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1. RESUMEN

“Bacteriemias de origen periodontal: validacion de técnicas

microbiologicas™

Antecedentes: Ll paso de bacterias a sangre (bacteriemias) se ha postulado como uno
de los posibles mecanismos responsables de la relacion entre la periodontitis y ciertas
enfermedades sistémicas. Sin embargo, los estudios publicados han encontrado
resultados contradictorios en cuanto a datos de prevalencia y, ademas, son pocos los que
detectan bacterias de origen periodontal. Esto puede ser debido a que se han empleado
diferentes técnicas, pero ninguna de ellas ha sido validada para la deteccién de estas
bacterias especificamente. Ademas, pocos son los estudios que buscan bacteriemia de
origen periodontal que, a su vez, analicen y correlacionen los datos obtenidos en las
muestras de sangre con los obtenidos en muestras subgingivales. Por otro lado, se ha
demostrado que la acumulacion del biofilm y la inflamacién gingival aumentan la
prevalencia de bacteriemias tras manipulaciones bucodentales profesionales y no
profesionales, lo que podria justificar el analisis de esas bacterias a nivel subgingival en

estos pacientes.

Objetivos: Validar y comparar los resultados obtenidos con diferentes técnicas
microbiolégicas para la deteccion de patdégenos clave en muestras de sangre (Estudios 1
y 2) y en muestras subgingivales (Estudios 3 y 4) para el estudio de bacteriemias de

origen periodontal.

Material y métodos: Estudios 1 y 2: Se obtuvieron muestras de sangre de voluntarios
periodontalmente sanos que fueron contaminadas i vitro con concentraciones definidas
de Aggregatibacter actinomycetemcomitans, Porphyromonas gingwalis 'y Streptococcus oralis. Las
muestras fueron analizadas por cuatro técnicas diferentes: tres técnicas de cultivo
[cultivo anaerobio directo (CAD), hemocultivo BACTEC® vy lisis centrifugacion] y una
técnica de biologia molecular [reaccion en cadena de la polimerasa cuantitativa en
tiempo real (QPCR)]. Las dos técnicas con mejores resultados fueron utilizadas en un
estudio i vwo donde se analizaron muestras de sangre de pacientes periodontalmente
sanos, y pacientes con periodontitis antes y 1 minuto después del cepillado interdental,
aplicado profesionalmente. También se recogieron muestras subgingivales.

Estudios 3 y 4: Estudios wm vitro e wn wvwo. Para el estudio wm witro se prepararon
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combinaciones de ADN de A. actinomycetemcomitans y P. gingwalis en concentraciones
similares o diferentes. Para el estudio i vwo se utilizaron las muestras subgingivales,
procedentes del Estudio 2. Las muestras fueron procesadas en paralelo por qPCR
sencilla y qPCR multiple, dirigidas a A. actinomycetemcomitans y P. gingwalis. Por otro lado,
se obtuvieron, ademas, muestras subgingivales de pacientes con diferentes diagnosticos
periodontales y en diferentes fases de tratamiento periodontal, y fueron procesadas en
paralelo por CAD y por qPCR multiple dirigido a la detecciéon y cuantificacion

simultaneas de A. actinomycetemcomitans, P. gingwalis y Tannerella forsythia.

Resultados: Estudio 1 y 2: CAD y qPCR fueron las dos técnicas mas apropiadas para
la deteccion de bacterias patogenas periodontales i vitro en la sangre. El hemocultivo
BACTEC® no fue capaz de detectar dichas bacterias. Ademas, i vivo qPCR fue capaz
de detectar tanto 4. actinomycetemcomutans y P. gingiwalis en dos pacientes con periodontitis.

LEstudios 3 y 4: La técnica de PCR multiple fue capaz de cuantificar simultaneamente las
bacterias patégenas periodontales. Ademas, en comparacion con el CAD, mostr6 un
alto grado de sensibilidad en la cuantificacién simultanea de los tres patdgenos

periodontales.

Conclusiones: Los resultados de esta serie de estudios demuestran que la deteccion de
patogenos periodontales, tanto en muestras de sangre como en muestras subgingivales,
requiere de procesamiento y técnicas validadas para su identificacion y cuantificacion.
Parece que las técnicas utilizadas en microbiologia periodontal, tales como el CAD o la
qPCR, son las técnicas de eleccion en aquellos estudios en los que se quiera evaluar el

paso de patogenos periodontales al torrente sanguineo.

20



2. ABSTRACT

“Bacteremia of periodontal origin: validation of microbiological

techniques”

Background: The entrance of periodontal pathogens into the blood circulation
(bacteremia) has been postulated as one of the potential mechanisms responsible for the
relationship between periodontitis and certain systemic diseases. However, published
studies have found conflicting results in terms of prevalence, with very low detection
rates of periodontal pathogens. This may be due to difference in techniques as none of
them has been specifically validated for the detection of periodontal pathogens. In
addition, not many studies have analyzed and correlated the data obtained in blood
samples with those obtained in subgingival samples. Furthermore, biofilm accumulation
and gingival inflammation have been shown to increase the prevalence of bacteremia
after professional and non-professional oral manipulations, which could justify the

analysis of these periodontal pathogens in patients suffering from bacteremia.

Aim: To validate and compare the results obtained with different microbiological
techniques for the detection of periodontal pathogens in blood samples (Studies 1 and 2)
and in subgingival samples (Studies 3 and 4) for the evaluation of bacteremia of

periodontal origin.

Material and methods: Studies 1 and 2: In i wvitro study, blood samples from

periodontally healthy subjects were obtained and contaminated with defined
concentrations of Aggregatibacter  actinomycetemcomitans, — Porphyromonas — gingwalis  and
Streptococcus oralis. The samples were analyzed by four different techniques: direct
anaerobic culture (DAC), hemoculture BACTEC®, lysis centrifugation and quantitative
polymerase chain reaction (QPCR). The two techniques with the best results were used
in an m vwo study in which blood samples from periodontally healthy patients and
patients with periodontitis were analyzed before and 1 minute after professionally
administered interdental brushing. Subgingival plaque samples were also collected.
Studies 3 and 4: In vitro and wn viwo studies. For the i vitro study, DNA combinations of 4.
actinomycetemcomutans and P. gingivalis were prepared in similar or different concentrations.
For the  vwo study, subgingival plaque samples were collected, from Study 2. Both

vitro and in vivo samples were processed in parallel by simple gPCR and multiplex qPCR,
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directed to both periodontal pathogens. On the other hand, subgingival plaque samples
were obtained from patients with different periodontal diagnoses and at different stages
of periodontal treatment and were processed in parallel by DAC and by multiplex
qPCR directed to the simultaneous detection and quantification of A

actinomycetemcomitans, P. gingivalis and Tannerella forsythia.

Results: Study 1 and 2: DAC and qPCR were the two most appropriate techniques for
the detection of periodontal bacteria in i vitro blood samples. The BACTEC® blood
culture was not able to detect these bacteria. In addition,  viwo qPCR was able to detect
both A. actinomycetemcomitans and P. gingwalis in two patients with periodontitis after

interdental brushing. Studies 3 and 4: The multiplex qPCR technique was able to

quantify periodontal bacteria simultaneously. In addition, compared to the culture
(DAC), it showed a high degree of sensitivity in the simultaneous quantification of the

three periodontal pathogens.

Conclusions: The results of these series of studies show that the detection of
periodontal bacteria both in blood samples and in subgingival samples requires
adequate and validated techniques for their identification and quantification. It seems
that the techniques used in periodontal microbiology, such as culture or qPCR, are the
techniques of choice when trying to assess the entrance of periodontal pathogens into

the bloodstream.
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1. Periodontitis, “la estrella de 1las enfermedades

periodontales”

1.1. Definicion y Clasificacion

Las enfermedades periodontales engloban un grupo de enfermedades de caracter
infeccioso e inflamatorio que afectan a los tejidos que rodean y soportan los dientes
(periodonto) (Sanz y cols., 2011). Dentro de las enfermedades periodontales se
destacaria como una de las mas relevantes la periodontitis.

La periodontitis es wuna enfermedad inflamatoria multifactorial croénica
desencadenada por una disbiosis entre la microbiota subgingival y el sistema inmune del
huésped. Se caracteriza por la pérdida de soporte del tejido periodontal (ligamento
periodontal, cemento radicular y hueso alveolar), que se manifiesta por la pérdida de
insercion clinica y la pérdida 6sea alveolar evaluada radiograficamente, presencia de
bolsas periodontales y sangrado gingival (Papapanou y cols., 2018). Entre las
caracteristicas clinicas de la periodontitis se encuentran: alteracion en el color, textura y
volumen gingival, aumento de la profundidad de sondaje, sangrado al sondaje, pérdida
de insercién clinica, recesion gingival, pérdida 6sea, movilidad dental aumentada,
pérdida dental, retencion de alimentos, halitosis e hipersensibilidad dentinaria.

Desde 1920 se han propuesto diferentes clasificaciones en relacion a esta
enfermedad. Hasta hace poco, se ha estado utilizando la clasificaciéon de 1999 propuesta
por la Academia Americana de Periodoncia. Esta clasificacion ha sido utilizada
ampliamente durante los Gltimos 20 afos tanto en la practica clinica como en la
investigacion en periodoncia. Sin embargo, en esta clasificacion se han detectado varias
deficiencias importantes, tales como la superposicion y falta de una clara definicién y
diferenciacion con base patobiolégica entre las diferentes categorias de periodontitis
descritas (Caton y cols., 2018). Por ello, en 2017, tras un Workshop organizado entre la
Federacion Europea de Periodoncia y la Academia Americana de Periodoncia, se
desarrollé una nueva clasificacién. Se elimin6 el término de periodontitis crénica y/o
agresiva, considerando la periodontitis como una tUnica enfermedad (Tabla 1), a
excepcion de la periodontitis como manifestacion de enfermedades sistémicas

(Papapanou y cols., 2018).



Clasificacion de 1999

Clasificaciéon 2017

Periodontitis

Dos tipos:

1. Croénica
Severidad: basado en PIC.
- Leve: 1 a 2 mm de PIC
- Moderada: 3 a 4 mm de PIC
- Severa: =25 mm de PIC

Extensiéon: basado en el total de
localizaciones afectadas.

- Localizada: <30%

- Generalizada: >30%

2. Agresiva
(Clasificada en 2 tipos:
Localizada:

- Inicio circumpubertal.

- PIC en primeros molares e incisivos o
al menos 2 dientes permanentes uno
de los cuales es el primero molar.

Generalizada:

- Pacientes menores de 30 afios.

- PIC generalizada, al menos 3 dientes
permanentes diferentes de los molares

€ 1nCisivos.

Periodontitis

Como Unica entidad:

Estadio: basado en la severidad (PIC
en el sitio de mayor pérdida/ pérdida
6sea radiografica, numero de perdida
de dientes) y complejidad de manejo.

- Estadio 1: PIC 1 a 2 mm, pérdida ésea
<15%, sin pérdida de dientes por
periodontutis.

- Estadio 2: PIC 3 a 4 mm, pérdida ésea
15%-30%, sin pérdida de dientes por
periodontutis.

- Estadio 3: PIC = 5 mm, pérdida ésea
>30%, pérdida de < 4 dientes por
periodontutis.

- Estadio 4: PIC = 5 mm, pérdida ésea
>30%, pérdida de = 5 dientes por

periodontutis.

Extension: localizada (<30% de las
localizaciones), generalizada (>30%
de las localizaciones), molar-incisivos.

Grados: evidencia de riesgo.
- Grado A: velocidad lenta de progresion
- Grado B: velocidad media de progresion
- Grado C: velocidad rdpida de progresion

Tabla 1. Diferencias entre las clasificaciones de periodontitis propuestas de 1999 y 2017.
(Armitage, 1999, Papapanou y cols., 2018). PIC: pérdida de insercion clinica.

1.2. Prevalencia

La periodontitis ha sido considerada la sexta enfermedad no contagiosa mas
frecuente (Kassebaum y cols., 2014). A nivel de la poblacién mundial, la prevalencia de
periodontitis en sus estadios mas avanzados (severa) estd afectando a alrededor del 10-
15% de la poblaciéon mundial. Ademas, pueden aparecer formas menos avanzadas

(leves y moderadas) de periodontitis en aproximadamente el 20% hasta incluso el 40%
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de la poblacién (Marcenes y cols., 2013). Sin embargo, hay que considerar que la
prevalencia de la periodontitis reportada en la comunidad cientifica puede diferir segin
la localizacion geografica. Ademas, las diferencias en la metodologia y en la definicion
de periodontitis de cada estudio, junto con la falta de un criterio uniforme de definicion
de periodontitis en los estudios epidemiologicos, reduce la validez de poder comparar
algunos estudios observacionales entre si.

En Espafia, segun la Encuesta Nacional de Salud Oral de 2015, cerca del 40% de las
personas entre 65-74 anos tendria lesiones evidentes de periodontitis, teniendo un 10%
de ellos signos de periodontitis en estadios mas avanzados. En el grupo etario entre 35-
44 afnos, un 18% presentaria periodontitis en estadios moderados, siendo un 5%
estadios severos (Bravo y cols., 2016). Por otro lado, en el estudio llevado a cabo en una
poblaciéon trabajadora de Espania en 2016, se observé que un 38.4% de la poblacion
padecia periodontitis, sobre todo en sujetos mayores de 45 anos, de los cuales el 7.7% se
podia asociar con una periodontitis en estadios mas avanzados (Carasol y cols., 2016).

En Estados Unidos, aproximadamente el 47% de los adultos (aproximadamente 65
millones de adultos) tienen periodontitis: 30% con periodontitis moderada, 8.5% con

periodontitis severa y 8.7% con periodontitis leve (Billings y cols., 2018).

1.3. Etiologia: la periodontitis entendida como disbiosis

La etiologia de la periodontitis es multifactorial (Figura 1). A pesar de que se requiere
de un huésped susceptible para poner en marcha la reacciéon inflamatoria crénica que
origina la destruccién periodontal, las bacterias presentes en el biofilm subgingival son
consideradas el agente etioloégico clave en el inicio y posterior desarrollo de esta
enfermedad. Por lo tanto, mientras que los procesos de destruccién irreversible de los
tejidos blandos del periodonto y las estructuras de soporte 6seo de los dientes se
producen a través de mecanismos mediados por el huésped, estos dependen de la

estimulacién por un desafio bacteriano (Sanz y cols., 2011).



Tabaco
Enfermedades

sistémicas
Factores psicosociales

f

( Factores modificables: factores ambientales y adquiridos )
————— lactoresde ————— —— ——
virulencia
Antigenos Citoquinas,
LPS PG

Signos clinicos de
inicio y progresion de
la enfermedad

q Respuesta inmune- r Me.t.a bOhﬁg o q
tejidos 6seo y

Desafio bacteriano inflamatoria del 5
2 conectivo del
huésped

huésped
Anticuerpos a MMPs

PMNs

[ Factores no modificables J

Edad
Género

Raza/etnia
Genética

Figura 1. Modelo de la patologia multifactorial de la periodontitis. Adaptado de
Kornman, 2008. PG: prostaglandinas; PMN: leucocitos polimorfonucleares; LPS: lipopolisacdridos
bacterianos; MM Ps: metaloproteinasas.

Las bacterias orales, junto con los virus y hongos, constituyen el microbiota oral, que
es la comunidad microbiana compleja que reside en la cavidad oral humana (Dewhirst y
cols., 2010). Las comunidades bacterianas que aqui residen se organizan en una
sofisticada estructura llamada “biofilm dental”, a la que se denominaba comtinmente
“placa bacteriana o dental” (Marsh y Bradshaw, 1995). Esta organizaciéon en biofilms les
confiere algunas propiedades, como son la protecciéon y la resistencia frente a los
factores ambientales o determinadas sustancias toxicas (Costerton y cols., 1999).

La btsqueda de los agentes microbiologicos de la periodontitis ha ido progresando
durante mas de un siglo. Las ideas sobre como los cambios en la placa dental se
relacionan con un cambio de la salud oral a la enfermedad han cambiado con el
tiempo. En la actualidad se empieza a reconocer la importancia fundamental de la
“disbiosis” de las poblaciones microbianas normalmente asociada a salud en el

desarrollo de la periodontitis (Figura 2).
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Figura 2. La salud periodontal resulta de un equilibrio homeostatico entre el nimero y
la composicién de los microorganismos en la comunidad microbiana oral y la respuesta
del huésped correspondiente. Los factores de riesgo pueden alterar este equilibrio y
crear una comunidad microbiana oral disbidtica con una composicion alterada de
bacterias comensales orales. Los cambios en la comunidad bacteriana que resultan en
una respuesta disfuncional del huésped incluyen un aumento en el nimero total de
bacterias y/o el crecimiento de bacterias especificas. Adaptado de Roberts y Darveau,

2015.

En una situacién de salud, existiria una relacién mutuamente beneficiosa entre
miembros de una comunidad microbiana y entre la comunidad y el huésped con
diferentes grados de beneficio (simbuwsis). Sin embargo, el equilibrio homeostatico
microbiano puede romperse produciéndose perturbaciones por cambios en el medio
como una mala higiene oral, habito tabaquico o la susceptibilidad genética, lo que se
conoce como dishiosis. Segun la teoria de “Sinergia Polimicrobiana y Disbiosis” propuesta por
Hajishengallis y Lamont en 2012, un cambio en la relacién del microbioma vy el
huésped, puede causar la alteracion de la composicion cualitativa y cuantitativa de las
poblaciones microbianas, asociadas a la salud. Existiria una disminucién en los
simbiontes beneficiosos y un aumento de la proporcién de especies bacterianas clave
con potencial patogénico (denominados “patdégenos clave” o kepstone pathogens) que
causarian un desequilibrio del microbioma oral. Esta hipotesis propone a su vez que la
interferencia producida por estos patdégenos clave establece posteriormente una disbiosis

(Hajishengallis y Lamont, 2012, Mira y cols., 2017) (Figura 3).
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Figura 3. La periodontitis representa una condicién disbidtica importante debido a
la diversidad de géneros y especies involucrados en el microbioma a nivel
periodontal. Las comunidades microbianas con menor diversidad y riqueza
albergan patogenos clave, simbiontes y patobiontes con una frecuencia muy baja y
en proporciones bajas y adecuadas para garantizar la salud. Cuando se producen
perturbaciones en los tejidos periodontales (por ejemplo, higiene oral deficiente,
tabaco, etc.) o el huésped es genéticamente susceptible, los agentes patdégenos clave
(keystone pathogens) provocan cambios en el nicho ecologico (es decir, la bolsa
periodontal) y son capaces de desplazar a las demas especies y predisponer a la
enfermedad. La alteracién en el equilibrio promueve la expansiéon proporcional de
los patobiontes en relaciéon con los simbiontes, promoviendo la inflamacién que
finalmente conduce a la destruccion del tejido conectivo y 6seo. La microbiota en
la periodontitis se desplaza para incluir una mayor proporcién de patobiontes y

patogenos clave. Adaptado de Costalonga y Herzberg, 2014.

Aunque hay mas de 700 especies bacterianas diferentes en simbiosis con el huésped
dentro de la cavidad oral humana (Dewhirst y cols., 2010), solo una pequena fraccién de
estas bacterias tiene el potencial de inducir disbiosis y cambios responsables de la
destruccion del tejido periodontal (Sanz y cols.,, 2017). Entre estas bacterias con
potencial patogénico se encuentran dos especies, Aggregatibacter actinomycelemcomitans y
Porphyromonas gingialis. Ademas, en los Gltimos afios, P. gingwalis ha sido identificado en

estudios experimentales como un patéogeno clave en la promociéon del ambiente
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disbiético que conduce a los cambios inflamatorios crénicos caracteristicos de la lesion
de periodontitis (Hajishengallis y cols., 2012).

En los estudios clasicos de microbiologia periodontal se definieron grupos de
patogenos clave con clara asociacién con el inicio y la progresion de la periodontitis
(AAP, 1996). En el primer grupo se encuentran especies bacterianas como A.
actinomycetemcomutans, P. gingivalis y Tannerella forsythia, teniendo éstas una fuerte evidencia.
En un segundo grupo con una moderada asociacién con la periodontitis, se engloban las
bacterias Campylobacter rectus, Fusobacterium nucleatum, Prevotella intermedia, Parovmonas micra y
Treponema denticola. Por Gltimo, en el tercer grupo se encuentran bacterias como Fikenella
corrodens, teniendo ésta una evidencia inicial (AAP, 1996). Estudios recientes de
microbioma subgingival han revelado también nuevos patdégenos emergentes como

Filifactor alocis, que pueden desempenar un papel importante en la periodontitis (Aruni y

cols., 2015)

1.4. Importancia y consecuencias de la periodontitis

La importancia de la periodontitis no deriva exclusivamente de sus altos indices de
prevalencia, sino de la posible morbilidad que conlleva esta enfermedad. Las
consecuencias de la periodontitis se manifiestan obviamente en la denticiéon afectada
pero, lo que es mas importante, también en una persona, cuyas funciones fisicas y
psicosociales pueden verse afectadas.

El no recibir prevencion o tratamiento de esta enfermedad hace que la periodontitis
progrese hasta el punto en que la pérdida ésea conduce a la pérdida de dientes. En
ultima instancia, los pacientes que tienen pocos dientes o dientes con movilidad
avanzada experimentan una salud oral deficiente y tienen dificultad para masticar,
hablar o pronunciar palabras (Boehm y Scannapieco, 2007). Junto con el deterioro
funcional, como resultado de la migraciéon dental, la movilidad y la pérdida de los
dientes, existen consecuencias estéticas evidentes, asi como efectos psicosociales adversos
debido a la halitosis y la conciencia del mal estado de salud bucal (Papapanou y cols.,
2018). Se podria explicar, por ello, la asociacién entre la pérdida de dientes y la falta de
socializacion, afectando asi a su calidad de vida y ser una fuente de desigualdad social

(Ferreira y cols., 2017).
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Ademas de las consecuencias locales, esta enfermedad tiene un impacto negativo
plausible en la salud general. De hecho, es importante destacar que hay evidencia de
que la periodontitis en sus estadios mas avanzados sin tratamiento, esta relacionada con
ciertas enfermedades y entidades sistémicas. En la Gltima década se ha observado que
existe una plausibilidad biolégica real de que la inflamacion periodontal y las bacterias
patogenas periodontales relacionadas pueden contribuir y estar relacionadas con
diabetes  mellitus, enfermedades  respiratorias, enfermedad cardiovascular
ateroesclerotica (Tonetti y cols., 2013, Dietrich y cols., 2017), artritis reumatoide (Kaur
y cols., 2013), resultados adversos del embarazo (Sanz y cols., 2013) o enfermedad de
Alzheimer (Leira y cols., 2017), entre otras. Por ello, el entender el mecanismo biolégico
plausible que unen la periodontitis con diferentes enfermedades sistémicas ayudaria al

enfoque y tratamiento englobado del paciente a nivel de salud publica.

