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Identificacion de Mycoplasma spp en leche bovina con una prueba
de inmunoperoxidasa

Identification of Mycoplasma spp in bovine milk with an
immunoperoxidase assay

Fidel Infante-Martinez”"
Gerardo H. FIores-GutiérrezM
Javier Lozoya-Chavez

Abstract

The objective of this study was to implement an immunoperoxidase assay for the identification of
Mycoplasma splp from bovine milk. Eighty samples of naturally infected milk, with different Mycoplasma
spp, were analyzed; the immunofluorescence assay was used as a gold standard. The sensitivity of the
immunoperoxidase assay was six colony-forming units, with no cross-reactions between the antisera,
with 100% epidemiological sensitivity and specificity, and predictive values; there were no statistical
differences (P > 0.05) between both tests. The reproducibility of the immunoperoxidase assay was
high, obtaining identical results four times. Furthermore, it was carried out in less time than the
immunofluorescence assay, requiring only a light microscope to read the results and fewer antisera and
conjugates. In this study, the immunoperoxidase assay proved to have similar diagnostic value to the
immunofluorescence assay, but was easier to perform and did not require sophisticated equipment.

Key words: MycoprL4AsMA, BOVINE MILK, IMMUNOPEROXIDASE ASSAY, IMMUNOFLUORESCENCE
ASSAY.

Resumen

El propésito de este trabajo fue instrumentar una prueba de inmunoperoxidasa para identificar
Mycoplasma ?p aislados de leche bovina. Se analizaron 80 muestras de leche infectada de forma
natural por diferentes Mycoplasma spp, utilizando la prueba de inmunofluorescencia como estandar
de oro. La sensibilidad de la prueba instrumentada fue de seis unidades formadoras de colonias, sin
presentarse reacciones cruzadas con los diferentes antisueros, con 100% de sensibilidad y especificidad
epidemioldgica y valores predictivos, no encontrandose diferencias estadisticas significativas (P > 0.05)
entre ambas técnicas. La reproducibilidad de la prueba de inmunoperoxidasa fue alta, obteniendo
cuatro veces los mismos resultados; se realizé6 en menos tiemf)o que la prueba de inmunofluorescencia,
requiriendo s6lo de un microscopio simple para leer los resultados y una menor cantidad de antisueros
y conjugados. En este estudio la prueba de inmunoperoxidasa mostré tener caracteristicas diagnosticas
similares a la prueba de inmunofluorescencia, es mas sencilla y no requiere de equipo sofisticado.

Palabras clave: MycorLAsM4, LECHE BOVINA, PRUEBA DE INMUNOPEROXIDASA, PRUEBA DE
INMUNOFLUORESCENCIA.
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Introduction

he micro-organisms of the genus Mycoplasma

spp, that affect the bovine mammary gland,

are the cause of mastitis for which there is
no effective treatment. In this context, great losses
are produced for the dairy industry in both milk
production and the discarding of high genetic grade
animals;' besides, it has been determined that the
infected animals can be healthy carriers and quickly
disseminate the disease among a herd free from
it.2* Therefore, it is necessary to have diagnostic
techniques capable of identifying the genus and
species of the causative micro-organisms, to be able
to take the proper measures and achieve its control.”

The diagnosis of Mycoplasma spp has depended
basically on micro-biological methods®” that have
been satisfactory, but have the disadvantage that
they are executed slowly,® and they depend on
biochemical tests for their final identification.®”*
2 There are other diagnostic methods, amongst
these: ELISA, immunofluorescence, DNA probe,
and the polymerase chain reaction technique that
are efficacious in the diagnosis of this disease.
Nevertheless, they require reagents and equipment
that has a very high cost® with the additional
disadvantage that they only identify one micro-
organism at a time.

For the simultaneous identification of several
species of Mycoplasma spp, the most often used
method is the immunofluorescence assay;*? through
it, multiple diagnosis are obtained in the same agar,
with sensibility and specificity. Nevertheless it requires
the use of an immunofluorescence microscope that,
due to its cost and complicated maintenance, is not
available in the animal diagnostics laboratories that
only have basic infrastructure. Because of this, the
objective of this research was the instrumentation and
evaluation of an immunoperoxidase assay, in agar,
for the identification of bovine-origin Mycoplasma spp
in milk, since, through this technique, it is possible
to perform multiple diagnosis, without sophisticated
equipment and avoiding cost increments.

