 were from animals of SPF vivariums, kept in closed boxes
and under controlled sanitary conditions. All samples were negative in the ELISA-mix as well
asin the specific ELISAs; these samples were also negative in detection by isolation and/or PCR.
This result supports reports about the environmental conditions of vivariums and animal sanitary
conditions for the prevention of M. pulmonisinfection and the eradication of the microorganism
(Pritchett-Corning et al,, 2009).

Laboratories around the world use the recommendations of the Federation of Laboratory
Animal Science Associations (FELASA) for routine monitoring of colonies. However, FELASA
(Mahler Convenor et al., 2014) currently takes into account only M. pulmonis infections, since
these recommendations are primarily targeted at laboratories located in Europe and the United
States, where the occurrence of M. arthritidis is rare (Washburn et al., 1995). In developing countries
such as Brazil, the occurrence of M. pulmonis is frequent and that of M. arthritidis is relatively
poor; thus, continuous monitoring for these microorganisms is still necessary.

Despite the existence of kits for the detection of rodent mycoplasmas, the ELISA technique has
been more intensively studied and adapted with the aim of improving it further (Asanoetal., 2014).

Rodent monitoring kits that use antigens of diverse pathogens, including M. pulmonis, are
available in the market. However, these tests are expensive and obtaining them is difficult for
most Brazilian vivariums.

Higher sensitivity and specificity values have been reported in the development of ELISA
tests. However, these studies use sonicated antigens (Campos et al., 2009) or isolated proteins
(Asano et al., 2014), and their sensitivity and specificity rates tend to be higher than those of the
total antigen test. Nonetheless, the monitoring of mycoplasmosis in rodent colonies is performed
with limited resources, and the development of a simpler diagnostic technique may help solve
this problem by offering an effective and low-cost test.

This study proposes, for the first time, an alternative to the conventional ELISA test, allowing
simultaneous detection of two species of mycoplasma. This test can contribute significantly to
monitoring the health conditions of laboratory animals and minimizing the damage caused by
mycoplasma infection in these animals and in cell cultures used for scientific research.
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