2. Periodontitis, '"una enfermedad mas alla del periodonto”

2.1. Medicina Periodontal

En 1989 gracias al estudio observacional publicado por cientificos finlandeses, se
observo que un estado periodontal deficiente se asociaba positivamente con el desarrollo
de infarto agudo de miocardio e infarto cerebral (Mattila y cols., 1989). Desde entonces
empez6 un nuevo campo de investigacion en Periodoncia, acuiado con el término de
“Medicina Periodontal”, que naci6 de la mano de Steven Offenbacher en 1996. Esta
rama de la Periodoncia tiene como objetivo estudiar y establecer una posible relacion
entre la periodontitis y las enfermedades o afecciones sistémicas, asi como evaluar su
plausibilidad biolégica y sus implicaciones preventivas y terapéuticas (Williams y
Offenbacher, 2000). Muchos investigadores se han preguntado qué fundamento
biologico podria explicar el posible vinculo entre la periodontitis en sus formas mas
severas y ciertas afecciones sistémicas.

Como bien se ha descrito, la periodontitis es una enfermedad multifactorial donde las
bacterias a nivel subgingival juegan un papel fundamental, siendo estas bacterias el
posible nexo de unién entre la periodontitis y dichas entidades sistémicas. De hecho, son
varios los estudios que han encontrado patégenos periodontales clave del biofilm

subgingival en lugares lejanos al nicho subgingival, en muestras de tejidos y 6rganos
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distantes. La detecciéon de estas bacterias patogenas periodontales en lugares lejanos al
nicho subgingival, sugiere que estos patéogenos orales pueden migrar desde la cavidad
oral, lo que implica la translocaciéon de estas bacterias por el torrente sanguineo
confirmando la capacidad de éstas para invadir la barrera endotelial y desencadenar
una respuesta local. Este paso de patdogenos periodontales a la via sanguinea circulatoria
es uno de los mecanismos biologicos plausibles que explican la coherencia que existe
entre la periodontitis y las enfermedades sistémicas, siendo esta via comuinmente

denominada como via directa (Reyes y cols., 2013) (Figura 4).

Periodontitis
- Productos Mediadores
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Figura 4. Esquema de la relacién de periodontitis con ciertas entidades sistémicas.
Relaciéon y posibles mecanismos directos e indirectos.
IL-1: interlequina-1; IL-6: nterleuquina-6; TNFa: factor de necrosis tumoral- a; LPS:

lipopolisacdridos bacterianos.

La bacteriemia de origen oral se ha definido como el transito o la presencia continua
de bacterias viables en el torrente sanguineo procedentes del biofilm subgingival
(Carmona y cols., 2002). Se ha sugerido que la bacteriemia cronica de bajo nivel es un

mecanismo directo para explicar las asociaciones entre periodontitis y entidades
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sistémicas (Reyes y cols., 2013). En la periodontitis, la microbiota subgingival patégena
se encuentra en contacto cercano con el epitelio ulcerado de las bolsas periodontales. El
epitelio ulcerado en el paciente con periodontitis puede tener facilmente un area de 8-20
cm? (Hujoel y cols., 2001). Esto hace que la translocacion de bacterias patéogenas y sus
endotoxinas al torrente sanguineo sea plausible (Parahitiyawa y cols., 2009) generando
bacteriemias transitorias. Ademas de las bacterias, las toxinas bacterianas (endotoxinas,
es decir, lipopolisacaridos) y todo tipo de otros componentes antigénicos de las bacterias
tienen la posibilidad de penetrar en los tejidos periodontales y entrar en los vasos
sanguineos (Hirschfeld y Kawai, 2015). Por este motivo, cualquier perturbacion en la
integridad fisica del epitelio ulcerado subgingival, podria dar lugar al paso de bacterias
patégenas periodontales al sistema vascular.

Son varios los estudios que han detectado la presencia de patégenos periodontales en
lugares distantes del area subgingival. En la Figura 5, se resumen las bacterias patogenas
periodontales encontradas en lugares distantes y en relaciéon con diversas entidades

sistémicas.
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Figura 5. Resumen de las especies bacterianas, de posible origen periodontal, encontradas en

lugares distantes al surco subgingival.
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Enfermedad cardiovascular ateroesclerotica

La enfermedad cardiovascular aterosclerética, comprende un grupo de enfermedades
que afectan principalmente la vascularizaciéon de los o6rganos vitales, incluidos el
corazén, el cerebro y los rifiones, e incluyen eventos fatales y no fatales.
Tradicionalmente, la enfermedad cardiovascular aterosclerética se puede agrupar en (1)
enfermedad de la arteria coronaria, (2) enfermedad cerebrovascular isquémica; (3)
enfermedades arteriales periféricas; y (4) otras manifestaciones (Stary y cols., 1995).

La deteccion de ADN de bacterias periodontopatdégenas en placas de ateroma
humanas fue descrita por primera vez en el afio 2000, donde se encontr6 ADN de
patogenos periodontales, como P. gingwalis, A. actinomycetemcomitans, P. intermedia y T.
Jorsythia (Haraszthy y cols., 2000). Posteriormente, otro estudio confirmé la presencia de
ADN bacteriano en 42 placas ateromatosas recuperadas por endarterectomia. Las
especies bacterianas mas comuinmente encontradas en este estudio fueron P. gingwalis,
seguido de A. actinomycetemcomitans, 1. forsythia, E. corrodens, F. nucleatum y C. rectus (Figuero
y cols., 2011). Mas recientemente, Clandrini y cols. en una muestra de 35 placas de
ateroma de pacientes que sufrieron un infarto de miocardio, detectaron A.
actinomycetemcomitans en 7 placas (20%) (Calandrini y cols., 2014). En resumen, se han
detectado las siguientes bacterias de posible origen periodontal: A. actinomycetemcomitans,
. nucleatum, P. gingwalis, P. intermedia, 1. forsythia, E. corrodens y C. rectus .

La implicaciéon de las bacterias de posible origen periodontal en el inicio y la
progresion de la lesion aterosclerética es ahora ampliamente conocida. Las bacterias
difundidas dentro del torrente sanguineo pueden adherirse a la superficie vascular a
través de proteinas de adhesion. Ademas, se ha demostrado que los patdégenos
periodontales pueden invadir directamente las células endoteliales y las células del
musculo liso (Deshpande y cols., 1998). Asi, las células inflamatorias presentes en las
placas ateroscleroticas son estimuladas y activadas (Zaremba y cols., 2007). Los
monocitos activados por patdégenos periodontales migran quimiotacticamente hacia el
espacio subendotelial, se transforman en macrofagos y, posteriormente, en células
espumosas después de la absorcion de lipoproteinas de baja densidad (LDL) oxidada
(oxLLDL). La formacién de estas células espumosas resulta de la conversion inicial de
LDL a oxLLDL por la respuesta al estrés oxidativo de los macrofagos que se transforman
en células espumosas. Se ha demostrado que esta oxidacién es estimulada por P.
gingiwalis y que sus vesiculas de membrana externa fueron capaces de inducir la

formacion de células espumosas directamente. La apoptosis de los macréfagos cargados
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de LDL produce la acumulacién de lipidos en el espacio subendotelial. Por lo tanto, los
patogenos periodontales pueden mantener una respuesta inflamatoria dentro de la placa
aterosclerotica, predominantemente mediada por macrofagos y células endoteliales.
Ademas, pueden inducir la expresion y actividad del factor tisular, lo que conduce a una
mayor tendencia a la coagulacion. Los estudios i viwo en animales han demostrado que
P. gingwalis puede inducir lesiones aterosclerdticas aodrticas coronarias en cerdos
normocolesterolémicos a través de bacteriemias (Brodala y cols., 2005) y acelerar la

aterosclerosis existente (L1 y cols., 2002).

Efectos adversos del embarazo

Los resultados adversos del embarazo es un término amplio que incluye el parto
prematuro, preeclampsia, aborto espontaneo, retraso del crecimiento intrauterino, bajo
peso al nacer, muerte fetal y sepsis neonatal. Los patégenos bacterianos, los antigenos,
las endotoxinas y las citoquinas proinflamatorias producidas durante la periodontitis
pueden atravesar la barrera placentaria y provocar trastornos en la unidad materno-
fetal que podrian contribuir a resultados adversos en el embarazo (Madianos y cols.,
2013). F. nucleatum es, con mucho, la especie periodontal mas prevalente con estas
patologias y se ha detectado en una amplia variedad de tejidos placentarios y fetales,
incluido el liquido amnidtico, las membranas fetales, la sangre del cordén umbilical, los
aspirados gastricos neonatales, el pulmoén y el estdémago fetales, asociados con parto
prematuro, muerte fetal y sepsis neonatal (Gonzales-Marin y cols., 2011, Wang vy cols.,
2013). P. gingwalis, F. nucleatum y C. rectus se detectaron en el liquido amniético y
placentas de mujeres con periodontitis que tuvieron un parto prematuro (Katz y cols.,
2009, Reyes y cols., 2018). Por otro lado, P. gingwalis y A. actinomycetemcomitans (y sus
endotoxinas), fueron encontradas en placentas de mujeres con preeclamsia y partos
prematuros con bajo peso del recién nacido (Swati y cols., 2012).

Para estudiar el efecto directo que supondrian las bacterias de origen periodontal en
las complicaciones del embarazo, se han utilizado modelos  vitro. Se ha observado que
la infeccion de trofoblastos (un grupo de células que forma la capa externa del
blastocito, que provee nutrientes al embrion y se desarrolla como parte importante de la
placenta) con P. gingivalis, indujo apoptosis de las mismas (Riewe y cols., 2010).

Ademas, se ha observado en modelos de animal que la inyeccion de P. gingwalis en

ratones, produjo un incremento en la estimulacion de la produccién de prostaglandinas
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en el corion, pudiendo exacerbar la maduracion cervical y aumentar las contracciones

uterinas dando lugar al parto prematuro (Reyes y cols., 2018).

Enfermedad de Alzheimer

La enfermedad de Alzheimer es una enfermedad neurodegenerativa progresiva
caracterizada por un deterioro progresivo e irreversible en la memoria, el pensamiento y
el lenguaje y la capacidad de aprendizaje, que finalmente termina en la muerte. La
presencia de células gliales activadas que producen niveles significativos de citoquinas
inflamatorias es una caracteristica clave de la enfermedad de Alzheimer. Ademas, las
placas b-amiloides y los agregados de tau causan un dafio directo en esta enfermedad.
La respuesta inmune innata intenta eliminar estos agregados del cerebro, pero en
cambio agrava la neurodegeneracién. Por lo tanto, se detecta un aumento de las
citoquinas proinflamatorias en pacientes de edad avanzada con enfermedad de
Alzheimer y periodontitis (Dominy y cols., 2019).

Curiosamente, el lipopolisacarido (LPS) de los patoégenos periodontales como P.
gingivalis y T. denticola se ha aislado en cerebros humanos de enfermedad de Alzheimer,
lo que sugiere que los factores de virulencia de estos patdogenos podrian desempefiar un
papel en el desarrollo de la activaciéon de célula gliales, inflamacién cerebral y la
enfermedad de Alzheimer (Poole y cols., 2013). Ademas, se detectaron bacterias como el
patogeno periodontal 7. denticola en los cerebros postmortem de enfermedad de
Alzheimer, lo que sugiere que, ademas de los mediadores inflamatorios, algunos
patogenos periodontales pueden invadir el cerebro al cruzar la barrera
hematoencefalica (Riviere y cols., 2002). Estudios en ratas, en los se producia una
inhibicién de la gingipaina a nivel cerebral, mostraron una reducciéon en la carga
bacteriana de infeccion cerebral establecida por P. gingiwalis y un descenso en la

neuroinflamaciéon (Dominy y cols., 2019).

Artritis reumatoide

La artritis reumatoide es una enfermedad autoinmune caracterizada por la
inflamacion cronica de las articulaciones y los tejidos circundantes, que eventualmente
conduce a la destruccion de la arquitectura articular y la funcién deteriorada.
Numerosos estudios clinicos apuntan hacia una posible asociacién entre esta
enfermedad y la periodontitis (Martinez-Martinez y cols., 2009, Dissick y cols., 2010). El

ADN bacteriano periodontal de P. intermedia y P. gingivalis se detect6 en el liquido sinovial
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de pacientes con artritis reumatoide y periodontitis (Martinez-Martinez y cols., 2009,
Arana y cols., 2018). En un estudio reciente, en dos pacientes con artritis reumatoide y
periodontitis, F. nucleatum fue detectado tanto en el liquido sinovial como en las muestras
subgingivales correspondientes (Temoin y cols., 2012). El hallazgo de ADN bacteriano
periodontal en el liquido sinovial sugiere la posibilidad de que los organismos se
trasladen de la cavidad bucal a la sinovial.

Se ha postulado que la capacidad de patégenos periodontales tales como P. ginigvalis,
podria inducir la citrulinacién, que es la modificacién postraducional que conduce a la
produccion de anticuerpos anticitrulinados de proteinas / péptidos, y estos son el

biomarcador de artritis reumatoide mas sensible y especifico (Olsen y cols., 2018).

2.2. Estudios de bacteriemias de origen periodontal: ;se pueden detectar

bacterias patéogenas periodontales en muestras de sangre?

Se ha observado, por tanto, la presencia de patéogenos periodontales en lugares
distantes al area subgingival y su posible implicaciéon local que éstas pueden tener en el
desarrollo de diferentes enfermedades sistémicas. Por ello, esto sugiere que las bacterias
periodontales clave viajan a través del torrente sanguineo, dandose episodios de
bacteriemias. Estos episodios de bacteriemia se han descrito tras manipulaciones no
profesionales, tales como la masticaciéon, procedimientos de higiene oral, y tras
manipulaciones profesionales periodontales, como profilaxis dental, sondaje
periodontal, raspado y alisado radicular, cirugia periodontal, o extraccion dental
(Tomas y cols., 2012, Horliana y cols., 2014).

Sin embargo, los estudios que analizan muestras de sangre tras bacteriemias
asociadas con manipulaciones periodontales han reportado resultados muy
heterogéneos en términos de prevalencia global (15-80%). Ademas, no todos los
estudios detectan bacterias patdégenas periodontales tales como P. gingwals o A.
actinomycetemcomutans en esas muestras de sangre directas (Tabla 2). Aquellos pocos
estudios que detectan patégenos periodontales lo hacen en bajas prevalencias y sin
describir el grado de magnitud de las bacteriemias.

Se ha argumentado que esto puede deberse: (1) a las diferencias en las caracteristicas
de los grupos de estudio respecto al estado de salud periodontal del paciente; (2) a las

técnicas de analisis utilizadas; o (3) al estado o carga bacteriana subgingival del paciente.
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Con respecto al estado de salud periodontal, se ha informado que la bacteriemia es
mas comun en presencia de inflamaciéon periodontal (Lockhart y cols., 2009, Tomas y
cols., 2012). Atn mas, se encontré que mayores niveles de sangrado al sondaje y una
mayor profundidad de bolsa periodontal, se asociaron significativamente con
bacteriemia positiva (Daly y cols., 2001). Esta es la razén por la que la periodontitis en
sus estadios mas avanzados cabria de esperar que tuviera mayores episodios de
bacteriemia.

El uso de diferentes técnicas de analisis microbiologicas puede ser, al menos en parte,
responsable de esta variabilidad entre los estudios de bacteriemias. En la mayoria de los
trabajos, la identificacion de los aislamientos bacterianos se efectué mediante el empleo
de técnicas microbiolégicas convencionales y técnicas que no han sido validadas para su
uso en la deteccién de patogenos periodontales clave. Ademas, un aspecto interesante
seria valorar la magnitud de bacteriemia que pueden sufrir los pacientes con diferentes
grados de periodontitis. Este aspecto sélo es posible valorarlo mediante el empleo de
técnicas cuantitativas y especificas.

Por otro lado, teniendo en cuenta que el nicho subgingival sirve de reservorio para la
diseminacion sistémica de bacterias patdégenas periodontales y sus toxinas al torrente
sanguineo, son pocos los estudios de bacteriemia que analizan este aspecto. Son pocos
los que toman muestras a nivel subgingival (Perez-Chaparro y cols., 2008, Castillo y
cols., 2011) y aquellos que las toman no hacen una correlaciéon con la carga
microbiolégica de los pacientes que hayan podido sufrir bacteriemia con lo encontrado
a nivel subgingival. Ademas, teniendo en cuenta lo que sabemos de la microbiologia
periodontal y de las técnicas de andlisis utilizadas para detectar patégenos periodontales
clave a nivel subgingival, seria interesante el aplicar este conocimiento para validar y
optimizar técnicas de analisis para su uso a nivel de bacteriemias de origen periodontal
tanto para la deteccion de bacterias a nivel de muestras de sangre como a nivel

subgingival.
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3. Técnicas de analisis microbiolégico

Dado que en el desarrollo de la periodontitis la microbiota subgingival juega un
papel fundamental y que estd en relacion con diferentes afecciones sistémicas, el
desarrollo de técnicas de analisis microbiolégico destinadas a la deteccion y
cuantificacion de patégenos periodontales clave como P gimgwals o A
actinomycetemcomutans, tanto a nivel subgingival como a nivel de muestras de sangre,
constituye una via importante de informacion.

La comprension de la microbiota periodontal ha experimentado cambios
secuenciales a lo largo del tiempo tras la introduccién y aplicacion de métodos cada vez
mas sofisticados y de mayor rendimiento para la caracterizaciéon e identificacion
bacteriana. La apreciacion de la complejidad de la microbiota oral ha aumentado con el
desarrollo de las tecnologias. Por ello, viendo el progreso en el ambito de la
microbiologia periodontal y la investigaciébn en este campo, es importante la
identificacion y deteccion de estos patogenos periodontales tanto para la practica diaria
como en el ambito de la investigacion. Para ello, a lo largo de este ultimo siglo las
técnicas microbiologicas han ido evolucionando y apareciendo nuevas técnicas para esta
aplicacion. Tanto en las muestras de sangre como en las subgingivales, las técnicas mas
empleadas han sido englobadas en dos grandes grupos: técnicas basadas en cultivo y

técnicas moleculares.

3.1. Técnicas basadas en cultivo

3.1.1. Técnica de frascos/botellas para hemocultivo

Es una de las técnicas de referencia en el estudio de bacteriemias en ambito médico-
hospitalario, asi como en estudios de bacteriemia de origen oral. El hemocultivo se
define como el cultivo microbiolégico de una muestra de sangre obtenida por una
puncion. Es un método de diagnoéstico destinado a la detecciéon de bacterias en sangre y
su posterior identificacion. Los sistemas de hemocultivo incluyen clasicamente dos fases:
inoculaciéon de la sangre en botellas/frascos con diferentes medios de cultivo para la
deteccion de bacterias después de un tiempo de incubacién; y posterior subcultivo para
la identificacién bacteriana en placas de medios enriquecidos (Weinstein, 1996). Ningtin

medio o sistema es capaz de detectar todos los microorganismos. La decisiéon sobre la
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eleccion de las formulaciones de los medios deberia basarse en datos de estudios
controlados en los que se evalu6 este aspecto. De hecho, el inconveniente de utilizarlo a
nivel de bacteriemias de origen periodontal, es que ningin estudio ha validado su uso y
ademas muchos de ellos no utilizan un subcultivo adecuado y especifico para la
identificacién de patdégenos periodontales.

Existen métodos tradicionales o manuales y sistemas mas modernos automatizados y
automatizados de control continuo. Los métodos manuales o tradicionales se basan en
el uso de botellas de hemocultivo apropiadas, que se colocan en una incubadora estatica
convencional y se inspeccionan diariamente para detectar signos de crecimiento
bacteriano, como el enturbiamiento del medio, la hemolisis de los hematies, o la
formacién de colonias en el fondo del frasco. En cuanto a los sistemas automatizados,
tipo BACTEC® (Becton, Dickinson and Company, Franklin Lakes, NJ, EE.UU.), las
botellas/frascos se introducen en una maquina de hemocultivo, que incuba las muestras
a temperatura corporal. La produccion de diéxido de carbono por microorganismos en
las botellas se controla continuamente, ya sea por deteccidon colorimétrica o
fluorescente. Durante la incubacion, las botellas se agitan continuamente en el equipo
automatizado. Sin embargo, estos sistemas automatizados son costosos y requieren de
un mantenimiento regular (Lamy y cols., 2016).

Algunas de las ventajas y desventajas de este método en frascos/botellas, es que
podemos detectar cantidades pequenias de bacterias en sangre, pero el inconveniente es
que no permite cuantificar los niveles de bacteriemia, ya que requiere el uso de un
medio liquido enriquecido que sobredimensione la presencia de patégenos en la sangre
periférica, por ello es considerado un método cualitativo, no pudiendo obtener
informaciéon sobre la magnitud de bacteriemia que puede tener un paciente con
periodontitis. Ademas, los niveles de sangre necesarios suelen ser mayores en
comparacion a otras técnicas (10-30 mL para un paciente adulto, aunque se
recomiendan volimenes inferiores para los nuevos sistemas automatizados de
monitoreo continuo). Se considera que el indice de positividad aumenta entre el 3% vy el
5% por cada mililitro adicional de sangre cultivada (Weinstein, 1996). Sin embargo, no
es recomendable aumentar el volumen para asi mantener una proporcion de volumen
sangre/medio de cultivo adecuados.