Material and methods

Experimental samples

The micro-organisms that were used in this study
were isolated from combined milk samples, obtained
from herds that had mastitis cases caused by
these micro-organisms, with a total of 80 samples:
30 of Mycoplasma bovis, 11 of M. californicum, 15 of
M. canadense, 12 of M. bovigenitalium and 12 of M.
alkalescens.
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Introduccion

os microorganismos del género Mycoplasma

spp que afectan la glindula mamaria bovina

son causa de mastitis para la cual no existe
tratamiento efectivo; en este contexto, se han
producido grandes pérdidas en la industria lechera,
tanto en produccién como en el desecho de animales
de alto registro;' ademas se ha determinado que los
animales infectados pueden ser portadores sanos
y diseminar rapidamente la enfermedad en un
hato libre de ella,** por lo que es necesario contar
con técnicas de diagnostico capaces de identificar
el género y las especies de los microorganismos
causales, para tomar medidas adecuadas y lograr su
control.®

El diagnéstico de Mycoplasma spp ha dependido
bésicamente de métodos microbioldgicos®’ que han
resultado satisfactorios, pero con la desventaja de
realizarse de manera lenta,® aunque dependen para
su identificacién final de pruebas bioquimicas.®”12
Existen otros métodos de diagndstico, entre ellos
las pruebas de ELISA, inmunofluorescencia, sondas
de ADN, y la técnica de reaccién en cadena de la
polimerasa, que son eficaces en el diagnéstico de esa
enfermedad; sin embargo, requieren de reactivos y
equipo con costo elevado® con la desventaja adicional
de que sélo identifican un microorganismo a la vez.
Para la identificacién de manera simultdnea de

varias especies de Mycoplasma spp el método mas
utilizado es la prueba de inmunofluorescencia,??
mediante ésta se obtienen diagndsticos multiples en
un mismo agar con una sensibilidad y especificidad;
sin embargo, requiere del uso del microscopio de
inmunofluorescencia, que por su costo y manejo
complicado no se encuentra disponible en los
laboratorios de diagnéstico animal que cuentan con
infraestructura basica. Por lo anterior, el objetivo
de esta investigaciéon fue instrumentar y evaluar
una prueba de inmunoperoxidasa en agar para la
identificacion de Mycoplasma spp de origen bovino
en leche, ya que mediante esta técnica es posible
realizar diagnosticos multiples sin que se requiera de
equipo sofisticado y con esto se aumenten los costos
para su realizacién.

Material y métodos

Muestras experimentales

Los microorganismos usados fueron aislados de
muestras compuestas de leche de hatos que presen-
taron casos de mastitis por estos microorganismos,
contando con 80 muestras: 30 de Mycoplasma bovis,
11 de M. californicum, 15 de M. canadense, 12 de M.



Antisera

The antisera were obtained from rabbits immunized
with specific antigens for each one of the Mycoplasma
spp. The rabbits were inoculated with the specific
antigens together with Freund adjuvant according
to an immunization schedule (Table 1); the sera of
the rabbits were then precipitated with saturated
ammonium sulphate.®' Once the antisera were
obtained, the amount of globulin contained in them
was adjusted until there was 10 mg/mL.

Development of the technique

All the reactions were performed in disposable Petri
dishes prepared with modified Hayflik Mycoplasma
agar, that contained 15% horse serum, DNA
extract and fresh yeast!! On this agar, the milk
samples were inoculated and incubated two to six
days at 37°C in an atmosphere of 10% COsg, until
an adequate bacterial growth was obtained. The
amount of colony-forming units (CFU) contained in
0.01 mL of each one of the samples was determined
through the immunofluorescence test.” After that,
the samples where mycoplasmas were identified
were diluted serially, subjecting each dilution to the
immunoperoxidase test until no CFU’s were detected
while counting the micro-organisms by observation,
in order to determine the sensibility of the evaluation
test.

The antisera were diluted 1:50 in a Tris saline
solution (TBS) (20 mM Tris,” 500mM NaCl," pH 7.5)
plus 0.05% of Tween 20%" and 1% of gelatine;™ with
the antisera diluted in this manner, 7 mm diameter
discs were humidified until saturation.” This same

bovigenitalium y 12 de M. alkalescens.
Antisueros

Los antisueros fueron obtenidos de conejos inmu-
nizados con antigenos especificos para cada uno de
los Mycoplasma spp, aquellos fueron inoculados con
adyuvante de Freund de acuerdo con un calendario
de inmunizacién (Cuadro 1); posteriormente fueron
precipitados con sulfato de amonio saturado.”'’ Una
vez obtenidos los antisueros, se ajust6 la cantidad de
globulina contenida en ellos hasta obtener 10 mg/ml.

Desarrollo de la técnica

Todas las reacciones se realizaron en cajas de Petri
desechables preparadas con agar de micoplasma de
Hayflik modificado, que contenfa 15% de suero de
equino, extracto de ADN vy levadura fresca.!' Sobre
este agar se sembraron las muestras de leche y se
incubaron de dos a seis dias a 37°C en una atmésfera
de 10% de COs, hasta obtener un crecimiento
bacteriano adecuado. La cantidad de unidades
formadoras de colonias (UFC) contenidas en 0.01 ml
de cadaunade las muestras se determiné por medio de
la prueba de inmunofluorescencia;” posteriormente,
las muestras en las que se identificaron micoplasmas
se diluyeron de manera seriada, sometiendo cada
dilucién a la prueba de inmunoperoxidasa hasta que
no se detectaran UFC y realizando conteos de los
microorganismos por medio de observacién directa,
con el objeto de determinar la sensibilidad de la
prueba en evaluacion.

Los antisueros fueron diluidos 1:50 en solucién
salina de tris (TBS) (20 mM Tris,” 500 mM NacCl,

* Sigma Chemical Company, St. Louis, Missouri, USA.

** Difco Laboratories, Detroit, Michigan, USA.

Cuadro 1
ESQUEMA DE INMUNIZACION DE CONEJOS UTILIZADOS PARA PRODUCIR ANTISUEROS
PARA LA DETECCION DE Mycoplasma spp EN MUESTRAS DE LECHE BOVINA MEDIANTE UNA
PRUEBA DE INMUNOPEROXIDASA
IMMUNIZATION SCHEDULE OF RABBITS USED FOR THE PRODUCTION OF ANTISERA FOR THE
DETECTION OF Mycoplasma spp IN BOVINE MILK SAMPLES, BY THE IMMUNOPEROXIDASE

TEST
Amount of
antigen Inoculation form Anatomical site
Day 1 0.2ml Intradermal Both hind limbs foot pads
0.6 ml Intradermal 3-4 sites along the back
0.5ml Intramuscular Both hind limbs
1.0ml Intramuscular Both shoulders
Week 3 0.5ml Intramuscular Both hind limbs
0.2 ml (without adjuvant) Intravenous --
Weeks 6,7,89 0.2 ml (without adjuvant) Intravenous --
Bleeding -- Heart

* After two months of rest, the inoculations and the bleeding were repeated beginning with the third week of the schedule.
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process was used to prepare the goat conjugate anti-
IgG of rabbit linked to peroxidase.”

The saturated antisera discs were placed with
“forceps” over the Mycoplasma spp colonies and
incubated during 40 minutes. After this period, the
saturated antisera discs were withdrawn, placing
over the same site, the discs saturated with goat
conjugate anti-IgG of rabbit linked to peroxidase
and then were incubated during 30 minutes. Once
the second incubation process was finished, the disks
were removed and TBS was used to wash the antisera
and conjugates that were not attached during the
reaction.

The substrate that was used was prepared with
30 mg of chlorine-naftol” diluted in 10 ml of cold
metha-nol’, mixing this solution with a second one
that contained 50 ml of TBS plus 30 pl of 30%
hydrogen peroxide,” according to that which has
been previously described.” Ten ml of this substrate
were added to each Petri dish allowing an incubation
time of ten minutes, and then it was washed with
TBS and exa-mined with a simple or stereoscopic
microscope; the colonies stained dark blue were
considered positive. All the incubation processes
were performed at room temperature.

Statistical analysis

The gold standard that was used was the
immunofluorescence technique that was done with
each one of the milk samples used, following the Baas
and Jasper technique.’

Through the results of both techniques,
the diagnostic validity was obtained for the
immunoperoxidase test, through the estimation of
the epidemiologi-cal sensibility (absence of false
negative results) and epidemiological specificity
(absence of false positive results), as well as the
predictive values (probability of obtaining a true
diagnosis, no matter if is positive or negative) by
means of Episcope 2.0 software.

The reproducibility of the immunoperoxidase test
was evaluated doing it four more times with the same
samples used. The concordance between the results
that were obtained with the immunoperoxidase
test and the immunofluorescence test was analyzed
through the Mc Nemar"” test at a 0.05 level of
significance, to test the hypothesis of no difference
using non independent samples.