Si se analiza lo publicado en estudios de bacteriemias en pacientes con periodontitis
con el uso de sistemas de hemocultivo en frascos/botellas, tanto tras procedimientos de

la vida cotidiana como tras procedimientos periodontales, P. gingivalis fue identificado en
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cuatro estudios tras procedimientos de raspado y alisado radicular (Lafaurie y cols.,
2007, Padilla y cols., 2007, Castillo y cols., 2011, Waghmare y cols., 2013) no siendo
detectado tras manipulaciones no profesionales. En cuanto a A. actinomycetemcomitans,
solo fue identificado en cuatro estudios, en dos tras procedimientos de raspado y alisado
radicular (Padilla y cols., 2007, Castillo y cols., 2011), y en dos tras manipulaciones de
vida cotidiana tales como el uso de la seda dental o cepillado dental (Crasta y cols.,

2009, Lockhart y cols., 2009).

[

&

#iig]

Figura 6. Frascos de hemocultivo para sistemas automatizados de

deteccion de crecimiento bacteriano mediante fluorescencia.

3.1.2. Lisis-centrifugacion

Es un sistema de cultivo de sangre de un solo tubo basado en lisis, centrifugacion y
posterior cultivo directo en medios apropiados. Su nombre comercial es Isolator®
(Oxoid Limited, Basingstoke, Hants, Reino Unido). Estos tubos contienen los siguientes
reactivos en una solucién acuosa: saponina (agente de lisis celular), propilenglicol
(bloquea la tendencia espumosa de la saponina) y polianetol sulfonato sédico (SPS,
anticoagulante) (Loza y cols., 2003).

Se demostr6 que es mas sensible y rapido que otras técnicas de cultivo de sangre,
incluidos los hemocultivos en frascos, para detectar bacteriemia en pequenias cantidades
(Henry y cols., 1984). Ademas, la cantidad de sangre necesaria es inferior, con 5 mL por
cada tubo. Es considerado un método cuantitativo, ya que podemos hacer recuentos de
numero de colonias en sangre, pudiendo por ello valorar la magnitud de bacteriemias.
Sin embargo, tiene inconvenientes tales como la necesidad de procesado inmediato,

mayor incidencia de contaminaciones, manejo laborioso, y que es un sistema caro (Loza
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y cols., 2003). Ademas, al igual que el sistema de cultivo en frascos/botellas, es un
método especifico solo para la deteccion de bacterias en sangre, no pudiéndose utilizar
para otro tipo de muestras como las subgingivales.

Son varios los estudios de bacteriemia en el campo de la medicina periodontal que
han utilizado esta técnica, obteniendo resultados positivos en la deteccion de A.
actinomycetemcomutans (Zhang y cols., 2013) y P. gingwalis (Forner y cols., 2006) tras
tratamientos de raspado y alisado radicular. A pesar de su utilizacién en este campo, no
ha sido comparada con otras técnicas ni validado para la deteccion de bacterias

patogenas periodontales.

3.1.3. Cultivo anaerobio directo

Durante muchos anos, el cultivo bacteriano se ha considerado el método “gold-
standard” o de referencia para detectar bacterias patdégenas periodontales que residen
en el biofilm subgingival (Sanz y cols., 2004). Se basa en la utilizaciéon de medios
suplementados o especificos para la deteccién de patdogenos periodontales clave tales
como P. gingwalis o A. actinomycetemcomitans (Figura 7). Para la detecciéon de la bacteria
anaerobia P. gingiwalis se utilizan medios de agar-sangre no selectivos suplementados con
hemina-menadiona.  Aggregatibacter actinomycetemcomitans es una bacteria anaerobia
facultativa que requiere medios nutricionales complejos para el crecimiento, siendo el
medio Dentaid-1 uno de los medios mas selectivos para su aislamiento y crecimiento en
muestras periodontales. Este medio carece de sangre y suero, y esta suplementado con
vancomicina (Alsina y cols., 2001). No hay estudios donde hayan utilizado esta técnica
con estos medios especificos para la deteccion de bacterias patdégenas periodontales
clave en muestras de sangre. Sin embargo, seria una técnica cuantitativa con la que
podriamos valorar la magnitud de las bacteriemias de origen periodontal y a su vez
analizar las muestras subgingivales de los mismos pacientes con la misma metodologia.

Este método tiene, entre sus ventajas, la capacidad de detectar multiples especies
bacterianas a la vez, incluyendo bacterias inesperadas (Atieh, 2008). Sin embargo, entre
las limitaciones de esta técnica, al igual que todas las técnicas que se basan en cultivo, se
encuentra la imposibilidad de detectar ciertos organismos, bien porque sean especies no
cultivables, porque requieran condiciones de crecimiento rigurosas, porque las especies
cultivables estén presentes en poca abundancia o bien porque las bacterias hayan
muerto durante alguna de las fases del cultivo o durante el transporte, lo cual puede

conducir a resultados de falsos negativos. De hecho, del 20% al 60% de las especies
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bacterianas presentes en el biofilm subgingival, se consideran no cultivables, ya que solo
se han identificado mediante métodos moleculares (Paster y cols., 2001). Ademas, esta
técnica tiene otros inconvenientes como la lentitud, el coste de los procedimientos, asi
como la necesidad de personal experimentado en la identificacién y aislamiento de este
tipo de especies (Morillo y cols., 2003, Sanz y cols., 2004). Para superar estas
limitaciones, se han desarrollado técnicas basadas en métodos moleculares como los

ensayos de reacciéon en cadena de la polimerasa (PCR).

7y 14 dias de incubacién anaerébica
(80% Na, 10% Ha, 10% COq at 37°C)
Placas agar-sangre
3y 5 dias de incubacion a 37°C en aire con 5% de CO2
Placas Dentaid-1

Figura 7. Medios empleados para la técnica de cultivo anaerobio directo.

3.2. Técnicas de biologia molecular: reaccion en cadena de la

polimerasa

La reaccion en cadena de la polimerasa, conocida como PCR por sus siglas en inglés
(Polymerase Chain Reaction), tiene como objetivo obtener un gran nimero de copias de un
fragmento de ADN especifico, partiendo de un minimo, por lo que resulta mucho mas
facil identificar con una alta probabilidad, las bacterias presentes en una muestra.
Comprende la amplificacion y deteccién de productos de ADN utilizando cebadores
especificos (Suchett-Kaye y cols., 2001). En los tGltimos afios, en base a las limitaciones

mostradas por los métodos de cultivo, la PCR y otro tipo de técnicas moleculares se han



erigido como procedimientos complementarios, alternativos o incluso de referencia, ya
que permiten detectar la presencia de bacterias no cultivables asi como aquellas de lento
o dificil crecimiento, ademas de acortar los tiempos de procesado y obtenciéon de
resultados, lo cual aporta ventajas importantes para la obtencién de diagnosticos rapidos
en la practica clinica diaria. Ademas, la PCR es mas especifica y sensible que el cultivo,
basandose en la deteccién de secuencias de ADN especificas de genes bacterianos, por
lo que se ofrece la posibilidad de distinguir bacterias estrechamente relacionadas
(Jervoe-Storm y cols., 2005). Esta metodologia ha sido ampliamente utilizada en
muestras subgingivales de pacientes con periodontitis (Lau y cols., 2004, Jervoe-Storm y
cols., 2007, Cionca y cols., 2010, Guglielmetti y cols., 2014, Iniesta y cols., 2012,
Montero y cols., 2017) y también ha sido utilizada, con mucha menor frecuencia, en la
deteccion de bacteriemias de origen periodontal (Kinane y cols., 2005, Padilla y cols.,
2007, Lockhart y cols., 2008, Castillo y cols., 2011, Kinane y cols., 2015, Balejo y cols.,
2017). Sin embargo, hay que tener en cuenta que la bacteriemia per se conlleva la
deteccion de bacterias “vivas” o “viables” en muestras de sangre. Sin embargo, mientras
que el cultivo bacteriano si que se basa en la deteccion de células vivas, la PCR se basa
en la deteccion del ADN de las bacterias, ya sea vivo o muerto (Atiech, 2008). Sin
embargo, al igual que la técnica de cultivo anaerobio directo, se podrian analizar tanto
las muestras subgingivales como las muestras de sangre del mismo paciente con la
misma metodologia.

La mayoria de los ensayos de PCR para bacterias periodontales utilizan secuencias
de 16S rARN, es un componente de la subunidad pequena (30S) de todos los ribosomas
bacterianos. Los genes que lo codifican se denominan ADNr 16S. Esta pequefia
subunidad de ADN presente en todas las especies bacterianas contiene secuencias
especificas de especies altamente conservadas. Por lo tanto, una vez que se ha
determinado la secuencia de un gen de ADNr 16S de una bacteria, es posible disefiar
una PCR, wusando cebadores que se unan a secuencias, que amplificaran

especificamente s6lo el ADN 168 de la bacteria objetivo.

Existen distintas modalidades de PCR, entre las que destacan:

3.2.1. PCR convencional
Mediante esta modalidad, los millones de copias de esta secuencia de ADN particular

que se amplifican, son detectados a tiempo final y pueden visualizarse mediante
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electroforesis en gel de agarosa. Esta técnica solo proporciona informacion cualitativa
sobre las bacterias objeto de estudio y, por lo tanto, su uso con fines de diagnéstico
puede ser limitado. Debido a que los patégenos periodontales existen no solo en bolsas
periodontales sino también en el surco sano, la deteccion cualitativa o semi-cuantitativa
no es adecuada para el diagnoéstico en periodontitis. A su vez, la utilizacién de esta
técnica en muestras de sangre limitaria la informacién a la presencia/ausencia de
bacterias en sangre, sin poder valorar la magnitud de bacteriemias de origen
periodontal. Ademas, requiere una fase post-PCR para identificar la amplificacion y es
menos sensible que la modalidad de PCR cuantitativa.

Autores como Lockhart y cols., Kinane y cols. y Castillo y cols. (Kinane y cols., 2005,
Lockhart y cols., 2008, Castillo y cols., 2011) complementan el sistema de hemocultivo
de frascos/botellas con una técnica cualitativa basada en PCR convencional. En el caso
de Kinane y cols. se observo que la prevalencia global de bacteriemia del 3% obtenida
con hemocultivo se increment6 hasta el 13% cuando se analizé con PCR. En el estudio
de Castillo y cols. observaron que tras raspado y alisado radicular en los pacientes con
periodontitis la PCR fue capaz de detectar A. actinomycetemcomitans, P. gingwalis, y T.
Jorsythia en muestras de sangre; y ademas a mayores prevalencias que los hemocultivos

(Castillo y cols., 2011).

3.2.2. PCR cuantitativa en tiempo real (qPCR)

La qPCR es una variante de la PCR que tiene como caracteristica principal su
capacidad de cuantificar la cantidad de ADN presente en la muestra original. En este
caso, se puede monitorizar el progreso de la amplificaciéon mientras éste sucede, mucho
antes de que ésta termine, y, por tanto, no requiere de un procesado una vez finalizado
el proceso.

Para la amplificaciéon por PCR en tiempo real, es necesario emplear un fluoréforo,
de manera que la emision de fluorescencia producida en la reaccion es proporcional a la
cantidad de ADN que se va generando, permitiendo conocer y registrar en todo
momento la cinética de la reaccién de amplificacion. El proceso se puede automatizar
facilmente usando un sistema que realice la amplificaciéon (termociclador) y que a su vez
sea capaz de leer fluorescencia.

La PCR cuantitativa en tiempo real ha demostrado ser un método preciso y sensible
para la cuantificaciéon de bacterias periodontales clave a nivel subgingival, con alta

sensibilidad y especificidad (Boutaga y cols., 2007). Es mas, varios estudios han
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demostrado y validado la alta precision diagnostica de la qPCR para la deteccion de
bacterias patégenas periodontales como A. actinomycetemcomitans, P. gingivalis y 1. forsythia
en comparacion con el cultivo en muestras subgingivales (Boutaga y cols., 2003,
Yoshida y cols., 2003). Esto haria pensar que podria ser una buena técnica para utilizar
en estudios de bacteriemia de origen periodontal para asi analizar muestras de sangre y
subgingival con la misma metodologia.

Sin embargo, para la deteccion de patogenos periodontales en muestras de sangre
s6lo dos estudios han utilizado esta metodologia (Balejo y cols., 2017, Ratto-Tespestini y
cols., 2016), obteniendo sélo uno de ellos resultados positivos en la deteccion de P.

gingiwalis tras raspado y alisado radicular (Balejo y cols., 2017).
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Figura 8. La qPCR permite la deteccion directa de productos de PCR,
combinando amplificacién y deteccion en un solo paso. Se realiza en
un termociclador con capacidad de hacer incidir sobre cada muestra un haz de luz
de una longitud de onda determinada y de detectar la fluorescencia emitida por el
fluorocromo excitado. La cuantificacién puede realizarse de forma absoluta. Se
relaciona la sefial de amplificaciéon obtenida con el contenido en ADN empleando

una curva de calibracién.

3.2.3. qPCR multiple
Recientemente, una modalidad diferente de gPCR, qPCR multiplex o multiple (m-

qPCR) se ha utilizado con éxito en el diagnoéstico microbiolégico médico (Puenpa y
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cols., 2017). El ensayo m-qPCR lleva el analisis un paso mas alla, permitiendo la
amplificacién simultanea de diferentes secuencias objetivo de la misma muestra, lo que
implica una clara reduccion en el tiempo y el costo (Bolivar y cols., 2014). Las grandes
ventajas de la aplicaciéon de esta metodologia en la deteccién de bacterias patogenas
periodontales en muestras subgingivales es la alta sensibilidad de deteccion, el alto
rendimiento, la velocidad del ensayo y las multiples especies bacterianas que se pueden
detectar en la misma reaccién. Sin embargo, estos ensayos de m-qPCR no han sido
validados en la identificaciéon y cuantificacion de patégenos periodontales a nivel
subgingival ni a nivel de muestras de sangre. Por ello, seria de interés el validar estas
técnicas para la deteccién de bacterias periodontales a nivel subgingival primero, para
posteriormente poder aplicar a diferentes tipos de muestras para detectar bacterias
patogenas periodontales.

En el contexto de un ensayo de m-qPCR, muchos factores contribuyen a la
amplificacién 6ptima de los fragmentos de ADN diana. Estos factores incluyen la
calidad de la plantilla, las condiciones de amplificacion y los reactivos. Es razonable
ajustar las condiciones de qPCR para lograr la eficiencia de amplificacion mas 6ptima
para todos los objetivos previstos, evitando al mismo tiempo la amplificacion cruzada de
ADN no deseados. Uno de los inconvenientes de este método son las posibles reacciones
cruzadas que puedan detectar ADN no objeto de estudio. Otra dificultad asociada con
la tecnologia m-qPCR es la seleccion de multiples sondas con diferente longitud de onda
de fluorescencia, lo que permite la distinciéon de sefiales de diferentes conjuntos de
cebadores / sondas, pero los espectros de emision de los fluoréforos utilizados con el
qPCR pueden superponerse, lo que podria producir un didlogo cruzado entre los

diferentes canales (Molenkamp y cols., 2007).
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III. JUSTIFICACION






La periodontitis, en sus estadios mas avanzados, afecta al 7-10% de la poblacion
mundial, produciendo cambios relevantes a nivel local y sistémico en estos pacientes.
Las bacterias responsables del inicio y progresion de esta enfermedad parecen ser
también los responsables del nexo de uniéon entre la periodontitis y diferentes
enfermedades o entidades sistémicas. Las bacterias procedentes del biofilm subgingival
son capaces de alcanzar el torrente sanguineo tras diferentes manipulaciones no
profesionales y profesionales, dando lugar a episodios de bacteriemia. A pesar de que en
la literatura se haya detectado la presencia de bacterias patégenas periodontales, tales
como P. gingwalis o A. actinomycetemcomitans, en muestras de sangre evaluando bacteremias
de origen periodontal, las prevalencias son muy bajas y son muy pocos estudios los que

evaluan la magnitud de esa bacteriemia.

Ademas, dada la importancia que tendria la deteccion de bacterias patogenas
periodontales en sangre, por la relacion que existe entre la periodontitis y ciertas
entidades sistémicas, seria de interés la correlacion de estas bacterias con lo encontrado

a nivel subgingival.

Por tanto, resulta de interés la aplicacion de los conocimientos de los que se dispone
en la actualidad en el campo de la microbiologia periodontal para identificar las técnicas
apropiadas para el analisis de bacteriemias en sujetos con periodontitis, siendo técnicas
que permitan la detecciéon de patoégenos periodontales, tanto en muestras de sangre
como a nivel subgingival, para asi poder aplicar esta metodologia en futuros estudios de

bacteriemia de origen periodontal.
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IV. HIPOTESIS Y
OBJETIVOS






HIPOTESIS

1. Hipotesis general

Las técnicas mas adecuadas para la detecciéon y cuantificaciéon de bacteriemias de
origen periodontal son aquellas utilizadas para la deteccion de bacterias patoégenas
periodontales a nivel subgingival, tales como el cultivo anaerobio directo y la reaccion
en cadena de la polimerasa cuantitativa en tiempo real (qPCR). Esto permitiria utilizar
las mismas técnicas en cada paciente y establecer correlaciones entre ambos tipos de

muestras (sangre y subgingival).

2. Hipétesis especificas

Estudio 1: Los métodos validados para la deteccion de patdégenas periodontales a nivel
subgingival, como el cultivo anaerobio directo y la qPCR, son las técnicas de eleccion

para la deteccion de bacterias periodontopatégenas en muestras de sangre.

Estudio 2: Los pacientes con periodontitis sufren bacteriemias de origen periodontal
tras procedimientos de higiene oral interdental, los cuales pueden ser detectados

mediante cultivo anaerobio directo y gPCR.

Estudio 3: La técnica de qPCR multiplex es valida para la identificaciéon y
cuantificacion simultanea de A. actinomycelemcomitans y P. gingwalis en muestras

subgingivales.

Estudio 4: La técnica de qPCR multiplex es valida para la identificaciéon y
cuantificacion simultanea de A. actinomycetemcomitans, P. gingialis y T. forsythia en muestras

subgingivales, en comparaciéon con el cultivo anaerobio directo.
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OBJETIVOS

1. Objetivo general

Validar y comparar los resultados obtenidos con diferentes técnicas microbiologicas
(BACTEC®, lisis centrifugacion, cultivo anaerobio directo, qPCR) para la deteccion de
bacterias patogenas periodontales en muestras de sangre y en muestras subgingivales,

para el estudio de bacteriemias de origen periodontal.

2. Objetivos especificos

Estudio 1: Comparar y validar la capacidad de detectar y cuantificar A.
actinomycetemcomutans, P. gingialis y Streptococcus oralis (solos o en combinacién) en muestras
de sangre in vitro con tres técnicas de cultivo [cultivo anaerobio directo, hemocultivo
(BACTEC®) y lisis centrifugacién] y un enfoque no dependiente del cultivo, con técnica

molecular [reaccion en cadena de la polimerasa cuantitativa en tiempo real (qPCR)].

Estudio 2: Comparar la presencia y las cantidades de A. actinomycetemcomitans y P.
gingiwalis en muestras de sangre tras episodios de bacteriemia inducida por el cepillado
interdental en individuos periodontalmente sanos y con periodontitis utilizando una
técnica basada en cultivo (cultivo anaerobio directo) y una técnica molecular (QPCR) en
un modelo de estudio transversal. Ademas, establecer la correlacién entre los recuentos

microbiolégicos en muestras subgingivales y de sangre.

Estudio 3: Validar  vitro e in vivo una técnica de biologia molecular, gPCR multiplex
para la identificacion y cuantificacion simultanea de A. actinomycetemcomitans y P. gingwalis

en muestras subgingivales.

Estudio 4: Validar y comparar los resultados obtenidos en la deteccion y
cuantificacion simultanea de 4. actinomycetemcomitans, P. gingwalis y 1. forsythia en muestras
subgingivales de pacientes con diferentes grados de periodontitis con el cultivo

anaerobio directo frente a qgPCR multiplex.
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V. MATERIAL Y
METODOS.
RESULTADOS.






El Material y Métodos, asi como los Resultados de cada estudio publicado que
engloban esta tesis doctoral, han sido descritos detalladamente y publicados como

articulos cientificos independientes con las siguientes referencias:

Estudio - Articulo #1: Marin MJ., Ambrosio N., Virto L., Diz P, Alvarez M.,
Herrera D., Sanz M., Figuero E. Detection and quantification of Aggregatibacter
actinomycetemcomutans, Porphyromonas gingivalis and Streptococcus oralis in blood samples with

different microbiological identification methods: an in vitro study. Archiwes of Oral Biology.

2017 Feb;74:55-62. doi: 10.1016/j.archoralbio.2016.11.007.

Estudio - Articulo #2: Ambrosio N., Marin M]J., Laguna E., Herrera D., Sanz M.,
Figuero E. Detection and quantification of Porphyromonas gingivalis and Aggregatibacter
actinomycetemcomutans in bacteremia induced by interdental brushing in periodontally
healthy and periodontitis patients. Archwes of Oral Biology. 2019 Feb;98:213-219. doi:
10.1016/j.archoralbio. 2018.11.025.

Estudio - Articulo #3: Marin M]J., Ambrosio N., Herrera D., Sanz M., Figuero E.
Validation of a multiplex qPCR assay for the identification and quantification of
Aggregatibacter actinomycetemcomutans and Porphyromonas gingivalis: In vitro and subgingival
plaque samples. Archwes of Oral Biology. 2018 Apr; 88:47-53. doi: 10.1016 / j.archoralbio.
2018.01.012.

Estudio - Articulo #4: Marin M]J., Ambrosio N., O'Connor A., Herrera D., Sanz M.,
Figuero E. Validation of a multiplex qPCR assay for detection and quantification of
Aggregatibacter  actinomycetemcomitans, Porphyromonas gingiwalis and  Tannerella forsythia in

subgingival plaque samples. A comparison with anaerobic culture. Archwes of Oral Biology.

2019 Jun;102:199-204. doi: 10.1016/j.archoralbi0.2019.04.014.
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ARTICULO #1:

“Deteccion y cuantificacion de Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis y Streptococcus oralis en muestras de sangre
con diferentes técnicas de identificacion microbiolégicas: un estudio in

vitro™

Objetivos: Comparar la capacidad de detectar y cuantificar A. actinomycetemcomutans, P.
gingwalis y S. oralis (solos o en combinacioén) en muestras de sangre con tres técnicas de
cultivo [cultivo anaerobio directo (CAD), hemocultivo BACTEC® vy lisis centrifugacion

(LC)] y un enfoque no dependiente del cultivo (qPCR) en un estudio m vitro.