Results
The sensibility of the immunoperoxidase test was six

CFU of Mycoplasma spp. The immunofluorescence
test, as well as the immunoperoxidase test were highly
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pH 7.5) mas 0.05% de Twwveen 20%"y 1% de gelatina;™
con los antisueros diluidos de esta manera, se
humedecieron hasta su saturacién discos redondos
de 7 mm de diametro.” Este mismo proceso se utiliz6
para preparar el conjugado de cabra anti-IgG de
conejo unido a peroxidasa.”™

Los discos saturados de antisueros fueron
colocados con “foérceps” sobre las colonias de
Mpycoplasma spp e incubados durante 40 minutos.
Después de este periodo los discos saturados de
antisueros fueron retirados, colocando sobre el
mismo lugar los discos saturados de conjugado
de cabra anti-IgG de conejo unido a peroxidasa,
incubdndolos por un lapso de 30 minutos. Una vez
finalizado el segundo proceso de incubacién, se
retiraron los discos y se utilizé6 TBS con el propésito
de lavar los antisueros y conjugados que no se
unieron durante la reaccién.

El sustrato utilizado fue preparado con 30 mg
de cloro-naftol’ diluidos en 10 ml de metanol’
frio, mezclando esta solucién con una segunda
que contenia 50 ml de TBS mas 30 pl de perdxido
de hidrégeno” al 30%, de acuerdo con lo descrito
previamente.” Sobre cada caja de Petri se agregaron
10 ml de este sustrato permitiendo un tiempo de
incubacién de diez minutos, para posteriormente
lavar con TBS y examinar con un microscopio simple
o un estereoscopio; las colonias tefidas de color azul
oscuro fueron consideradas como positivas. Todos los
procesos de incubacién se realizaron a temperatura
ambiente.

Analisis estadistico

El estandar de oro utilizado fue la técnica de
inmunofluorescencia, la cual fue realizada a cada
una de las muestras de leche utilizadas siguiendo la
técnica de Baas y Jasper.’

Mediante los resultados de ambas técnicas
se obtuvo la validez diagnéstica de la prueba de
inmunoperoxidasa, a través del calculo de la
sensibilidad epidemiolégica (ausencia de resultados
falsos negativos) y especificidad epidemioldgica
(ausencia de resultados falsos positivos), asi como
los valores predictivos (probabilidad de obtener un
diagnéstico verdadero, sin importar si éste es positivo
o negativo) por medio del software Episcope 2.0.

La reproducibilidad de la prueba de inmunope-
roxidasa fue evaluada realizdndola cuatro veces
mas en las mismas muestras utilizadas. La
concordancia entre los resultados obtenidos por
la prueba de inmunoperoxidasa y la técnica de

* Difco Laboratories, Detroit, Michigan, USA.
** Zymed Laboratories Inc., San Francisco, California,
USA.



specific, since there were no cross reactions between
any of the different antisera that were used to identify
the species of the micro-organisms that were used.
Nevertheless, the immunoperoxidase test was per-
formed in a 1.5 hour period, while the immunofluo-
rescence test took two days to be performed.

In agreement with the results that were obtained,
when the experimental samples were subjected to
both techniques (Table 2), 100% values were obtained
for the parameters of epidemiological sensibility,
epidemiological specificity and positive and negative
predictive values, as indicators of diagnostic validity
of the immunoperoxidase test in a general manner,
taking into consideration the total of 80 infected
samples, as well as in a particular way for each one of
the micro-organisms considered in this study.

As a consequence of these results, there were
no significant differences between both techniques
when the results were analyzed with the Mc Nemar
test at a 0.05 level of significance. Also, the repro-
ducibility of the immunoperoxidase test was good,
since it reproduced the same results each one of
the four times the test was performed in the milk
samples.

Discussion

Mycoplasma spp causes a severe form of mastitis,
whose effective control depends on the capacity of
a quick and reliable diagnosis at the beginning of
the presentation of cases. This necessity has been
demonstrated by the strategies developed for the
control of certain outbreaks."'* The identification of
these micro-organisms has been basically performed
through micro-biological-culture means which must
be done by personnel or laboratories that have ample
experience, since these are fastidious micro-organ-
isms,”” and also, because of the additional disad-
vantage of requiring several days in order to reach
a definitive diagnosis. Other techniques that have
been developed for the same purpose have been
the ELISA and the polymerase chain reaction tests
that are highly sensitive and specific,'*'® but are only
capable of identifying one micro-organism per test;
this constitutes a disadvantage, since outbreaks have
been described where several species of Mycoplasma
spp have been identified at the same time,' and the
identification of the causative agent requires more
time and an elevated consumption of reagents.

The immunofluorescence test has demonstrated
to be a sensitive and specific test for the identifica-
tion of Mycoplasma spp in a multiple way,"' and
its sensibility and specificity has been established
at 96.66% and 95%, respectively.?” Nevertheless, it
requires the use of an immunofluorescence micro-

inmunofluorescencia fue analizada mediante la
prueba de Mc Nemar" al 0.05 nivel de significancia,
para probar la hipétesis de no diferencia utilizando
muestras no independientes.

Resultados

La sensibilidad de la prueba de inmunoperoxi-
dasa fue de seis UFC de Mycoplasma spp. Ademas,
tanto la prueba de inmunofluorescencia como la de
inmunoperoxidasa fueron altamente especificas,
ya que no se presentaron reacciones cruzadas entre
ninguno de los diferentes antisueros utilizados para
identificar las especies de los microorganismos
utilizados. Sin embargo, la prueba de inmunopero-
xidasa se realiz6 en un tiempo de 1.5 horas, en
comparacién con los dos dias requeridos por la
prueba de inmunofluorescencia.

De acuerdo con los resultados obtenidos al
someter las muestras experimentales a ambas
técnicas (Cuadro 2), se obtuvieron valores de 100%
para los parametros de sensibilidad epidemioldgica,
especificidad epidemiolégica y valores predictivos
positivo y negativo como indicadores de la validez
diagnéstica de la prueba de inmunoperoxidasa,
tanto de manera general considerando el total de
las 80 muestras de leche infectada, como para cada
uno de los microorganismos considerados en este
estudio.

Como consecuencia de estos resultados tampoco
hubo diferencias significativas entre ambas técnicas
cuando los resultados fueron analizados con la
prueba de Mc Nemar al 0.05 de nivel de significancia.
Ademas, la reproducibilidad de la prueba de
inmunoperoxidasa fue buena, ya que reprodujo los
mismos resultados en cada una de las cuatro veces
que fue realizada en las muestras de leche.

Discusion

Los Mpycoplasma spp ocasionan una forma severa
de mastitis, cuyo control efectivo depende de la
capacidad para realizar un diagnéstico confiable y
de manera rapida cuando inicia la presentacién de
casos, lo cual ha sido demostrado en las estrategias
establecidas para el control de algunos brotes.""
La identificacién de estos microorganismos se
ha realizado basicamente por medio del cultivo
microbiolégico, que debe ser realizado por
personal o laboratorios que cuenten con una amplia
experiencia ya que se trata de microorganismos
fastidiosos,” ademds de la desventaja adicional de
requerir de varios dias para llegar a un diagnéstico
definitivo. Otras técnicas que se han desarrollado
con el mismo fin han sido ELISA y la técnica de
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Cuadro 2

RESULTADOS DE LA PRUEBA DE INMUNOFLUORESCENCIA Y LA PRUEBA DE
INMUNOPEROXIDASA, USANDO 80 MUESTRAS DE LECHE BOVINA INFECTADA CON
DIFERENTES Mycoplasma spp
RESULTS OF THE IMMUNOFLUORESCENCE AND IMMUNOPEROXIDASE TESTS, USING 80
BOVINE MILK SAMPLES INFECTED WITH DIFFERENT Mycoplasma spp

Immunofluorescence Immunoperoxidase
Mycoplasma spp Positive Negative Positive Negative
Bovis 30 0 30 0
Californicum 11 0 11 0
Canadense 15 0 15 0
Bovigenitalium 12 0 12 0
Alkalescens 12 0 12 0

scope, which represents an elevated cost, besides
requiring trained personnel for its handling. That
the immunofluorescence test constitutes a rapid
method of identification of Mycoplasma spp has
been determined in several studies,* even though it
requires several days to take place. 2-*

An alternative for the multiple diagnosis of these
micro-organisms is the immunoperoxidase test, that
only requires a simple or stereoscopic microscope
to perform it,*"* and only requires 1.5 hours to
perform, as is described in this study, and it has
100% values as far as the diagnostic validity of the
test is concerned.

In this study, the immunoperoxidase test gave
the same results as the immunofluorescence test,
allowing a rapid and simultaneous identification of
different Mycoplasma spp at the level of species and
with the requirement of conventional equipment that
can be found in any animal diagnostic laboratory,
and therefore, it was shown that it is a simple, low-
cost alternative for the diagnosis of mastitis caused
by Mycoplasma spp in the dairy-production areas of
the country.
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