Material y métodos: Las muestras de sangre de 12 voluntarios periodontalmente
sanos se contaminaron con tres concentraciones [10%,102? y 10! unidades formadoras de
colonias (UFC)/mL] de A. actinomycetemcomutans, P. gingwalis y S. oralis, solas o en
combinacién. Las muestras fueron analizadas por CAD, BACTEC®, LC y qPCR. Se
analizé la sensibilidad, especificidad, los valores predictivos, el indice kappa y los

coeficientes de correlacion de Lin.

Resultados: CAD, LC y gPCR detectaron las tres bacterias en todas las
concentraciones. Se observé una excelente concordancia (coeficiente de correlacion r:
0.92-1) entre los valores de CAD vy el estandar de referencia (sensibilidad de 93.33% a
100% vy especificidad de 88.89% a 100%). BACTEC® no pudo identificar P. gingivalis en
ninguno de los experimentos realizados. qPCR proporciond falsos negativos para S.

oralis.

Conclusiones: CAD mostr6 los mejores resultados para la identificacion vy
cuantificacion adecuadas de A. actinomycetemcomatans, P. gingiwalis y S. oralis, solos o en

combinacioén, en muestras de sangre.
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Background: Culture-based methods (culture broth bottles or lysis methods) have been the standard for
detecting bacteremia. More recently, quantitative polymerase chain reaction (qPCR) was proposed as a
more sensitive and specific test although none of them has been validated for the identification of
periodontal pathogens (fastidious growing bacteria) in blood samples.

Objective: To compare the ability to detect and quantify Aggregatibacter actinomycetemcomitans,

Keywords.: Porphyromonas gingivalis and Streptococcus oralis (alone or in combination) in blood samples with three
ngs:ﬁ:;ie PCR culture techniques [direct anaerobic culturing (DAC), haemo-culture (BACTEC), and lysis-centrifugation
Culture (LC)] and a non-culture dependent approach (qPCR) in an in vitro study.

Periodontal Material and methods: Blood samples from 12 periodontally healthy volunteers were contaminated with

three concentrations [10%10? and 10" colony forming units (CFU)/mL] of A. actinomycetemcomitans, P.
gingivalis and S. oralis, alone or in combination. Samples were analysed by DAC, BACTEC, LC and qPCR.
Sensitivity, specificity, predictive values, kappa index and Lin’s correlation coefficients were calculated.
Results: DAC, LC and qPCR were able to detect the three target species at all concentrations. An excellent
concordance (correlation coefficient r: 0.92-1) was observed between DAC and the reference standard
(sensitivity raging 93.33-100% and specificity 88.89-100%) values. BACTEC was not able to identify P.
gingivalis in any of the performed experiments. qPCR provided false negative results for S.oralis.
Conclusions: DAC showed the best results for the proper identification and quantification of A.
actinomycetemcomitans, P. gingivalis and S. oralis, alone or in combination, in blood samples.

© 2016 Elsevier Ltd. All rights reserved.

Aggregatibacter actinomycetemitans
Porphyromonas gingivalis

and microbial factors,” 1996) and has been described as the most
frequently isolated bacterium in positive blood cultures after
toothbrushing (Forner, Larsen, Kilian, & Holmstrup, 2006; Diz,

1. Introduction

Bacteremia has been defined as the transient, intermittent, or

continuous presence of viable bacteria in the bloodstream
(Carmona, Diz Dios, & Scully, 2002). Streptococcus oralis, is
considered as one of the initial colonizer of the subgingival
biofilm (“Consensus report. Periodontal diseases: pathogenesis

* Corresponding author at: Section of Periodontology, Faculty of Odontology,
University Complutense of Madrid, Plaza Ramén y Cajal, s/n (Ciudad Universitaria),
28040 Madrid, Spain.

E-mail address: elfiguer@ucm.es (E. Figuero).

http://dx.doi.org/10.1016/j.archoralbio.2016.11.007
0003-9969/© 2016 Elsevier Ltd. All rights reserved.
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Tobias, Scully, & Donos, 2012) flossing and scaling and root
planning (Crasta et al., 2009; Zhang, Daly, Mitchell, & Curtis, 2013).
Aggregatibacter actinomycetemcomitans and Porphyromonas gingi-
valis are considered specific pathogens associated with periodon-
titis(“Consensus report. Periodontal diseases: pathogenesis and
microbial factors,” 1996). They have been found in atherosclerotic
plaques, abdominal aortic aneurysms and heart valves (Figuero
et al.,, 2011; Gaetti-Jardim, Marcelino, Feitosa, Romito, & Avila-
Campos, 2009; Nakano et al., 2009; Zaremba, Gérska, Suwalski, &
Kowalski, 2007). Furthermore, these bacteria have been found,
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although in lower frequency than S. oralis, in blood samples after
toothbrushing (Lockhart et al., 2008), flossing (Crasta et al., 2009)
or scaling and root planing (Castillo et al., 2011). Therefore, these
three target bacteria might represent and adequate representation
of bacteremia in periodontitis patients.

However, these studies have reported very heterogeneous
results in terms of prevalence (15-90%) and it has been argued that
the use of different microbiological techniques may be, at least, in
part responsible of this variability (Reyes, Herrera, Kozarov, Rolda,
& Progulske-Fox, 2013; Tonetti, Van Dyke, & Working group 1 of the
joint EFP/AAP workshop, 2013).

In gingival crevicular samples, direct anaerobe culturing (DAC),
in which samples are directly cultivated in enriched medium agar
plates, is considered the gold-standard culture method the
detection and isolation of periodontal pathogens (Sanz, Lau,
Herrera, Morillo, & Silva, 2004). In blood samples the most broadly
used approaches are the standard hemoculture methods, using
culture broth bottle-based (Crasta et al., 2009; Daly, Mitchell,
Highfield, Grossberg, & Stewart, 2001; Kinane, Riggio, Walker,
MacKenzie, & Shearer, 2005; Lafaurie et al., 2007; Lockhart et al.,
2008; Maestre, Mateo, & Sanchez, 2008), lysis filtration (Forner
et al,, 2006) or lysis (Zhang et al., 2013). All these culture-based
approaches, however, require the proper bacterial growth con-
ditions, the need to identify species based on the colony and cell
morphology and suitable specific tests, and time for an appropriate
growth. To overcome some of these limitations, microbial
diagnosis based on polymerase chain reaction (PCR) has been
proposed for detecting bacterial pathogens in blood samples, as it
has been considered as a more sensitive and specific method when
compared to culture (Castillo et al., 2011; Kinane et al., 2005).

In spite of these bacteremia studies using different microbio-
logical methodologies, there is no published investigation aimed to
validate these microbial diagnostic techniques. It is, therefore, the
aim of this in vitro investigation to compare and validate different
microbiological methods (DAC, BACTEC, LC and gqPCR) in the
detection and quantification of A. actinomycetemcomitans, P.
gingivalis and S. oralis in blood samples. Specifically, it was aimed
to determine the diagnostic validity (sensibility, specificity and
predictive values), detection limits and the reproducibility of
tested microbiological diagnostic approaches.

2. Material and methods
2.1. Study design

This was an in vitro study consisting on twelve experiments
(n=12) where bacteremia was simulated by direct contamination
of blood with A. actinomycetemcomitans (n=3), P. gingivalis (n=3),
S. oralis (n=3), and all three bacterial species combined (n=3).

2.2. Patients

Samples were obtained from periodontally healthy volunteers
at the Faculty of Odontology, University Complutense, Madrid
(UCM). All subjects were informed about the aims of the study and
signed a consent form, previously approved by the local ethical
committee (Hospital Clinico San Carlos, Madrid, Spain). At a
screening visit, a full mouth periodontal examination by a trained
examiner (N.A.), for assessing the following inclusion criteria: (a)
less than three sites with probing pocket depth >3 mm or clinical
attachment loss >2 mm, (b) no radiographic evidence of bone loss,
and (c) full-mouth bleeding on probing <25%. Subjects were
excluded if they: (a) had received periodontal treatment in last
week, (b) had taken antibiotics in the previous month, or (c) were
infected with human immunodeficiency or hepatitis B viruses.
When fulfilling these criteria, subjects were invited to participate
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in the study and, one week later, peripheral blood samples were
drawn by venipuncture.

2.3. Blood samples

Prior to sampling the skin area of venipuncture was carefully
wiped with ethanol and an indwelling catheter was inserted in the
antecubital vein. Then peripheral blood samples were drawn and
placed in Isolator tubes®™ (Oxoid Limited, Basingstoke, Hants,
United Kingdom) with polypropylene glycol (8 mL/L), sodium
polyanetholsuphonate (15.3 g/L) and purified saponin (28 mg/mL)
for the lysis-centrifugation technique and in tubes with ethyl-
enediaminetetraacetic acid (EDTA) (Vacutainer™, Becton Dick-
inson, San Agustin de Guadalix, Madrid, Spain) for the remaining
techniques. A total volume of 72 mL was extracted from each
subject.

2.4. Bacterial strains and culture conditions

Reference strains were used to contaminate the blood samples:
A. actinomycetemcomitans strain DSMZ 8324, P. gingivalis strain
ATCC 33277 and S. oralis strain CECT 907T. BHI medium (Brain
Heart Infusion, Becton, Dickinson and Company, USA) was used for
bacterial growth under anaerobic conditions for 24-48 h (depend-
ing on the bacterial species) at 37 °C in order to reach exponential
growth phase. Thereafter, ten-fold serial dilutions of each
bacterium were performed in phosphate-buffered saline (PBS) to
achieve concentrations of approximately 104, 10% and 10' CFU/mL.
In order to confirm the exact concentration of the dilutions,
aliquots of 0.1 mL of PBS were plated manually onto non-selective
blood agar plate (Blood Agar Base IIn DOxoid, Basingstoke,
England), supplemented with haemine (5mg/L), menadione
(1 mg/L) and 5% sterile horse blood and incubated under anaerobic
conditions (80% N, 10% CO, and 10% H,) during 7-14 days. This
methodology, denominated as bacterial culturing (Sanz et al,,
2004), was considered as the reference diagnostic technique in the
present study.

2.5. Blood contamination

Blood samples were immediately transported to the Research
Laboratory of the Faculty of Odontology (UCM). Each sample
(72 mL) was equally divided into four tubes of 18 mL each one. For
each target bacteria (alone and in combination), each tube was
contaminated with one bacterial concentration (104, 10> and 10’
CFU/mL). In addition, a blood sample without contamination was
prepared. These concentrations were selected based on data
previously reported on bacteremia studies with average concen-
trations of 10" and 102 CFU/mL (Forner et al., 2006; Heimdahl et al.,
1990; Lucas et al., 2002), 1O4CFU/mL was used as a positive control,
and 0 CFU/mL as a negative control. The obtained blood samples
were analysed by four different microbiological technologies (DAC,
BACTEC, LC and gPCR) (Fig. 1).

2.6. Processing of the samples

Samples for analysis by DAC, LC and qPCR were immediately
processed in the Research Laboratory at UCM. Samples for analysis
by BACTEC®™ were sent to the Department of Microbiology of
Hospital Xeral CIES (Vigo, Pontevedra, Spain) for analysis within
24h.

2.6.1. Direct anaerobic culture (DAC)

For each sample 1 mL was plated on non-selective blood agar
medium (Blood Agar Base II*, Oxoid, Basingstoke, England),
supplemented with haemin (5 mg/L), menadione (1 mg/L) and 5%
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DAC: Direct anaerobic culture; LC: Lysis centrifugation; g-PCR: quantitative polymerase chain reaction;

Fig. 1. Schematic view of the steps in each assay (n=12).

DAC: Direct anaerobic culture; LC: Lysis centrifugation; q-PCR: quantitative polymerase chain reaction.

sterile horse blood, for determination of S. oralis and P. gingivalis.
The remaining milliliter was plated onto the selective medium
Dentaid-1 (Alsina, Olle, & Frias, 2001) at 37°C for isolation and
quantification of A. actinomycetemcomitans. In both cases, 5 plates
were plated with 100 pL each, and one plate with 500 L. During
the first 24h, plates with 500 wL were incubated upright.
Thereafter, all plates were inverted. Blood agar plates were
incubated at 37°C in jars with an anaerobic atmosphere
(80%N,, 10% CO, and 10% H,) for 7-14days of incubation.
Dentaid-1 plates were incubated in air with 5% CO, at 37°C for
3-5days.

2.6.2. BACTEC® blood culture

BACTEC" bottles were incubated and continuously monitored
over 14 days for the presence of microorganisms in BACTEC 9240%
(Becton, Dickinson and Company, Franklin Lakes, NJ, USA). A Gram
staining was performed on each positive blood culture. Bottles
signaling positive were subcultured on blood agar, chocolate agar
medium and Schaedler agar in an anaerobic atmosphere (80% N,
10% CO, and 10% H,). Isolated bacteria were identified using a
battery of biochemical tests (Vitek System, BioMérieux Inc.,
Hazelwood, MO, USA).

2.6.3. Lysis-centrifugation culture (LC)

After blood contamination, tubes were shaken, placed in a rack
for 20 min and centrifuged at 1500 rpm for 30 min. The superna-
tant was carefully removed and the pellet was vigorously mixed
(vortex) for 5-10s in order to achieve a homogenous emulsion.
Afterwards, plaques were plated in blood and Dentaid-1agar
plates, following the same procedure as described for DAC.

2.6.4. Quantitative PCR (qPCR)
DNA extraction. Bacterial DNA coming from 1mL of blood
samples was extracted by a specifically designed commercial kit

specifically (MolYsis Complete5. Molzym Gmbh& Co.KG. Bremen,
Germany) following manufacturer’s instructions. The final elution
of DNA was done in 100 pL of sterile water (PCR grade, Roche
Diagnostic, CITY, COUNTRY).

gPCR assay. The hydrolysis probes 5'nuclease assay PCR method
was used for detecting and quantifying the bacterial DNA. PCR
amplification was performed in a total reaction mixture volume of
20 L. The reaction mixtures contained 10 L of 2 x TagMan master
mixture, optimal concentrations of primers and probe (300, 300
and 100nM for A. actinomycetemcomitans; 300, 300 and 300 nM
for P. gingivalis; 300, 300 y 900 nM for S. oralis), and 5 p.L of DNA
from the samples. The no-template control (NTC) consisted on 5 L
of sterile water. Samples were subjected to an initial amplification
cycle of 95 °C for 10 min, followed by 45 cycles at 95 °C for 15 s and
60°C for 1 min in a thermocycler. Quantification cycle (Cq) values
were determined. Quantification was based on standard curves,
which were constructed by plotting Cq values generated from
qPCR against DNA extracted from serial 10-fold dilutions of
purified genomic DNA from each bacterium (log CFU/mL).

2.7. Statistical analysis

The detection limit was established at the lowest concentration
in which bacterial growth or presence of DNA was detected for
each bacterium.

The main outcome variables were CFU/mL for DAC, LC and qPCR,
and prevalence (presence/absence) for BACTEC. In the case of DAC,
LC and gPCR, quantitative results (CFU/mL) were also transformed
into prevalence data (presence/absence).

In order to evaluate the degree of agreement between each
diagnostic method (DAC, BACTEC®, LC and qPCR) and bacterial
culturing (Sanz et al., 2004), contingency tables were constructed,
and sensitivity, specificity, positive and negative predictive values
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Table 1
Primer and probe used for the qPCR amplifications.

Bacterial species

Sequence (5'-3)

A. actinomycetemcomitans (Boutaga, van Winkelhoff, Vandenbroucke-Grauls, & Savelkoul, 2005) F: GAA CCT TAC CTA CTC TTG ACA TCC GAA

P. gingivalis (Boutaga et al., 2003)

S. oralis (Sanchez et al., 2014)

R: TGC AGC ACC TGT CTC AAA GC
P: 6FAM-AGA ACT CAG AGA TGG GTT TGT GCC TTAGGG-TAMRA

T

: GCGCTCAACGTTCAGCC
R: CACGAATTCCGCCTGC
P: 6FAM CACTGAACTCAAGCCCGGCAGTTTCAA-TAMRA

!

: 5- CAA CGA TAC ATA GCC GAC CTG AG-3
5- TCC ATT GCC GAA GAT TCC-3
: 6FAM-CTC CTA CGGGAG GCA GCA GTA GGG A-BBQ-3

R

F: Forward primer, R: Reverse primer, P: Probe. qPCR: quantitative polymerase chain reaction. FAM: 6-carboxyfluorescein TAMRA: 6-carboxytetramethylrhodamine BBQ:

BlackBerry Quencher.
Primers and probe sequences targeted 16S ribosomal-RNA (rRNA) genes.

of each technique were determined, considering bacterial cultur-
ing as the reference method.

In order to determine the reproducibility of DAC, LC and qPCR,
when compared to bacterial culturing (concordance), the Passing-
Bablok estimation of regression line was determined. In this
regression line, two parameters were interpreted: (a) the constant
with its 95% confidence interval (A, 95% Cl), indicating constant
differences between methods, when it is statistically different
from 0; (b) The slope (B, 95% CI), indicating the existence of
proportional differences between methods, when it is significantly
different from 1. In addition, the Lin's Concordance correlation
coefficient of absolute agreement (r) was calculated. In the case of
BACTEC™ system, the global agreement and kappa values were
calculated.

These analyses were performed for each technique (DAC, LC,
BACTEC, qPCR), and considering: all samples together; only those
samples with the same bacteria; only samples with one bacteria
(mono-species); and, only samples with a mix of bacteria
(multispecies).

Results were considered statistically significant at p <0.05. A
software package (IBM SPSS Statistics 21.0; IBM Corporation,
Armonk, NY, USA) was used for all data analysis (Table 1).

3. Results
3.1. Descriptive results

Propionebacterium acnes and Coagulase-negative Staphylococ-
cus were detected with BACTEC® system. However, they were
considered contaminants from either the blood sampling proce-
dures or from laboratory procedures and were not considered in

data analyses.

Table 2

DAC, LC, qPCR detected P. gingivalis, A. actinomycetemcomitans
and S. oralis in blood samples while BACTEC® did not detect P.
gingivalis (alone or in combination with other bacteria) and A.
actinomycetemcomitans (in combination with other bacteria)
(Tables 2 and 3). All techniques, except BACTEC"™, were able to
detect the lowest concentration (10' CFU/mL) of the target
periodontal bacterial species.

None of the culture-based techniques (DAC, LC and BACTEC)
detected bacteria in negative controls while qPCR detected S. oralis
in six negative controls, and P. gingivalis and A. actinomycetemco-
mitans in one negative control.

3.2. Diagnostic validity

Table 4 depicts the validity of each tested method (sensitivity,
specificity, the predictive values) using the bacterial culture as the
reference standard. The highest sensitivity and specificity values
were obtained with CDA and LC (from 86.67% for P. gingivalis to
100% for A. actinomycetemcomitans, S. oralis and multi-species
group). qPCR had high sensitivity values (73.33% for P. gingivalis to
100% for S. oralis) and low specificity values (50% for mono-species)
becoming to 0% for S. oralis. The BACTEC® system had the lowest
sensitivity values (47.06% for A. actinomycetemcomitans and 0% for
P. gingivalis), while the specificity was the highest for both bacterial
species (100%), mono-species group (100%) and 85.71% for S. oralis.

3.3. Concordance

CDA and LC reported lower concentration values (CFU/mL) of P.
gingivalis, A. actinomycetemcomitans and S. oralis than the gold
standard (Tables 2 and 3). For all bacterial groups, statistically
significant differences (constant and proportional) were found

Data of concentration (CFU/mL) and/or presence of identified bacteria in blood samples contaminated with bacteria individually (mono-species) by each of the four

microbiological techniques.

LC qPCR BACTEC

CFU/mL [mean(SD)]

CFU/mL [mean(SD)]

Identified bacteria

Bacteria n Technique
Reference DAC
CFU/mL [mean(SD)] CFU/mL [mean(SD)]
A. actinomycetemcomitans 3 1.3 x10%(3.1 x10%) 4.8 x 10%(1.7 x 10%)
3 1.7 x 10%(9.1 x 10") 1.1 x10%(1.0 x 10")
3 2.0 x 10'(0) 1.1 x10'(3.2 x 10°)
P. gingivalis 3 3.7 x 103(1.3 x 10%) 9.5 x10%(1.3 x 10°)
3 2.7 x10'(2.9 x 10") 1.5 x 10%(2.4 x 10?)
3 0(0) 33x107(5.8x10°1)
S. oralis 3 1.5 x 10%(8.3 x 10%) 2.2 x10%(1.4 x 10%)
3 2.5 x10%(2.7 x 10?) 7.9 x 10'(5.6 x 10")
3 1.1 x10'(1.1 x10°) 9.0 x 10°(1.4 x 10")

1.8 x 10%(1.8 x 10%)
2.9 x10'(3.2 x 10%)
3.5 x10°%4.6 x10°1)

7.4 x 10%(6.5 x 10?)
1.1 x10'(1.9 x 10")
6.7 x 1071(1.2 x 10%)

1.9 x 103(1.0 x 10%)
5.8 x 10'(4.0 x 10")
8.9 % 10%(9.8 x 10°)

4.1 x10%(4.4 x 10%)
8.2 x 10'(1.1 x10?)
9.3 x 10%(1.5 x 10")

2.5 x10%(9.7 x 10%)
4.3 x 10%(2.6 x 10%)
4.5 x10%(7.8 x 10")

7.4 x 10%(1.1 x10°)
2.8 x 10%(4.5 x 10%)
3.0 x 103(5.2 x 10%)

A.actinomycetemcomitans
A.actinomycetemcomitans
A.actinomycetemcomitans

S. aureus
S. aureus
P. acnes

S.oralis
S.oralis
S.oralis

DAC: Direct anaerobic culture; LC: Lysis centrifugation; qPCR: quantitative polymerase chain reaction; SD: Standard deviation; CFU: colony forming unit.



Table 3

M.J. Marin et al./Archives of Oral Biology 74 (2017) 55-62

59

Data of concentration (CFU/mL) and/or presence of identified bacteria in blood samples contaminated with three combined bacteria (multi-species) by each of the four

microbiological techniques.

Bacteria

Technique
Reference DAC LC qPCR BACTEC
CFU/mL[mean(SD)] CFU/mL[mean(SD)] CFU/mL[mean(SD)] CFU/ml[mean(SD)] Identified bacteria

A. actinomycetemcomitans

P. gingivalis

S. oralis

3
3

1.3 x 10%(3.0 x 10%)
2.3 x 10%(1.5 x 10?)
1.7 x 10'(5.8 x 10%)

2.2 x 10%2.5 x 10%)
2.8 x 10%(2.6 x 10")
1.5 x 10'(4.6 x 10°)

5.2 x 103(2.8 x 10%)
3.9 x 10'(3.7 x 10")
6.7 x 10°(5.8 x 10°)

6.9 x 103(3.4 x 10%)
1.4 x 10%(8.1 x10")
1.5 x10'(7.2 x 10°)

2.4 x10%(3.3 x 10%)
7.4 x10'(3.1 x10")
8.0 x 10%(1.0 x 10°)

3.5 x 10%(3.5 x 10?)
1.0 x 10'(8.6 x 10°)
1.7 x 10°(2.1 x10%)

2.5 x10%(5.8 x 10%)
5.2 x10'(1.5 x 10")
4.7 x10°(3.1 x10°)

1.1 x10%(1.1 x 10?)
2.5 x10'(1.3 x 10")
3.2x10%8.0x1071)

1.2 x 10°(2.0 x 10°)
8.5 x10%(1.3 x 10%)
50x1071(8.6 x107")

3.7 x 10%(5.4 x 10%)
3.5 x10%(5.9 x 10%)
0

6.9 x 10%(6.3 x 10%) 1.5 x 10%(2.3 x 10°) S. oralis
2.1 x10%(2.1 x10") 2.2 x 10%(2.8 x 10%) S. oralis
1.5 x 10°(1. 5 x 10%) 2.5 x10'(3.5 x 10") S. oralis

DAC: Direct anaerobic culture; LC: Lysis centrifugation; qPCR: quantitative polymerase chain reaction; SD, Standard deviation; CFU: colony forming unit.

when compared with the reference method, although the
concordance was high for all bacterial groups studied (Table 5).

Quantitative PCR reported higher concentration values (CFU/
ml) for S. oralis than the reference method (Tables 2 & 3) and
demonstrated statistically significant differences with the refer-
ence method (A =1.85). No statistically significant differences were
found between gqPCR and the reference method for A. actino-
mycetemcomitans, P. gingivalis or the combination (Table 5).

The BACTEC®™ system showed low concordance values for all
bacteria except for S. oralis (kappa=0.89) (Table 6).

4. Discussion

The present in vitro investigation was designed to compare four
microbiological techniques, three of them previously used in
bacteremia studies, targeting P. gingivalis, A. actinomycetemcomi-
tans and/or S. oralis in blood samples. Results revealed that: (1)
conventional BACTEC® haemoculture was not able to identify P.
gingivalis (alone or in combination), or A. actinomycetemcomitans
(in combination with P. gingivalis and S.oralis); (2) the use of DAC

reported the best results in terms of concordance, sensibility and
specificity; and (3) DAC, LC and qPCR were able to detect all
bacteria, even at the lowest concentrations, (10! CFU/mL).
However, due to the contamination associated to qPCR, a well-
known limitation of this technique (Sanz et al, 2004), it is
recommended to establish the detection limit for this technique in
future investigations at 10 CFU/mL for P. gingivalis (although false
negative results only occurred one out of six times) and 10* CFU/
mL for S. oralis.

According to our knowledge, this is the first in vitro study
comparing four different diagnostic methods (DAC, BACTEC, LC or
qPCR), with bacterial culturing as reference (Sanz et al., 2004), for
detecting artificially simulated bacteremia with P. gingivalis, A.
actinomycetemcomitans and S. oralis, alone or in combination.
Previous publications have only compared two microbiological
methods in in vivo studies (Bahrani-Mougeot et al., 2008; Castillo
et al,, 2011; Hutchinson, Thomas, & Shanson, 1992; Kinane et al.,
2005; Lockhart et al., 2008; Lucas et al., 2002; Morozumi et al.,
2010; Reyes et al., 2013).

Table 4
Diagnostic validity indicators of each of the four microbiological techniques (including sensitivity, specificity and predictive values) for the bacteremia diagnosis.

Technique Bacterial species n Prevalence Sensitivity Specificity PPV NPV

DAC Overall 71 69.01 97.96 95.46 97.96 95.46
A. actinomycetemcomitans 23 73.91 100.00 100.00 100.00 100.00
P. gingivalis 24 62.50 93.33 88.89 93.33 88.89
S. oralis 24 70.83 100.00 100.00 100.00 100.00
Monos-species 35 65.71 95.65 91.67 95.65 91.67
Multi-species 36 72.22 100.00 100.00 100.00 100.00

LC Overall 71 69.01 95.92 95.46 97.92 91.30
A. actinomyctemcomitans 23 73.91 100.00 100.00 100.00 100.00
P. gingivalis 24 62.50 86.67 88.89 92.86 80.00
S. oralis 24 70.83 100.00 100.00 100.00 100.00
Mono-species 35 65.71 91.30 91.67 95.46 84.62
Multi-species 36 72.22 100.00 100.00 100.00 100.00

qPCR Overall 71 69.01 87.76 54.55 80.77 63.16
A. actinomycetemcomitans 23 73.91 82.35 83.33 93.33 62.50
P. gingivalis 24 62.50 73.33 7778 84.62 63.64
S. oralis 24 70.83 100.00 0.00 70.83 0.00
Mono-species 35 65.71 95.65 50.00 78.57 85.71
Multi-species 36 72.22 76.92 60.00 83.33 50.00

BACTEC Overall 70 68.57 50.00 95.46 96.00 46.67
A. actinomycetemcomitans 23 73.91 47.06 100.00 100.00 40.00
P. gingivalis 24 62.50 0.00 100.00 0.00 37.50
S. oralis 23 69.57 100.00 85.71 94.12 100.00
Mono-species 34 64.71 72.73 100.00 100.00 66.67
Multi-species 36 72.22 30.77 90.00 88.89 33.33

DAC: Direct anaerobic culture; LC: Lysis centrifugation; qPCR: quantitative polymerase chain reaction; PPV: Positive Predictive value; NPV: Negative Predictive value.
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Diagnostic concordance for DAC, LC and qPCR with the reference standard providing by Passing-Bablok regression intercept (A), slope (B), 95% confidence intervals (CI) and

correlation coefficient (r).

Technique Bacteria n A 95% CI B 95% ClI r
DAC Overall 71 -0.27 -0.43 -0.17 0.93 0.89 0.96 0.95
A. actinomycetemcomitans 23 -0.17 -0.13 -0.10 0.96 0.93 0.98 1.00
P. gingivalis 24 -0.43 -0.21 -0.15 0.89 0.81 0.95 0.89
S. oralis 24 —0.44 -0.77 -0.36 0.89 0.80 0.95 0.96
Mono-species 35 -0.27 -0.27 -0.14 0.93 0.88 0.96 0.92
Multi-species 36 -0.29 -0.43 -0.18 0.93 0.88 0.96 0.98
LC Overall 71 -0.42 -0.51 —-0.35 0.90 0.87 091 0.89
A. actinomycetemcomitans 23 -0.37 —0.46 —0.44 0.91 0.88 0.93 0.98
P. gingivalis 24 —0.60 -112 -0.39 0.85 0.72 0.93 0.74
S. oralis 24 -0.42 -0.47 -0.34 0.90 0.85 0.92 0.97
Mono-species 35 -0.37 —-0.50 —-0.35 0.91 0.88 0.93 0.84
Multi-species 36 —0.49 —-0.61 —-0.40 0.88 0.84 091 0.95
qPCR Overall 71 0.01 0.23 0.42 1.00 091 113 0.64
A. actinomycetemcomitans 23 -0.23 -1.73 0.01 111 1.00 171 0.79
P. gingivalis 24 —0.02 -0.14 0.69 1.00 0.89 131 0.65
S. oralis 24 185 132 197 0.60 035 0.92 0.44
Mono-species 35 0.25 0.16 1.44 0.95 0.56 1.04 0.67
Multi-species 36 0.28 -0.83 0.02 111 0.92 1.55 0.62

DAC: Direct anaerobic culture; LC: Lysis centrifugation; qPCR: quantitative polymerase

The most commonly used diagnostic method to identify
periodontal pathogens in peripheral blood has been automated
blood culture systems (such as BACTEC® system) (Crasta et al.,
2009; Daly et al., 2001; Kinane et al., 2005; Lafaurie et al., 2007;
Lockhart et al., 2008; Maestre et al., 2008; Messini et al., 1999;
Reyes et al., 2013; Tomas et al., 2007; Waghmare, Vhanmane,
Savitha, Chawla, & Bagde, 2013) and it has been considered the
standard reference in medical bacteremia research (Kinane et al.,
2005). However, the results of the present investigation demon-
strated that BACTEC™ system was not able to detect key
periodontal pathogens, such as P. gingivalis or A. actinomycetem-
comitans, in blood samples. The presence of false negatives in the
results be linked to the inherent difficulties in the cultivation of
some specific fastidious bacterial species such as P. gingivalis and A.
actinomycetemcomitans, which require specific culture media and
specific conditions for growth (Alsina et al., 2001; Gibbons and
Macdonald, 1960; Shah, Bonnett, Mateen, & Williams, 1979). In
fact, both bacterial species have not yielded a positive identifica-
tion, except in the case of P. gingivalis, when using Brucella agar
enriched with haemin-menadione (Lafaurie et al., 2007), and A.
actinomycetemcomitans after using vancomycin in blood agar
plates (Crasta et al., 2009; Lockhart et al., 2008). It also needs to be
highlighted that BACTEC® system does not enable to quantify
levels of bacteremia as it requires the use of a liquid enriched
medium that oversize the presence of pathogens in peripheral
blood (Lucas et al., 2002).

Denta-1, sensitivity, specificity and concordance values for
qPCR were lower than those of DAC and LC. In addition, an
overestimation in bacterial quantification was observed when
comparing qPCR with the standard reference (Tables 2 and 3). This

chain reaction.

might be due to the selection of bacterial culturing as reference
diagnostic technique, which is only capable of detecting viable
bacteria, while qPCR does not discriminate between alive and dead
bacteria.

Lysis centrifugation has been considered as the most sensitive
quantitative culture technique for the recovery of bacteria in the
blood stream (Lockhart et al, 2008; Zhang et al., 2013).
Additionally, it was shown to be more sensitive than other
blood-culturing techniques, including broth cultures, in detecting
bacteremia in small quantities (Henry, Grewell, Van Grevenhof,
IIstrup, & Washington, 1984; Henry, McLimans, Wright, Thompson,
Wilson, & Washington, 1983), which is in agreement with the
results of the present study. In contrast to LC, DAC technique has
never been used (to the best of our knowledge) before in
bacteremia investigations. The present study has demonstrated
its ability to detect and quantify P. gingivalis, A. actinomycetemco-
mitans and S. oralis in blood samples. The reported results showed
that both LC and DAC attained the best results in terms of
sensitivity, specificity and concordance with the reference
standard, although some underestimation in the bacterial quanti-
fication was observed, especially in the case of LC.

We are conscious that differences in blood volume used for each
technique (based on those recommended for each one) could affect
to use of sensitivity, specificity, but in spite of this, DAC achieved
the best results in terms of sensitivity and specificity using only a
volume of 2 mL of blood. DAC has different additional advantages: a
reduced time of processing, a simpler sample processing (since it
only requires the direct cultivation of samples on an adequate agar
medium) and the relatively lower cost, compared to LC. These
considerations might lead to consider DAC as the most appropriate

Table 6

Diagnostic concordance for BACTEC system with the standard reference.
Bacteria Global agreement Kappa index 95% CI P value
Overall 64.29% 0.35 0.19 0.00 0.52
A. actinomycetemcomitans 60.87% 0.32 0.06 0.04 0.57
P. gingivalis 37.50% 0.00 0.00 . 0.00
S. oralis 95.65% 0.89 0.69 0.00 11
Mono-species 82.35% 0.65 0.42 0.00 0.89
Multi-species 47.22% 0.14 -0.05 0.20 0.32

2 Out of range; Cl: Confidence Interval.
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technique for bacteremia analysis. Moreover, DAC is considered as
the reference standard in the microbiological analysis of plaque
samples in GCF (Sanz et al., 2004), and therefore, both oral and
blood samples could be processed with the same technology
within the same patient.

Culture dependent techniques, however have important dis-
advantages, as the need of experienced personnel, relatively time-
consuming, and the difficulty of detecting slow growing or very
fastidious oral bacterial species. Some of these drawbacks can be
overcome by molecular techniques, such as qPCR that allows the
analysis of large number of samples in short periods of time and it
has demonstrated high sensitivity in detecting periodontal
pathogens, such as P. gingivalis, A. actinomycetemcomitans and
Tannerella forsythia (Boutaga, van Winkelhoff, Vandenbroucke-
Grauls, & Savelkoul, 2003; Lau, Sanz, Herrera, Morillo, Martin, &
Silva, 2004; Morillo et al., 2004). The results from this study also
showed the ability of qPCR to identify the target species in blood
samples, although its sensitivity, specificity and concordance
values were lower in comparison with DAC and LC. In addition,
with qPCR higher bacterial counts were obtained when compared
to the standard of reference (Tables 2 and 3), what may be
interpreted to the capability of qPCR to detect both alive and dead
bacteria, while culture based tests are only capable of detecting
viable bacteria.

In conclusion, the results from this investigation have shown
that DAC seems to be the most adequate microbiological method to
detect and quantify A. actinomycetemcomitans, P. gingivalis and S.
oralis in blood samples. This study also clearly shows that the
conventional BACTEC® haemoculture technique is not an adequate
method for identifying periodontal pathogens in bacteremia
studies. These conclusions, however, must be interpreted with
caution in light of the in vitro nature of this investigation, what
makes uncertain its extrapolation onto the clinical or in vivo
conditions. Furthermore, it is yet unknown whether bacteremia is
the result of bacterial invasion as mono or multi-species.
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“Deteccion y cuantificacion de Porphyromonas gingivalis y Aggregatibacter
actinomycetemcomitans en bacteriemias inducidas tras cepillado

interdental en pacientes periodontalmente sanos y con periodontitis™

Objetivo: Lste estudio tuvo como objetivo comparar la presencia y las cantidades de
bacteriemia inducida por el cepillado interdental en individuos periodontalmente sanos
(H) y con periodontitis (P) utilizando técnicas basadas en cultivo [cultivo anaerobio
directo (CAD)] y molecular [reaccién en cadena de la polimerasa cuantitativa en tiempo

real (QPCR)] en un modelo de estudio transversal.

Material y métodos: Después de una evaluacion periodontal de boca completa, se
tomaron muestras de sangre antes y 1 minuto después del cepillado interdental aplicado
profesionalmente. Estas muestras fueron analizadas por CAD y qPCR, dirigidas a la
deteccion de P. gingwalis y A. actinomycetemcomutans. 'También se recogieron y analizaron
muestras subgingivales. Se utilizaron las pruebas T de Student, Chi-cuadrado y las

correlaciones para analizar los datos.

Resultados: Se incluyeron 30 individuos por grupo. P gimgwals y A
actinomycetemcomutans se detectaron con la técnica de qPCR, pero no con CAD. Al inicio
del estudio, se observo bacteriemia en 5 pacientes con P (16.7%) y en 2 individuos H
(6.6%) (p = 0.421). Después del cepillado interdental, la bacteriemia s6lo se observo en 2
pacientes con P (6.6%) (p = 0.901). Se observé una correlacion positiva entre los niveles

subgingivales y sanguineos de 4. actinomycetemcomutans (r = 0.3; p = 0.013).

Conclusion: La bacteriemia relacionada con 4. actinomycetemcomitans y P. gingwalis no

aumento significativamente después de una sola sesion de uso de cepillos interdentales.
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ARTICLE INFO ABSTRACT

Keywords: Objective: This study was aimed to compare the presence and amounts of bacteremia induced by interdental
Bacteremia brushing in periodontally healthy (H) and periodontitis (P) individuals using culture based (direct culture [DC])
Periodontitis and molecular based techniques (real-time quantitative polymerase chain reaction [qQPCR]) in a cross-sectional
Interdental brush study model.

Porphyromonas gingivalis

Materials and methods: After a full mouth periodontal evaluation, blood samples were taken before and 1 min
after professionally-administered interdental brushing. These samples were analyzed by DC and qPCR, targeting
Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans. Subgingival samples were also collected and
analyzed. Student t-test, chi-squar tests and correlations were used for analyzing the data.

Results: Thirty individuals per group were included. P. gingivalis and A. actinomycetemcomitans were detected
with gPCR methods, but not with DC. At baseline, bacteremia was observed in 5P patients (16.7%) and in 2 H
individuals (6.6%) (p = 0.421). After interdental brushing, bacteremia was only observed in 2 P patients (6.6%)
(p = 0.901). A positive correlation between subgingival and blood levels of A. actinomycetemcomitans was ob-
served (r = 0.3; p = 0.013).

Conclusion: Bacteremia related to A. actinomycetemcomitans and P. gingivalis did not significantly increase after a
single session of use of interdental brushes.

Aggregatibacter actinomycetemcomitans

viable bacteria in the bloodstream (Carmona, Diz Dios, & Scully, 2002).
In periodontitis the pathogenic subgingival microbiota is located in

1. Introduction

Periodontitis is characterized by loss of periodontal tissue support
(clinical attachment loss) due to inflammation (Papapanou et al.,
2018). The presence of subgingival biofilm has been described as its
primary etiological factor (Genco, Korman, & Williams, 1996; Sanz, van
Winkelhoff, Working Group 1 of Seventh European Workshop on, & P.,
2011), being Aggregatibacter actinomycetemcomitans and Porphyromonas
gingivalis key pathogens leading to dysbiosis through altering the bal-
ance with the host homeostasis and leading to disease (Hajishengallis,
Darveau, & Curtis, 2012; Sanz et al., 2017).

Bacteremia has been defined as the transit or continuous presence of

intimate contact with the ulcerated epithelium of periodontal pockets
(Marsh, 2005). This makes plausible the translocation of pathogenic
bacteria to the bloodstream (Parahitiyawa, Jin, Leung, Yam, &
Samaranayake, 2009). Chronic low-level bacteremia has been sug-
gested as a direct mechanism to explain the proven associations be-
tween periodontitis and cardiovascular diseases (Tonetti et al., 2007) or
adverse pregnancy outcomes (Sanz, Kornman, Working group 3 of joint,
& E. F. P. A. A. P. w., 2013). Several studies have demonstrated the
presence of P. gingivalis or A. actinomycetemcomitans in atherosclerotic
plaques, aneurysms of the abdominal aorta and heart valves (Calandrini

Abbreviations: BOP, bleeding on probing; CFU/mL, colony forming units/mL; DC, direct culture; H, periodontally healthy individuals; P, periodontitis individuals;
PD, probing depth; PlI, plaque index; qPCR, real-time quantitative polymerase chain reaction; REC, recession; SD, standard deviation
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et al., 2014; Figuero et al., 2011, 2014; Mahendra, Mahendra, Felix, &
Romanos, 2013). In addition, in vitro studies have shown that P. gingi-
valis can induce through bacteremia coronary aortic atherosclerotic
lesions in normocholesterolemic pigs (Brodala et al., 2005).

The incidence of bacteremia has been associated with every-day
activities (Ratto-Tespestini et al., 2016), oral hygiene procedures [tooth
brushing (Forner, Larsen, Kilian, & Holmstrup, 2006; Kinane, Riggio,
Walker, MacKenzie, & Shearer, 2005; Lockhart et al., 2008) or inter-
dental cleaning (Crasta et al., 2009)] and periodontal interventions,
such as periodontal probing (Daly, Mitchell, Highfield, Grossberg, &
Stewart, 2001), scaling and root planing (Castillo et al., 2011; Kinane
et al.,, 2005; Zhang, Daly, Mitchell, & Curtis, 2013), or periodontal
surgery (Lineberger & De Marco, 1973; Pineiro et al., 2010). There is,
however, a wide variability on reported prevalence (0 to 80%), which
might be explained by differences in the microbiological techniques
(Marin et al., 2017) or by differences in the periodontal condition of the
included individuals (Tomas, Diz, Tobias, Scully, & Donos, 2012). In a
recent study from our research group, four different techniques were
utilized to evaluate blood samples and the bacteremia outcome was
compared demonstrating that direct culture (DC) and real time quan-
titative polymerase chain reaction (QPCR) were the best strategies to
study bacteremia (Marin et al., 2017). Furthermore, it has been de-
monstrated that gingival inflammation increase the prevalence of cu-
mulative exposure to bacteremia after tooth brushing (Tomas et al.,
2012), suggesting a different risk of bacteremia in patients with dif-
ferent periodontal diagnoses.

It was, therefore, the aim of this study to compare the presence and
amounts of A. actinomycetemcomitans and P. gingivalis in blood samples
after interdental brushing procedures in individuals with periodontitis
(P) and in those being periodontally healthy (H) using a culture-based
technique (DC) and a molecular based approach (qQPCR). As secondary
outcome, the correlation between the microbiological counts identified
in the subgingival and blood samples were studied.

2. Material and methods
2.1. Study design

This was a cross-sectional study model, whose protocol was ap-
proved by the ethical committee at the Hospital Clinico San Carlos,
Madrid (Spain). The study procedures were carried out according to the
Declaration of Helsinki, the Universal Declaration of UNESCO and the
Council of Europe Convention.

2.2. Study population

Individuals were consecutively selected among those attending the
dental clinics at the Faculty of Dentistry in the University Complutense
of Madrid (UCM), Spain. The screening period lasted from January
2013 to July 2015.

Individuals older than 30 years old and with at least 3 teeth per
quadrant were included and divided into two different groups.
Periodontitis group consisted on individuals with a diagnosis of peri-
odontitis [probing depth (PD) greater than 5 mm and bone loss greater
than 30% in at least 50% of the teeth] (Tonetti et al., 2007). Period-
ontally healthy individuals were those presenting bleeding on probing
(BOP) in less than 25% of the sites, and no loss of periodontal attach-
ment. Individuals that have received periodontal treatment in the last
year or systemic antibiotics within the previous 3 months or chronic
intake of anti-inflammatory drugs were excluded. Pregnant or lactating
females, individuals who smoked more than 10 cigarettes per day, had
congenital or acquired immune deficiencies or any other relevant sys-
temic disease (hematological disorders, congenital or acquired heart
defects, diabetes) or having suffered previous problems with veni-
puncture were also excluded.
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2.3. Study visits

2.3.1. Screening visit

Those individuals fulfilling the inclusion and exclusion criteria were
asked to participate in this study and once they were explained on the
detailed characteristics and needed study visits, they were enrolled if
they agreed to participate by signing the approved informed consent
form.

2.3.2. Baseline visit

A full mouth periodontal examination was performed by the same
trained examiner (ELV) using a CPC 12 periodontal probe (Hu-Friedy
Europe, Rotterdam, The Netherlands). The following outcome variables
were assessed at six sites per tooth, excluding 3 molars: (1) PD and
recession (REC) in millimeters; (2) Plaque index (PII) as presence/ab-
sence visually or detected by probe (Ainamo & Bay, 1975) and (3) BOP,
as presence/absence 30 s after probing (Ainamo & Bay, 1975). All pa-
tients received an orthopantomography to evaluate bone loss.

2.3.3. Intervention visit

The intervention visit was carried out one week after the baseline
visit. All individuals were asked to avoid any oral hygiene procedure
before the venipuncture and to avoid eating solid foods during the meal
prior to this appointment.

Blood samples were taken throughout venipuncture prior and 1 min
after the interdental brushing. Interdental cleaning was performed
using an interdental brush (Interprox®, Dentaid, Cerdanyola, Spain),
with the most appropriate size for each interdental space, always by the
same trained investigator (NAE). This procedure was carried out for a
total time of 2min in all interdental spaces distal to the canines.
Immediately after the venipuncture, subgingival samples were taken.

2.4. Blood samples

After skin disinfection with alcohol, an intravenous catheter was
inserted into the antecubital fossa or on the dorsum of the arm using a
conventional technique (VacutainerTM, Becton, Dickinson and
Company, Franklin Lakes, NJ, USA) according to the recommendations
of the Spanish Society of Infectious Diseases and Clinical Microbiology
(Loza Fernandez, Planes, & Rodriguez, 2003). For each patient, per-
ipheral venous blood samples were collected in EDTA tubes (Vacu-
tainer®, Becton, Dickinson and Company, Franklin Lakes, NJ, USA)
before and 1 min after the session of interdental tooth brushing. The
final blood volume sample extracted each time was 4 mL, which was
divided in half to be processed either by DC or by qPCR.

2.5. Subgingival samples

Samples were taken using two consecutive sterile medium paper
points (#30, Maillefer, Ballaigues, Switzerland) in each site. Before
sampling, cotton rolls and compressed air was applied in each site in
order to avoid contamination. Paper points were kept in place for 10's
and after were introduced into a vial containing 1.5mL of reduced
transport fluid (RTF) (Mombelli, Schmid, Rutar, & Lang, 2002). In P
group, from each quadrant, the most accessible site with the deepest PD
and BOP was selected. In H individuals a standard site was chosen, from
the mesio-buccal site of the first molars, if absent, from the adjacent
second molar (when absent next choice would be the second premolar).

2.6. Sample analyses

Blood and subgingival samples were immediately sent to the
Research Laboratory of the Faculty of Dentistry (UCM), where they
were processed by DC and qPCR techniques. Samples for DC were im-
mediately analyzed and those for qPCR were processed for bacterial
DNA extraction and stored at -20 °C until being processed.
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Blood samples were processed according to a validated metho-
dology previously described (Marin et al., 2017, 2016). Briefly, in DC
analyses, blood samples (aliquots of 0.1 mL and 0.5mL) were plated
onto non-selective blood agar (Blood Agar Base II®, Oxoid, Basingstoke,
England), supplemented with hemin (5 mg/L), menadione (1 mg/L) and
5% sterile horse blood and onto a selective medium Dentaid-1 (Alsina,
Olle, & Frias, 2001) plates. Non-selective blood agar plates were in-
cubated for 7-14 days of anaerobic incubation (80% N, 10% CO, and
10% H,). From these plates, bacterial identification was based on Gram
stain and cellular morphology, aerotolerance, catalase production and
was confirmed by the use of standard biochemical tests (RapID ™ ANA II
System, Remel, Lenexa, KS, USA). According selective medium Dentaid-
1 for the detection of A. actinomycetemcomitans were incubated for 3
days in air with 5% CO, at 37 °C. The identification was based on the
typical morphology of its colony (internal star structure), its positive
catalase reaction and the use of a series of specific enzymes (RapID ™
NH System, Remel, Lenexa, KS, USA).

For quantitative qPCR, bacterial DNA was extracted using a com-
mercial kit specifically designed to extract bacterial DNA in blood
samples (MolYsis Complete5. Molzym Gmbh & Co.KG. Bremen,
Germany) following manufacturer’s instructions. The sequence of the
primers and probes used for P. gingivalis and A. actinomycetemcomitans
have been previously reported (Boutaga, van Winkelhoff,
Vandenbroucke-Grauls, & Savelkoul, 2005; Boutaga, van Winkelhoff,
Vandenbroucke-Grauls, & Savelkoul, 2003) (Table 1). The hydrolysis
probes 5nuclease assay PCR method was used for detecting and
quantifying the bacterial DNA. PCR amplification was performed in a
total reaction mixture volume of 20 pL. Samples were subjected to an
initial amplification cycle of 95 °C for 10 min, followed by 45 cycles at
95 °C for 15 s and 60 °C for 1 min in a thermocycler. Quantification was
based on standard curves, which were constructed by plotting Cq values
generated from qPCR against DNA extracted from serial 10-fold dilu-
tions of purified genomic DNA from each bacterium (log CFU/mL).
Each sample was analyzed in duplicate and in two independent qPCR
assays performed in different days. Detection limit were defined by the
quantification cycle values (Cq) obtained from four NTCs (No Template
Control) included in each plate, which monitor contamination and
primer-dimer formation that could produce false positive results (Marin
et al., 2017). These thresholds correspond to around 10! CFU/mL (Cq:
37).

Subgingival samples were analyzed by DC. The methodology used
was previously described in (Oteo et al., 2010). Briefly, samples were
vortex and 100 pL were diluted in 900 uL of phosphate buffer saline
(PBS), serially diluted (1:10) and aliquots of 0.1 mL were then plated on
non-selective blood agar and Dentaid-1 plates and the same steps as
those described for blood samples were followed.

2.7. Statistical analysis

Sample size calculation could not be performed due to high varia-
bility in the frequency of bacteremia previously reported after oral
hygiene or other physiologic maneuvers (between 0-45% for healthy

Table 1
Primer and probe used for the real-time quantitative polymerase chain reaction
amplifications.

Bacterial species Sequence (5-3")

F: GAA CCT TAC CTA CTC TTG ACA TCC GAA
R: TGC AGC ACC TGT CTC AAA GC

P: 6FAM-AGA ACT CAG AGA TGG GTT TGT GCC
TTAGGG-TAMRA

F: GCG CTC AAC GTT CAGC

R: CAC GAA TTC CGC CTGC

P: 6FAM-CAC TGA ACT CAA GCC CGG CAG TTT
CAA-TAMRA

A. actinomycetemcomitans

P. gingivalis
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and 3.3-41% for periodontitis individuals). A convenience sample of 30
individuals per group was, therefore, selected based on previous bac-
teremia studies (Crasta et al., 2009; Forner et al., 2006; Hartzell, Torres,
Kim, & Wortmann, 2005; Kinane et al., 2005; Zhang et al., 2013).

The primary outcome variable was the presence/absence of bac-
teremia after interdental brushing. Secondary outcome variables in-
cluded all other microbiological variables: total anaerobic counts, fre-
quency of detection of target pathogens, counts of each studied
pathogen and proportions of flora of each pathogen and clinical vari-
ables (PD, BOP, REC, PII).

A subject-level analysis was performed for each study parameter.
Data were expressed by means and standard deviation (SD), prevalence
and proportions (%) for all variables. After evaluating the normality of
the distribution (assessed by the Kolmogorov-Smirnov test), both
groups (P and H) were compared by Student’s T-test in case of quan-
titative variables and chi-square tests in case of categorical variables.
Correlation analysis between subgingival samples and blood samples
was performed by Pearson correlation test.

The level of statistical significance was set at p < 0.05. A statistical
software package IBM®SPSS Statistics 21.0 (IBM Corporation, Armonk,
NY, USA) was used for the data analysis.

3. Results
3.1. Sample description

From a total of 367 screened individuals, 292 did not meet the in-
clusion criteria and 15 refused to participate. Finally, 60 individuals
were recruited to participate in the study, 30 in each group (P and H).
Data from this sample population is depicted in Table 2.

3.2. Periodontal outcome variables

Data from clinical outcome variables is depicted in Table 3. PII, PD,
BOP, REC and bone loss were significantly higher in P patients
(p < 0.001). Probing depths were 4.11 mm (SD = 0.71) in the P versus
1.82mm (SD = 0.24) in H individuals. Similarly, BOP percentages were
significantly higher in the P group (70.1% [SD = 25.5%)] versus 7.8%
[SD = 5.6%]).

3.3. Bacteremia

Results of detection and quantification of P. gingivalis or A. actino-
mycetemcomitans in blood samples are presented in Table 4. At baseline,
DC was not able to detect P. gingivalis or A. actinomycetemcomitans in
any blood sample. However, it was able to detect F. nucleatum in one
patient, with a concentration of 1 X 10* colony forming units (CFU)/
mL. Propinobacterium acnes, Staphylococcus epidermidis and Staphylo-
coccus aureus were also detected in three patients, but they were con-
sidered as contaminants, either from the catheter-extraction or from
laboratory procedures, and therefore, they were excluded from the

Table 2
Demographics data for the periodontitis and periodontally healthy groups.
Healthy Periodontitis p-value
Age (years) [mean (SD)] 41.7 (9.8) 52.3 (9.3) 0.001
Sex [n (%)]
Male 13 (43.3) 16 (53.3) 0.438
Female 17 (56.7) 14 (46.7) 0.438
Smoking [n (%)]
Non-smoker 25 (83.3) 23 (76.7) 0.519
Smoker 5(16.7) 7 (23.3) 0.519
N cigarettes/day [mean (SD)] 0.9 (2.2) 2.1 (3.7) 0.131

SD: standard deviation.
* Statistically significant differences (p < 0.05).
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Table 3
Mean values and standard deviation (SD) of clinical variables.
Healthy Periodontitis p-value
Mean (SD) Mean (SD)
PII (%) 20.59 (14.63) 81.25 (27.04) < 0.001
PD (mm) 1.82 (0.24) 4.11 (0.71) < 0.001
BOP (%) 7.81 (5.65) 70.14 (25.49) < 0.001
REC (mm) 0.06 (0.11) 1.15 (0.88) < 0.001

BOP: bleeding on probing; PD: probing depth; PII: plaque index; REC: recession;
SD: standard deviation.
* Statistically significant differences (p < 0.05).

analyses. With qPCR, P. gingivalis was detected in blood samples coming
from 2 (6.6%) H and 5 (16.7%) P individuals, with mean concentrations
of 1.2 x10*> CFU/mL (SD = 3.7 x 10") and 9.25 x 10" CFU/mL
(7.2 x 10°), respectively. After interdental brushing, P. gingivalis or A.
actinomycetemcomitans were not detected, neither by DC nor by qPCR in
H individuals, while in the P group, one blood sample was positive for
P. gingivalis (6.7x10' CFU/mL) and another for A. actinomycetemcomi-
tans (2.6x10% CFU/mL) (p = 0.901) with qPCR. Actinomyces spp. was
detected by DC in one patient with a concentration of 2.0 x 10* CFU/
mL. Patients with positive samples after interdental brushing were not
the same as those found at baseline.

3.4. Subgingival samples

Table 5 depicts data on detection of pathogens from subgingival
samples, including their frequency of detection, and mean concentra-
tions and proportions.

Prevotella intermedia was the most prevalent bacterial species in P
individuals (97%) followed by P. gingivalis (90%). Fusobacterium nucle-
atum was the most prevalent periodontal bacteria in H patients (90%).
Differences between study groups were statistically significant for P.
gingivalis (p = 0.004), P. intermedia (p = 0.006) and T. forsythia
(p = 0.001).

The total anaerobic counts in subgingival samples was 9.06 x 10°
CFU/mL  (SD=4.33x10") and 116 x10”  CFU/mL
(SD = 1.18 x 107) in H and P individuals, respectively, but differences
were not statistically significant (p = 0.762). Significantly higher
counts (CFU/mL) were found for P. gingivalis (p = 0.001), P. intermedia
(p = 0.003), T. forsythia (p = 0.014) and P. micra (p = 0.008) in P
compared to H individuals. In the latter, the highest counts were found
for F. nucleatum, with statistically significant differences between
groups (p = 0.025).

The proportions of P. gingivalis and T. forsythia were significantly
higher (p < 0.01) in P compared to H patients (26.8% and 1.8%,
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respectively, for P. gingivalis; 5.2% and 0.5%, respectively, for T. for-
sythia).

3.5. Correlation of subgingival samples and positive blood samples after
interdental brushing

In the P individual where A. actinomycetemcomitans was detected in
blood samples after interdental brushing (2.6 X 10* CFU/mL), the pa-
tient also demonstrated the highest counts of A. actinomycetemcomitans
in the subgingival sample (6.2x10°> CFU/mL). The correlation between
A. actinomycetemcomitans levels in blood and subgingival samples was
statistically significant (r = 0.3; p = 0.013). This patient presented
82% of PII, 100% of BOP and a mean PD of 5.3 mm.

In the P individual who harbored P. gingivalis after interdental
brushing (6.7x10' CFU/mL), the counts of P. gingivalis in the sub-
gingival sample were 1.57x10° CFU/mL. The correlation between the
levels of P. gingivalis in blood and subgingival samples was not statis-
tically significant (r=-0.05; p = 0.687). This patient presented 77% of
PII, 85% of BOP and a mean PD of 4.2 mm.

4. Discussion

The present study was designed to determine the prevalence and
levels of P. gingivalis and A. actinomycetemcomitans in blood samples,
before and after the professional use of interdental brushes, using two
microbiological techniques in P and H individuals. Results revealed
that: (1) in blood samples, while DC was not able to detect P. gingivalis
and A. actinomycetemcomitans, qQPCR detected both bacterial species; (2)
A. actinomycetemcomitans was not detected in blood in baseline, but
appeared in one blood sample in a P individual (prevalence = 3.3%,
counts = 2.6 x 102 CFU/mL) after the use of interdental brushes; (3) P.
gingivalis was detected in two H (6.6%) and in 5 (16.7%) P individuals
at baseline and in one (3.3%) P individual after interproximal tooth
brushing (counts range: 6.7x10' CFU/mL to 1.2 x10° CFU/mL); (4)
correlations between A. actinomycetemcomitans levels in blood and
subgingival samples were statistically significant (r = 0.3; p = 0.013).

The results on the prevalence of P. gingivalis and A. actinomyce-
temcomitans were in agreement with those from Kinane et al. (Kinane
et al., 2005) and Forner et al. (Forner et al., 2006) (0% at baseline and
3-5% after manual tooth brushing in H, gingivitis or P patients).
However, these values were lower than those reported by Crasta et al.
(Crasta et al., 2009), Lockhart et al. (Lockhart et al., 2008) or Zhang
et al. (Zhang et al., 2013), with reported ranges between 22-54% after
manual tooth brushing or flossing. It should be emphasized that this
study aimed to identify two specific bacteria, rather than analyzing
general bacteremia. Therefore, comparisons with other studies should
be done with caution. In regards to the amounts of reported bacteremia,

Table 4
Prevalence and concentration of A. actinomycetemcomitans and P. gingivalis in blood samples by both techniques.
A. actinomycetemcomitans P. gingivalis
DC qPCR DC qPCR
Pre Post Pre Post Pre Post Pre Post
Prevalence, n (%)
H 0(0) 0(0) 0(0) 0 (0) 0(0) 0(0 2 (6.6) 0 (0)
P 0 (0) 0 (0) 0 (0) 1(3.3) 0 (0) 0 (0) 5 (16.7) 1(3.3)
p-value - - - 0.901 - - 0.421 0.901
Concentration (CFU/mL) [Mean (SD)]
H 0(0) 0(0) 0 (0) 0(0) 0(0) 0 (0) 1.2 x 10% (3.7 x 10") 0(0)
P 0 (0) 0(0) 0(0) 2.6 x 10% 0(0) 0 (0) 9.25 x 10" (7.2 x 10°) 6.7 x 10
p-value - - - 0.324 - - 0.421 0.901
DC: Direct culture; qPCR: real time quantitative polymerase chain reaction.
Pre: Before interdental tooth brushing; Post: After interdental brushing.
P: Periodontitis individuals; H: periodontally healthy individuals.
SD: standard deviation.
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Table 5
Frequency of detection (%), mean counts (in colony forming units, CFU/mL) and mean proportions of microbiota (%) of periodontal pathogens in subgingival
samples.
Aa Pg Pi Fn Cr Ec Tf Capo Pm
Prevalence n (%)
H 3(10) 17 (57) 21 (70) 27 (90) 2 (7) 5(17) 5(17) 5(17) 11 (37)
P 6 (20) 27 (90) 29 (97) 27 (90) 1(3) 4(13) 22 (73) 3(10) 12 (40)
pvalue  0.278 0.004 0.006 1.000 0.554 0.718 < 0.001 0.448 0.791
Concentration CFU/mL [Mean (SD)]
H 9.30 x 10%(3.93 x 10%)  1.57 x 10* 2.40 x 10* 7.69 x 10* 8.17 x 10° 2.03 x 10° 1.06 x 10* 1.20 x 10° 7.90 x 10°
(2.62 x 109 (5.54 x 10 (2.19 x 10%) (4.03 x 109 (550 x 10%)  (5.47 x 109 (5.47 x 10%)  (1.91 x 10%)
P 3.41 x 10* 4.42 x 10° 3.85 x 10° 2.96 x 10° 4.67 x 10° 1.80 x 10* 4.80 x 10° 1.03 x 10* 2.20 x 10°
(1.19 x 10°) (6.79 x 10%  (6.18 x 10°)  (4.67 x 10°) (256 x 109 (7.54 x 10 (9.77 x 10°)  (4.02 x 10%)  (4.07 x 10%)
pvalue  0.139 0.001 0.003 0.025 0.689 0.257 0.014 0.227 0.008
Mean proportions of microbiota % [Mean (SD)]
H 0.2 (0.8) 1.8 (2.8) 3.5 (6.1) 5.7(6.7) 1.4 (5.5) 0.1 (0.4) 0.5 (1.3) 0.3 (1.2) 1.1 (2.4)
P 0.5 (1.7) 26.8 (26.4) 4.7 (4.8) 3.1 (3.2) 0.2 (0.9) 0.3 (1.5) 5.2 (6.8) 0.1 (0.2) 3.0 (8.8)
p-value  0.457 <0.001" 0.387 0.059 0.224 0.442 0.001° 0.261 0.258

Aa: Aggregatibacter actinomycetemcomitans; Pg: Porphyromonas gingivalis; Pi: Prevotella intermedia; Fn: Fusobacterium nucleatum; Cr: Campylobacter rectus; Ec: Eikenella
corrodens; Tf: Tannerella forsythia; Capno: Capnocytophaga spp.; Pm: Parvimonas micra.
H: periodontally healthy individuals; P: Periodontitis individuals; SD: Standard deviation.

* Statistically significant differences (p < 0.05).

our total counts are higher (6.7x10' CFU/mL for P. gingivalis and
2.6x10% CFU/mL for A. actinomycetemcomitans) than those observed by
Zhang et al. (Zhang et al., 2013) (mean = 7.4 x10° CFU/mL; SD = 16.2)
or by Forner et al. (Forner et al., 2006) (mean = 0.11 CFU/mL;
SD = 0.11). These differences might be attribute to the microbiological
methods used, to the periodontal condition of the individuals assayed
or to the intervention selected to trigger bacteremia.

The use of different microbiological techniques might justify the
heterogeneity in the results reported by different studies. In a recent
bacteremia microbiological methodology study, comparing the fol-
lowing methods: DC, gPCR, BACTEC® (Becton, Dickinson and
Company, Franklin Lakes, NJ, USA) and lysis centrifugation, DC and
qPCR demonstrated the best diagnostic capability to identify period-
ontal pathogens in blood samples (Marin et al., 2017), with thresholds
of detection > 1 x 10! CFU/mL (A. actinomycetemcomitans and P. gin-
givalis). In fact, the use of BACTEC®, lysis filtration or direct culturing
for detection A. actinomycetemcomitans in bacteremia, has only reported
one positive individual in each of three studies (Crasta et al., 2009;
Lockhart et al., 2008; Zhang et al., 2013) and none showed positive
detection of P. gingivalis. It should be noted that BACTEC® and lysis
filtration systems are used in a hospital environment to detect and
identify bacteria in a more general way, not being specific for period-
ontal bacteria. The studies that used BACTEC®, lysis filtration or direct
culturing, do not use any specific medium plates for periodontal bac-
teria isolation. On the other hand, qPCR was able to detect A. actino-
mycetemcomitans and P. gingivalis in two periodontitis patients after
interdental brushing. This result may be in partial accordance with
authors such as Lockhart et al. and Kinane et al. that complement the
haemoculture system with a qualitative PCR molecular based tech-
nique. In the case of Kinane et al. (Kinane et al., 2005; Lockhart et al.,
2008), it was observed that the prevalence of 3% obtained with hae-
moculture was increased up to 13% when it was analyzed with PCR.
These results may strengthen the importance of using appropriate mi-
crobiological techniques, with specific grow mediums or molecular
technique without the use of specific primers.

Concerning the periodontal diagnosis, the results from this in-
vestigation showed that the two individuals with positive bacteremia
after interdental brushing were periodontitis patients. The patient with
the worst PD and BOP values status corresponded to the individual
positive to bacteremia with A. actinomycetemcomitans. These findings
are in line with previous studies reporting that bacteremia was more
likely in individuals with worse periodontal status (deep PD and BOP)
(Daly et al., 2001; Lockhart et al., 2009; Parahitiyawa et al., 2009;
Tomas et al., 2012).
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Professionally performed interdental brushing during 2 min was the
intervention selected in the present research to trigger bacteremia, re-
sulting in 6.6% cases of bacteremia. Previous studies using interdental
devices such as flossing (Crasta et al., 2009; Zhang et al., 2013) or
brushing together with the use of interdental sticks (Madsen, 1974)
have reported higher prevalence data (30-54%), what suggests that a
unique episode of interdental brushing may not be of sufficient to in-
duce bacteremia.

The present study has some limitations that should be considered
when interpreting the results, including the lack of sample size calcu-
lation and the high number of positive blood samples at baseline. The
presence of these positive samples might be explained by the evidence
that daily activities such as chewing or oral hygiene procedures could
be related with a chronic cumulative exposure effects of small amounts
of periodontal pathogens in vascular system (Guntheroth, 1984; Reyes,
Herrera, Kozarov, Roldan, & Progulske-Fox, 2013; Roberts, 1999). In
conclusion, this study has shown that bacteremia related to A. actino-
mycetemcomitans and P. gingivalis did not significantly increase after a
single session of use of interdental brushes.
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ARTICULO #3:

“Validacion de un ensayo de qPCR multiple para la deteccion vy
cuantificacion de Aggregatibacter actinomycetemcomitans y

Porphyromonas gingivalis: estudio in vitro y en muestras subgingivales”

Objetivo: Validar un ensayo de reacciéon en cadena de la polimerasa cuantitativa en
tiempo real multiple (m-qPCR) para la identificacién y cuantificaciéon simultanea de 4.

actinomycetemcomutans y P. gingivalis en muestras subgingivales.

Material y métodos: Para el estudio m vitro, se prepararon combinaciones de ADN
de A. actinomycetemcomitans y P. gingwalis en concentraciones similares o diferentes. Las
técnicas de qPCR simple y m-qPCR se realizaron utilizando los mismos cebadores y
sondas de hidrélisis especificas para los genes 16S rRNA. Los resultados se analizaron
utilizando los coeficientes de correlacion (r) intraclase (ICC) y de Lin basados en los
valores del ciclo de cuantificacion (Cq). Para el estudio m viwo, se empled un estudio
transversal que analiz6 muestras subgingival recogidas de pacientes con periodontitis y
periodontalmente sanos. Las muestras fueron procesadas por gPCR simple y m-qPCR
dirigidas a ambas bacterias. La sensibilidad, la especificidad, los valores predictivos y los
coeficientes de correlaciéon de Lin (r) se calcularon utilizando unidades formadoras de

colonias (UFC)/mL, como resultado primario.

Resultados: En el estudio i wvitro, m-qPCR produjo una buena reproducibilidad
(coeficientes de variacion alrededor del 1% e ICC> 0.99) para ambas especies
bacterianas; m-qPCR alcanzé limites de deteccion y especificidad similares a qPCR
simple; y se observo una excelente concordancia (r = 0.99) entre m-qPCR y qPCR para
A. actinomycetemconutans y P. gingwalis, sin diferencias estadisticamente significativas entre
ambos métodos. En el estudio i vwo, se obtuvo una alta sensibilidad (superior al 80%) y
especificidad (100%) con m-qPCR para ambas bacterias; la técnica m-qPCR produjo
una buena concordancia en los valores de Cqg, mostrando un buen nivel de acuerdo

entre qPCR y m-qPCR.

Conclusion: El método m-qPCR probado fue exitoso en la cuantificacion simultanea
de A. actinomycetemcomutans y P. gingwalis, con un alto grado de sensibilidad y especificidad

en muestras subgingivales.

91






Archives of Oral Biology 88 (2018) 47-53

journal homepage: www.elsevier.com/locate/archoralbio

Contents lists available at ScienceDirect

Archives of Oral Biology

Validation of a multiplex qPCR assay for the identification and R

Check for

quantification of Aggregatibacter actinomycetemcomitans and Porphyromonas | %
gingivalis: In vitro and subgingival plaque samples

MJ. Marin®, N. Ambrosio, D. Herrera, M. Sanz, E. Figuero

Etiology and Therapy of Periodontal Diseases (ETEP) Research Group, University Complutense, Madrid, Spain

ARTICLE INFO ABSTRACT

Keywords:

Multiplex quantitative PCR
Periodontitis

Microbiology

Validation

Objective: To validate a multiplex qPCR (m-qPCR) assay for the simultaneous identification and quantification of
Aggregatibacter actinomycetemcomitans and Porphyromonas gingivalis in subgingival samples.

Material and methods: In vitro samples: DNA combinations of A. actinomycetemcomitans and P. gingivalis in si-
milar or different concentrations were prepared. gPCR and m-qPCR were performed using the same primers and
hydrolysis probes specific for 16SrRNA genes. Results were analyzed using intra-class (ICCs) and Lin’s corre-
lation coefficients (r) based on quantification cycle (Cq) values. Subgingival plaque samples: a cross-sectional
study analyzing subgingival plaque samples harvested from periodontally-healthy and chronic periodontitis
patients. Samples were processed by either QPCR or m-qPCR targeting both bacteria. Sensitivity, specificity,
predictive values and Lins correlation coefficients (r) were calculated using CFU/mL as primary outcome.
Results: In vitro samples: m-qPCR yielded a good reproducibility (coefficients of variation around 1% and
ICCs > 0.99) for both bacterial species. m-qPCR achieved detection limits and specificity similar to gPCR. An
excellent concordance (r = 0.99) was observed between m-qPCR and qPCR for A. actinomycetemcomitans and P.
gingivalis without statistical significant differences between both methods Subgingival plaq ples: a high
sensitivity (above 80%) and specificity (100%) was obtained with the m-qPCR for both bacteria. The m-qPCR
yielded a good concordance in Cq values, showing a good level of agreement between qPCR and m-qPCR.
Conclusion: The tested m-qPCR method was successful in the simultaneous quantification of A. actinomyce-

temcomitans and P. gingivalis, with a high degree of sensitivity and specificity on subgingival plaque samples.

1. Introduction

Periodontitis is a chronic inflammatory condition characterised by
the destruction of tooth supporting tissues. The primary etiological
factor of this disease is the pathogenic bacterial species within the
subgingival biofilm (APP, 1996). Although there are more than 700
different bacterial species in symbiosis with the host within the human
oral cavity (Aas, Paster, Stokes, Olsen, & Dewhirst, 2005), only a small
fraction of these bacteria have the potential to cause dysbiosis and in-
duce the metabolic changes responsible of periodontal tissue destruc-
tion (Sanz et al., 2017). Amongst these bacteria with pathogenic po-
tential, two species, Aggregatibacter actinomycetemcomitans and
Porphyromonas gingivalis have been clearly associated in many clinical
studies with the initiation and progression of periodontitis (Slots &
Ting, 1999). Moreover, in recent years, P. gingivalis has been identified
in experimental studies as a key pathogen in promoting the dysbiotic
enviroment leading to the chronic inflammatory changes characteristic

of the periodontitis lesion (Hajishengallis & Lamont, 2012). The ap-
propriate detection and quantification of these periodontal pathogens
in subgingival plaque samples, therefore, seems appropriate for the
diagnosis, risk assessment and treatment planning of periodontitis pa-
tients (van Winkelhoff & Winkel, 2005).

For many years, bacterial culturing was considered the gold stan-
dard method for detecting bacterial pathogens residing in subgingival
biofilms (Sanz, Lau, Herrera, Morillo, & Silva, 2004). This technique,
however, has clear limitations, namely it is relatively time-consuming
and expensive, it needs experienced personnel and it is difficult to
identify and isolate cultivable species when present in low abundance
or those species with stringent growing conditions (Morillo, Lau, Sanz,
Herrera, & Silva, 2003; Sanz et al., 2004). In fact, most of the bacterial
species present in the subgingival biofilms are considered as non-cul-
tivable, since they have only been identified by molecular methods. To
overcome these limitations, techniques based on molecular methods
such as the polymerase chain reaction (PCR) assays have been
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developed. Among them, the quantitative real-time PCR (qPCR) pro-
vides a precise and sensitive method for an accurate quantification of
individual periodontal pathogenic bacterial species with high sensi-
tivity and specificity using fluorescence signals (Boutaga, Savelkoul,
Winkel, & van Winkelhoff, 2007). These assays allow the detection of
pathogens with slow or difficult growth in culture (Boutaga, van
Winkelhoff, Vandenbroucke-Grauls, & Savelkoul, 2003; Yoshida et al.,
2003). Previous studies from our research group have shown a high
sensitivity and specificity of qPCR technology in detecting and quan-
tifying target periodontal microorganisms (Morillo et al., 2003, 2004)
and when compared to standard culturing techniques they demon-
strated a positive predictive value (0.92) in detecting P. gingivalis in
periodontitis patients (Lau et al., 2004).

Recently, a different modality of qPCR, the multiplex qPCR (m-
qPCR) has being successfully used in microbiological diagnosis
(Puenpa, Suwannakarn, Chansaenroj, Vongpunsawad, & Poovorawan,
2017) and specifically in periodontology (Figuero et al., 2014; Miranda
et al., 2017; Montero et al., 2017; Nagaoka et al., 2017; Zhou et al.,
2015, 2017). The m-qPCR assay takes the analysis one step further,
allowing simultaneous amplification of different target sequences from
the same sample, what implies a clear reduction in time and cost
(Bolivar, Rojas, & Garcia, 2013). These m-qPCR assays, however, have
not been validated in the identification and quantification of period-
ontal pathogenic bacteria. Only Milne et al. (2016) developed a mul-
tiplex assay aimed to subgingival plaque samples, but using primers
targeting single copy genes (Rgpa and IlkA), instead of 16SrRNA se-
quences (Milne et al., 2016). Most real-time q-PCR assays for the
quantification of A. actinomycetemcomitans and P. gingivalis use
16SrRNA sequences, a small-subunit of DNA present in all bacterial
species that contains highly conserved species-specific sequences (Al-
Hebshi, Shuga-Aldin, Al-Sharabi, & Ghandour, 2014; Heid, Stevens,
Livak, & Williams, 1996; Marin et al., 2017; Sanchez et al., 2017). The
study by Milne et al. (2016) only reported results from m-qPCR,
without presenting the comparison with the gold-standard technique,
qPCR. It is, therefore, the objective of this study to validate the m-qPCR
for the simultaneous detection of A. actinomycetemcomitans and P. gin-
givalis.

2. Material and methods
2.1. In vitro samples

The primer-hydrolysis probe set were designed to target 16STRNA
gene from A. actinomycetemcomitans and for P. gingivalis strains. To test
the sensitivity (detection limit) of this primer/hydrolysis probe com-
bination, we used a series of 10-fold dilutions of known DNA con-
centrations of the reference strains. To test the specificity (cross-reac-
tions) qPCR assays were performed with DNA from the reference strains
of non-target species: Tannerella forsythia (strain ATCC 43037),
Fusobacterium nucleatum (strain DMSZ 20482), Campylobacter rectus
(strain NCTC 11489), Streptococcus oralis (strain CECT 907T) and A.
actinomycetemcomitans (strain DSMZ 8324) (in assays with primers/
hydrolysis probe of P. gingivalis) or P. gingivalis (strain ATCC 33277) (in
assays with primers/hydrolysis probe of A. actinomycetemcomitans).
DNA of each non-target species was included in qPCR reactions in-
dividually or pooled as a DNA mixture of all non-target bacteria. Primer
and probe specificity was also checked in silico by BLAST analysis
(https://blast.ncbi.nlm.nih.gov/Blast.cgi).

To compare the quantification data (Cq) between qPCR and m-
qPCR, pure culture samples of A. actinomycetemcomitans and P. gingivalis
the following experiments were used:

a Serial dilutions from 10® to 10" colony forming units (CFU)/mL of
purified genomic DNA of P. gingivalis (n = 8).

b Serial dilutions from 108 to 10' CFU/mL of purified genomic DNA of
pure A. actinomycetemcomitans (n = 8).
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¢ A combination of DNA from serial dilutions of A. actinomycetemco-
mitans and P. gingivalis in similar concentrations (from 108 to 10?
CFU/mL) (n = 8).
d A combination of DNA from serial dilutions of A. actinomycetemco-
mitans and P. gingivalis in different concentrations:
® P. gingivalis (10% CFU/mL) and A. actinomycetemcomitans (serial
dilutions from 10° to 10' CFU/mL) (n = 5).
e A. actinomycetemcomitans (10® CFU/mL) and P. gingivalis (serial
dilutions from 10° to 10' CFU/mL) (n = 5).

Each DNA sample was analysed by both assays (QPCR and m-qPCR)
in duplicate in different experiments in three separated days (n = 3).

2.1.1. Strains

Reference strains (A. actinomycetemcomitans strain DSMZ 8324, P.
gingivalis strain ATCC 33277) were grown on blood agar plates (Oxoid
No. 2 Blood Agar, Oxoid, Basingstoke, UK) supplemented with horse
blood 5% (Oxoid), haemin (5.0 mg/1) (Sigma, St. Louis, MO, USA) and
menadione (1 mg/l) under anaerobic conditions (10% H,, 10% CO,,
and balanced N,) at 37 °C for 24-72 h. BHI media (Brain Heart Infusion,
Becton, Dickinson and Company, USA) were used to grow bacteria
under anaerobic conditions for 24-48h (depending on the bacterial
species) until reaching the exponential phase of growth (as measured by
spectrophotometry at optical density 550 nm). From each BHI medium
containing A. actinomycetemcomitans or P. gingivalis at the desired
concentration, 1 mL was taken and vortexed. Then, each vial was cen-
trifuged at 13,000 rpm for 1 min, and the supernatant was discarded.
The resultant pellets were frozen to —20 °C until DNA extraction.

2.1.2. DNA extraction

Bacterial DNA from each vial was extracted using a commercial kit
specifically designed to extract bacterial DNA in blood samples
(MolYsis Complete5. MolzymGmbh& Co.KG. Bremen, Germany) fol-
lowing manufacturer’s instructions. Finally the extracted DNA was
eluded in 100 uL of sterile water (Roche) and frozen at —20°C for
further analysis.

2.1.3. qPCR assay
All qPCR procedures were conducted by a single experienced and
blinded personnel (MJM).

2.1.4. PCR primers and hydrolysis probes

The sequence of the primers and hydrolysis probes used for P. gin-
givalis and A. actinomycetemcomitans targeted 16S ribosomal-RNA
(rRNA) genes (Table 1) (Boutaga, van Winkelhoff, Vandenbroucke-
Grauls, & Savelkoul, 2005). For gPCR, the oligonucleotide hydrolysis
probes of both bacteria were labelled with the fluorescent dyes 6-

Table 1
Primers and hydrolysis probes used for the qPCR amplifications.

Bacterial species Sequence (5-3")

Primer F: GAA CCT TAC CTA CTC TTG ACA TCC
GAA

Primer R: TGC AGC ACC TGT CTC AAA GC
Probe: FAM-AGA ACT CAG AGA TGG GTT TGT
GCC TTAGGG-TAMRA

Primer F: GCGCTCAACGTTCAGCC

Primer R: CACGAATTCCGCCTGC

Probe qPCR: FAM-
CACTGAACTCAAGCCCGGCAGTTTCAA-TAMRA
Probe m-qPCR:
HEX5’-CACTGAACTCAAGCCCGGCAGTTTCAA-
BHQ1

A. actinomycetemcomitans
(Boutaga et al., 2005)

P. gingivalis (Boutaga et al.,
2003)

F: Forward. R: Reverse; FAM: 6-carboxyfluorescein, TAMRA: 6-carboxyte-
tramethylrhodamine; HEX: hexachloro-fluorescein phosphoramidita; BHQ1: Black Hole
Quencherl; qPCR: quantitative polimerase chain reaction; m-qPCR: multiplex qPCR.
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carboxyfluorescein (FAM) with a covalently attached at the 5’_end and
6-carboxytetramethylrhodamine (TAMRA) attached at the 3’_end.

For m-qPCR, the fluorescent oligonucleotide hydrolysis probe of A.
actinomycetemcomitans were also labelled with a reporter dye FAM at-
tached at the 5”_end and TAMRA attached at the 3’_end, while P. gin-
givalis oligonucleotide hydrolysis probe were dually labelled with the
fluorescent dyes HEX5’ (hexachloro-fluorescein phosphoramidita) at
the 5”_end and BHQ1 (Black Hole Quencher-1) at the 3’_ end.

The hydrolysis probes 5nuclease assay PCR method was used for
detecting and quantifying the bacterial DNA. PCR amplification was
performed in a total reaction mixture volume of 10 uL. The reaction
mixtures contained 5 pL of 2 X TagMan master mixture (LC 480 Probes
Master, Roche Diagnostic GmbH, Mannheim, Germany), optimal con-
centrations of primers and hydrolysis probe (300, 300 and 100 nM for
A. actinomycetemcomitans and 300, 300 and 300 nM, for P. gingivalis)
and 2.5 pL of DNA from the samples. In case of m-qPCR, primers and
hydrolysis probes from P. gingivalis and A. actinomycetemcomitans were
also mixed in such concentrations. The no-template control (NTC)
consisted on 2.5 pL of sterile water.

Samples were subjected to an initial amplification cycle of 95 °C for
10 min, followed by 40 cycles at 95 °C for 15s and 60 °C for 1 min in
LightCycler” 480 II thermocycler (Roche Diagnostic GmbH, Mannheim,
Germany). Each DNA sample was analysed in duplicate on one 384-well
plate in each one of the three experiments performed in different days.
Each plate included a standard curve with DNA of target bacteria
(acting as internal calibration control) and a NTC. All assays were de-
veloped with a linear quantitative detection range established by the
slope range of 3.3-3.6 cycles/log decade, r* > 0.997 and an efficiency
range of 1.9-2.0. Quantification cycle values (Cq), defined as the PCR
cycle number at which fluorescence rises above the baseline, were de-
termined.

2.1.5. Statistical analysis

Quantification cycle values (Cq) were considered the main outcome
variables for this study. In relation to reproducibility, means and
standard deviations (SD) were obtained to calculate the coefficient of
variation (CV) for each DNA concentration. A reliability analysis was
carried out using intra-class correlation coefficients (ICCs) with a two-
way random effects model (absolute agreement). In order to determine
the concordance of m-qPCR when compared to qPCR, the Passing-
Bablok estimation of regression line was determined. In this regression
line, two parameters were interpreted: (a) the constant with its 95%
confidence interval (A, 95% CI), indicating constant differences be-
tween methods, when it is statistically different from 0; (b) the slope (B,
95% CI), indicating the existence of proportional differences between
methods, when it is significantly different from 1. In addition, the Lin’s
Concordance correlation coefficient of absolute agreement (r) was
calculated.

The level of statistical significance was set at p < 0.05. A statistical
software package IBM SPSS Statistics 21.0 was used for the data ana-
lysis.

2.2. Subgingival plaque samples

Subgingival samples were consecutively collected from subjects
volunteering for this investigation among those attending the dental
clinics at the Faculty of Odontology, University Complutense, Madrid
(Spain).

This cross-sectional study was approved by the ethical committee
from Hospital Clinico Universitario de San Carlos, Madrid (Spain). All
participants signed a written informed consent and the study proce-
dures were conducted according to the Declaration of Helsinki, the
Council of Europe Convention, the Universal Declaration of UNESCO
and the requirements of the Spanish legislation.

Participating subjects were included if they were older than 30
years and had at least 3 teeth per quadrant. Depending on their clinical
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diagnosis, two groups were included, according to the following cri-
teria:

e Moderate to severe chronic periodontitis (ChP): probing pocket
depth (PPD) deeper than 5 mm and bone loss greater than 30% in at
least 50% of the teeth (Tonetti et al., 2007).

e Periodontally healthy patients: defined as bleeding on probing
(BOP) in less than 25% of sites, with no loss of attachment.

Patients were excluded if they had received periodontal treatment
in the last year and/or if they had used systemic antibiotics within the
previous 3 months.

The following clinical variables were assessed using a CPC-12 per-
iodontal probe (Hu-Friedy Europe, Rotterdan, Holland) by a trained
operator (NAE) at six sites per tooth, in all teeth except 3rd molars:

O Plaque index (PI), as present/absent, visually or detected with probe
(Ainamo&Bay 1975).

O Probing Pocket Depth (PPD) and gingival recession (REC) in milli-
meters.

O Bleeding on probing (BOP), recorded as present/absent 30s after
probing (Ainamo&Bay 1975).

In each patient an orthopantomography (OPG) was performed in
order to assess radiographic bone loss.

The concentrations of targeted bacteria (CFU/mL) obtained by
qPCR and m-gPCR in each subgingival plaque sample were compared
considering qPCR as the gold standard.

2.2.1. Sample collection

In the healthy group, GCF samples were taken from the mesio-
buccal sites of the first molars and, when absent, from the adjacent
second molars (the next alternative would be the second premolars and
from there, any teeth present mesially). In ChP patients, GCF samples
were taken from the most accessible site with the deepest PPD and BOP,
per quadrant.

Samples were collected with two consecutive sterile medium paper
points inserted in the sulcus/pocket (#30, Maillefer, Ballaigues,
Switzerland). Prior to sampling, the selected sites were isolated from
saliva and supragingival contamination with the use of cotton rolls and
compressed air. The paper points were inserted subgingivally, kept in
place for 10 s and then transferred into a screw-capped vial, containing
1 mL of reduced transport fluid (RTF) (Syed & Loesche, 1972). Samples
were vortexed and paper points of each vial were removed. Then,
samples were centrifuged at 13,000 rpm for 3 min, and the supernatant
were discarded. The resultant pellets were frozen to —20°C to DNA
extraction.

2.2.2. Bacterial DNA extraction and analysis by gPCR
The same protocol (including test to establish detection limit) as
described in the in vitro study was used.

2.2.3. Statistical analysis

Demographical and clinical data of the patient groups (age, PI, PPD,
REC and BOP) were expressed by means and standard deviation (SDs)
and compared by student T-tests. The concentration of each target
bacteria in GCF samples was considered the main outcome variable.
These concentrations were calculated from the standard curve of seri-
ally diluted reference strains. Quantitative results were expressed in
CFU/mL, log transformed and expressed in mean values and SD. All
bacterial quantitative data from all subjects were considered (including
values below 100 CFU/ml). An independent T-test was used to compare
these mean counts (log) between healthy and ChP patients using both
techniques (QPCR and m-qPCR). Passing-bablok estimation of regres-
sion line and Lin's concordance correlation coefficient of absolute
agreement were determined using qPCR as the diagnostic reference
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standard. Qualitative results (presence or absence of both pathogens)
using both diagnostic methods were presented with contingency tables.
The chi-squared test was used to compare detection frequency between
both study groups (H and ChP) using both techniques (qPCR and m-
qPCR). In addition, all diagnostic parameters (sensitivity, specificity,
positive and negative predictive values and positive and negative
likelihood ratios) were calculated using qPCR as the diagnostic re-
ference standard.

The level of statistical significance was set at p < 0.05. A statistical
software package IBM SPSS Statistics 21.0 was used for the data ana-
lysis.

3. Results
3.1. In vitro samples

3.1.1. Analytical sensitivity (detection limit) and specificity (cross-reaction)
of m-qPCR

The detection limit and cross-reactions of m-qPCR assay were si-
milar to qPCR. In terms of sensitivity both qPCR detected as few as 100
CFU/mL for A. actinomycetemcomitans and for P. gingivalis. Standard
curves were found to be linear from 10% to 10° CFU/mL (Fig. 1 and
Fig. 2).

The primers and hydrolysis probes for each bacteria (A. actinomy-
cetemcomitans and P. gingivalis) specifically amplified the bacterial DNA,
whereas no amplifications were detected with any of the other bacterial
species tested (range from 10 to 10° CFU/mL). When DNA with more
than 10° CFU/mL from non-targeting bacterial cells was present (alone
or mixed with DNA from <10? CFU/ml of target bacteria), unspecific
amplifications were detected in qPCR assay.

3.1.2. Reproducibility, reliability and concordance
Mean, and SD, Cq values for both techniques are presented in Tables
2A and 2B. The coefficients of variations were around 1% in most of
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samples, revealing a high reproducibility for both qPCR and m-qPCR.

When comparing mean values of Cq in m-qPCR and qPCR, no sta-
tistically significant differences (constant and proportional) for both
bacterial species (A. actinomycetemcomitans and P. gingivalis) were ob-
served (Table 3). An excellent concordance (correlation coefficient, r:
0.99) was observed between m-qPCR and the reference standard
(gPCR) for both bacteria. The reliability analysis provided values of
ICCs higher than 0.99 (p < 0.01), therefore demonstrating a highly
statistically significant reproducibility (Table 4).

3.2. Subgingival plaque samples

From a total of 367 subject screened from 2012 to 2015, 292 did not
meet the inclusion criteria. From the 75 subject that meet the criteria,
15 refused to participate. Finally, a sample population of sixty patients
was recruited to participate in the study, 30 with a diagnosis of ChP and
30 periodontally healthy. In the periodontally healthy group, mean PPD
was 1.82mm (SD = 0.24 mm) and mean BOP 7.8% (SD = 5.6%). In
patients with ChP, mean PPD and BOP values were 4.11 mm
(SD = 0.71 mm) and 70.1% (SD = 25.5%), respectively (p < 0.001).
There were 17 females (56.7%) in the healthy group and 14 females
(46.7%) in the ChP group (p > 0.05). The mean age was 41.7
(SD = 9.8) years for the healthy group and 52.3 (SD = 9.3) years for
the ChP group (p < 0.001).

Table 5 describes the prevalence and mean counts (log CFU/mL) of
A. actinomycetemcomitans and P. gingivalis in subgingival plaque samples
from the two groups detected by both diagnostic methods (QPCR and m-
qPCR). Similar CFU/mL mean values were detected by qPCR and m-
qPCR. A slight decline was observed in regards frequency of detection
of both bacteria by m-qPCR. No significant differences were detected
between the two diagnostic methods for either mean counts and pre-
valences in any of the patient’s groups.
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Fig. 1. (a) In vitro study: Quantification curves of 10-fold serial dilutions of purified genomic Porphyromonas gingivalis (Pg) DNA obtained by qPCR vesus multiple qPCR. The
X-axis displays the Cq values and the Y-axis represents fluorescence. (b) In vitro study: Standard curve of gPCR and multiplex gPCR for Porphyromonas gingivalis (Pg). The X-axis
displays log CFU (colony forming units)/ml and the Y-axis represents the Cq values. qPCR efficiency is determined by using a 10-fold serial dilutions of purified genomic Pg DNA.
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Fig. 2. (a) In vitro study: Quantification curves of 10-fold serial dilutions of purified genomic Aggregatibacter actinomycetemcomitans (Aa) obtained by qPCR vesus multiple
gPCR. The X-axis displays the Cq values and the Y-axis represents fluorescence. (b) In vitro study: Standard curve of QPCR and multiplex qPCR for Aggregatibacter actinomyce-
temcomitans (Aa). The X-axis displays log CFU (colony forming units)/ml and the Y-axis represents the Cq values. qQPCR efficiency is determined by using a 10-fold serial dilutions of

purified genomic Aa DNA.

Table 2A

Invitro study: comparison of detection of P. gingivalis by qPCR and multiplex qPCR [mean

quantification cycle (Cq), standard desviation (SD) and coefficient of variation (CV)].

Table 2B

In vitro study: comparison of detection of A. actinomycetemcomitans by qPCR and multi-
plex qPCR [mean quantification cycle (Cq), standard desviation (SD) and coefficient of

variation (CV)].

P. gingivalis qPCR Multiplex qPCR
Cq Cq
Sample Predicted n Mean SD CV (%) Mean SD CV (%)
concentration (CFU/ml)
Pg 10° 3 13.01 0.04 0.31 12.97 023 1.74
Pg10” 3 1570 0.34 213 15.88 0.11 0.72
Pg 10° 3 19.80 0.06 0.28 19.91 0.18 0.90
Pg 10° 3 2369 010 0.43 23.84 0.24 0.99
pg 10* 3 27.81 0.23 0.81 27.80 0.14 0.49
Pg 10° 3 31.86 040 1.25 31.94 0.56 1.76
Pg10* 3 3564 054 1.52 3542 0.45 1.28
Pg 10° 3 39.87 023 0.57 39.12 1.03 262
Aa_10° + Pg 10° 3 1350 1.11 8.23 13.09 0.49 3.71
Aa 107 + Pg 107 3 1690 1.00 5.89 16.60 0.62 3.74
Aa_10° + Pg 10° 3 2057 1.19 5.79 20.15 0.64 3.19
Aa10° + Pg10° 3 2448 1.04 4.24 23.89 0.41 1.72
Aa 10% + Pg 10* 3 2824 079 2.81 27.63 0.38 1.36
Aa 10° + Pg10° 3 31.84 0.88 276 31.26 0.42 1.34
Aa 10? + Pg 107 3 3586 071 1.99 34.81 0.35 1.02
Aa 10" + Pg 10° 3 39.02 0.86 2.20 37.92 0.32 0.85
Aa 10° + Pg 10° 3 2441 056 2.31 23.97 0.06 0.27
Aa 10° + Pg 10" 3 27.43 0.44 1.59 27.33 0.30 1.09
Aa 10° + Pg 10° 3 3093 048 1.55 30.62 0.47 1.52
Aa 10° + Pg 107 3 3369 061 1.82 33.65 0.76 2.24
Aa_10° + Pg 10" 3 3566 0.04 0.11 36.44 0.19 0.52
Pg 10° + Aa_10° 3 1370 0.19 1.37 13.66 0.08 0.58
Pg 10° + Aa 10* 3 13.83 0.13 0.97 13.72 0.06 0.42
Pg 10° + Aa 10° 3 1379 020 1.47 13.60 0.20 1.47
Pg 10° + Aa 107 3 1376 0.10 0.74 13.71 0.04 0.27
Pg 10° + Aa 10" 3 13.82 016 1.17 13.71 0.06 0.43
qPCR: quantitative polimerase chain reaction; CFU: colony forming unit; Pg:

Porphyromonas gingivalis; Aa: Aggregatibacter actinomycetemcomitans.

A. actinomycetemcomitans qPCR Multiplex qPCR
Cq Cq
Sample_Predicted n Mean SD CV (%) Mean SD CV (%)
concentration (CFU/ml)
Aa_10° 3 1434 0.62 4.35 14.63 0.62 4.27
Aa 107 3 1824 0.67 3.69 17.95 0.51 2.84
Aa 10° 3 21.66 0.78 3.59 21.67 0.81 3.72
Aa 10° 3 2523 078 3.08 2517 1.04 4.11
Aa 10* 3 2885 1.13 3.92 29.14 1.28 4.40
Aa10° 3 3255 1.26 3.86 3246 1.25 3.84
Aa10? 3 3572 1.40 3.92 3579 1.55 4.33
Aa_10' 3 3875 1.03 2.67 39.32 1.18 3.01
Aa 10° + Pg 10° 3 1489 0.13 0.89 14.77 0.07 0.44
Aa 107 + Pg107 3 1828 0.03 0.17 18.14 0.04 0.21
Aa 10° + Pg 10° 3 2196 0.44 1.99 21.78 0.13 0.58
Aa_10° + Pg10° 3 2579 032 1.24 25.35 0.19 0.76
Aa_10* + Pg 10" 3 2965 0.62 2.08 29.36 0.55 1.86
Aa10° + Pg10° 3 3328 040 1.22 33.30 076 2.29
Aa_10? + Pg10° 3 3701 049 1.32 37.28 0.90 2.41
Aa 10" + Pg 10’ 3 3894 0.32 0.82 40.00 0.00 0.00
Aa 10® + Pg10° 3 1532 030 1.93 15.08 0.37 2.45
Aa 10° + Pg10* 3 1511 0.55 3.65 1514 0.21 1.42
Aa 10° + Pg10° 3 1521 0.28 1.83 15.23 0.24 1.59
Aa_10° + Pg10° 3 1524 022 1.47 1521 0.25 1.64
Aa_10° + Pg 10" 3 14.94 0.47 3.12 15.26 0.17 1.10
Pg10° + Aa 10° 3 2592 045 1.75 25.82 0.29 1.14
Pg 10° + Aa 10* 3 2950 0.38 1.30 30.53 212 6.95
Pg10° + Aa 10° 3 31.82 0.20 0.64 31.93 0.33 1.02
Pg 10° + Aa 10° 3 3295 029 0.88 3273 0.23 0.69
Pg 10° + Aa 10’ 3 33.02 034 1.04 32.80 0.27 0.82
qPCR: quantitative polimerase chain reaction; CFU: colony forming unit; Pg:

Porphyromonas gingivalis; Aa: Aggregatibacter actinomycetemcomitans.
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Table 3

In vitro study: diagnostic concordance for multiplex qPCR with the reference standard
qPCR) for A. actinomycetemcomitans and P. gingivalis, providing by Passing-Bablok re-
gression intercept (A), slope (B), 95% confidence intervals (CI) and correlation coefficient

(r).

Bacteria n A 95% CI B 95% CI r
P. gingivalis 26 0.12 —-0.23 043 099 0.96 1.00 0.99
A. actinomycetemcomitans 26 —0.22 -0.65 0.12 1.01 0.99 1.02 0.99

Table 4
In vitro study: reliability analysis for the in vitro qQPCR assay for A. actinomycetemcomitans
and P. gingivalis.

Bacteria ICC value 95% IC F-value p-value
P. gingivalis 0.99 0.99 0.99 13.17 0.001
A. actinomycetemcomitans 0.99 0.98 0.99 13.66 < 0.001

ICC: intra-class correlation coefficient; CI: confidence interval.

Table 5

Subgingival plaque samples study: frequency of detection, mean counts (log) in positive
plaque samples by qPCR and multiplex qPCR for A. actinomycetemcomitans and P. gingi-
valis. Caution: values below 100 CFU/ml are approximations with a high degree of
probability.

qPCR m-qPCR
P. gingivalis
Prevalence, n (%)
Healthy 29 (96.66) 25 (83.33)
Periodontitis 28 (93.33) 27 (90.00)
p value 0.554 0.448
Mean count, log CFU/mL (SD)
Healthy 2.28 (1.39) 1.63 (2.31)
Periodontitis 5.57 (1.39) 5.39 (3.15)
p value < 0.001 < 0.001
A. actinomycetemcomitans
Prevalence, n (%)
Healthy 10 (33.33) 8 (26.67)
Periodontitis 17 (56.67) 16 (53.33)
p value 0.069 0.035
Mean count, log CFU/mL (SD)
Healthy —1.01 (2.89) —1.33 (2.83)
Periodontitis 0.65 (3.36) 0.46 (3.39)
p value 0.045 0.030

CFU: colony forming unit, SD: Standard deviation.

3.2.1. Diagnostic validity and concordance

Table 6 describes the validity (diagnostic sensitivity, specifity and
predictive values) of m-qPCR using qPCR as the reference standard. The
sensitivity of m-qPCR ranged between 86% and 96% for P. gingivalis,
and between 80% and 94% for A. actinomycetemcomitans. Positive
predictive values were 100% in all cases. For both bacteria, specificity
values were 100% in all groups.

m-qPCR reported similar CFU/mL values when compared to qPCR,

Table 6
Subgingival plaque samples study: diagnostic validity indicators of multiplex qPCR (in-
cluding sensitivity, specifity and predictive values) using qPCR as reference standard.

Bacterial species Prevalence Sensitivity Specificity PPV NPV
P. gingivalis
Healthy 96.67 86.21 100 100 20
Peridontitis 93.33 96.43 100 100 66.67
A. actinomycetemcomitans
Healthy 33.33 80 100 100 90.91
Peridontitis 56.67 94.12 100 100 92.80

PPV: Positive Predictive value; NPV: Negative Predictive value.
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Table 7

Subgingival plaque samples study: diagnostic concordance for multiplex gPCR with the
reference standard qPCR; in vivo assay providing by Passing-Bablok regression intercept
(A), slope (B), 95% confidence intervals (CI) and correlation coefficient (r).

Bacteria Patient n A 95% CI B 95% CI T

P. gingivalis
All 60 -0.06 -0.17 0.00 1.02 1.01 1.05 0.87
Healthy 30 -038 -1.13 -0.09 1.13 1.04 1.41 0.58
Periodontitis 30 0.05 —0.03 0.32 1.00 096 1.02 0.90

A. actinomycetemcomitans
All 60 0.00 —0.03 0.02 1.00 0.99 1.01 0.94
Healthy 30 0.02 0.00 0.06 1.01 1.00 1.02 0.90
Periodontitis 30 —0.02 —0.05 0.00 0.99 0.98 1.00 0.96

demonstrating a high concordance (correlation coefficient, r > 0.87;
except for P. gingivalis in healthy patients, r: 0.58). No statistically
significant differences were found between m-qPCR and the reference
method gPCR for A. actinomycetemcomitans and P. gingivalis in the
periodontitis group (Table 7).

4. Discussion

The results from the validation of a m-qPCR assay for the simulta-
neous detection of A. actinomycetemcomitans and P. gingivalis has de-
monstrated that: (1) the m-qPCR assay had similar detection limits and
analytical specificity for the targeted bacteria when compared to qPCR;
(2) m-qPCR detected comparable amounts of A. actinomycetemcomitans
and P. gingivalis when compared to gPCR, both from pure bacterial
cultures and subgingival plaque samples harvested from patients with
different periodontal status; and (3) when compared with the reference
method (qPCR), m-qPCR showed excellent results in terms of con-
cordance, sensibility and specificity.

As expected, a greater prevalence and mean counts of A. actino-
mycetemcomitans and P. gingivalis were identified in ChP patients, when
compared to periodontally-healthy subjects (Table 5). The overall re-
ported prevalence (89-92% for P. gingivalis and 30-55% for A. actino-
mycetemcomitans) was higher than what has been reported in studies
using a similar methodology (qPCR). Lau et al. (2004) and Boutaga
et al. (2005) reported prevalence values of 13.3-81.3% and 9.9-45.5%
for P. gingivalis and 6.7-18.8% and 18-27.4% for A. actinomycetemco-
mitans respectively. These differences might be attributed to the primer
design, based on single copy gene sequence (Lau et al., 2004) versus 16s
rRNA gene as a target gene in the present study, or to the geographical
origin of the patient (Boutaga et al., 2005), as a higher prevalence of P.
gingivalis has been reported in the subgingival microbiota from the
Spanish population when compared to Dutch patients (Sanz et al.,
2000). The reported results also showed higher prevalences than those
reported using bacterial culture (20-84.4% and 7.2-42.9% for P. gin-
givalis; 0-6.3% and 6.3-31.6% for A. actinomycetemcomitans) (Boutaga
et al., 2005; Lau et al., 2004). These differences could be explained by
the improvement in detection limits obtained the qPCR technology (10>
CFU/mL) compared to bacterial culture techniques (10* CFU/mL,
Boutaga et al., 2005). Furthermore, qPCR technology detects DNA of
viable and non-viable bacteria, whereas culture detects only alive
bacteria.

A common limitation of QPCR was also highlighted in the present
study. When low concentrations of DNA of the targeted bacteria (< 10>
or 10! CFU/ml) were mixed with higher DNA concentrations of non-
target bacterial cells (DNA > 10° CFU/mL), unspecific amplifications
were detected in both m-qPCR and qPCR, what may indicate that cross
reactions could only occur under these conditions. In daily practice, this
should not be a problem, since levels higher than 10® CFU/mL of spe-
cific bacteria are not usually detected in clinical samples (Lau et al.,
2004; Teles, Teles, Frias-Lopez, Paster, & Haffajee, 2013). Such cross
reactions determinate the detection limit of qPCR (around 10% CFU/
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mL), value which can vary minimally depending on the environmental
conditions and the type of sample analysed (Figuero et al., 2014; Marin
et al., 2017).

A specific limitation of this investigation was that only two bacterial
species were targeted. We need to optimise this m-qPCR assay for the
identification of other key periodontal pathogens associated with per-
iodontitis, such as Tannerella forsythia, Parvimonas micra or Treponema
denticola.

5. Conclusion

A single tube multiplex one-step qPCR was validated for the de-
tection of A. actinomycetemcomitans and P. gingivalis in clinical samples.
The results have showed that m-qPCR assay could streamline the testing
of both periodontal bacteria and replace qPCR assays, thus reducing
time and labor while retaining a similar sensitivity and specificity.
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ARTICULO #4:

“Validacion de qPCR maultiple para la deteccion y cuantificacion de
Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis y
Tannerella forsythia en muestras subgingivales. Una comparacion con el

cultivo anaerobio”

Objetivo: Validar un ensayo de reacciéon en cadena de la polimerasa cuantitativa
multiple en tiempo real (m-qPCR) para la detecciéon y cuantificacion simultanea de 4.
actinomycetemcomitans, P. gingivalis y 1. forsythia en muestras subgingivales, en comparacion

con el cultivo anaerobio directo.

Material y métodos: Se obtuvieron muestras de placa subgingival de pacientes en
diferentes fases del tratamiento periodontal. Las muestras se procesaron en paralelo
mediante cultivo anaerobio y m-qPCR dirigido a las especies bacterianas objetivo. Los
recuentos y la frecuencia de deteccion se calcularon y analizaron mediante pruebas U
de Mann-Whitney y Chi-cuadrado, respectivamente. Se construyeron tablas de
contingencia y se calcularon la sensibilidad, la especificidad, los valores predictivos y los

coeficientes de correlacion de Lin.

Resultados: Se incluyeron 59 muestras en el estudio. Se logré6 una buena
concordancia entre m-qPCR vy cultivo para 4. actinomycetemcomitans y P. gingwalis (acuerdo
neto, 94.92% y 91.53%, respectivamente). Para 7. forsythia, m-qPCR mostr6 recuentos
estadisticamente significativos mas altos que el cultivo (p <0.005), y baja especificidad
(3.12%) y concordancia (47.46%). Se alcanzé una alta sensibilidad (superior al 96.22%)

para las tres bacterias objetivo con m-qPCR.

Conclusion: En comparacion con el cultivo, el ensayo m-qPCR probado para
muestras subgingival mostr6 un alto grado de sensibilidad en la cuantificacion

simultanea de 4. actinomycetemcomatans, P. gingivalis y 1. forsythia.
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ARTICLE INFO ABSTRACT

Keywords: Objective: To validate a multiplex real time qPCR (m-qPCR) assay for the simultaneous detection and quanti-
Multiplex quantitative PCR fication of Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis and Tannerella forsythia in subgingival
Periodontitis samples, when compared with anaerobic culture.

\CIZ;:;;ZQn Material and methods: Subgingival plaque samples were obtained from patients seeking periodontal treatment.

Samples were processed in parallel by anaerobic culturing and by m-qPCR directed to the target bacterial
species. Counts and frequency of detection were calculated and analyzed by Mann-Whitney U and chi-square
tests, respectively. Contingency tables were constructed, and sensitivity, specificity, predictive values and Lin’s
correlation coefficients were calculated.

Results: Fifty-nine samples were included in the study. A good concordance was achieved between m-qPCR and
culture for A. actinomycetemcomitans and P. gingivalis (net agreement, 94.92% and 91.53%, respectively). For T.
forsythia, m-qPCR showed statistically significant higher counts than culture (p < 0.005), and low specificity
(3.12%) and concordance (47.46%). High sensitivity (above 96.22%) was attained for the three target bacteria
with m-qPCR.

Conclusion: Compared to culture, the tested m-qPCR assay for subgingival plaque samples showed high degree of
sensitivity in the simultaneous quantification of A. actinomycetemcomitans, P. gingivalis and T. forsythia.

1. Introduction

Periodontitis is a chronic inflammatory disease triggered by a dys-
biotic biofilm and characterized by the destruction of the tooth-sup-
porting periodontal tissues (Papapanou et al., 2018). Bacterial species,
such as Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans
and Tannerella forsythia have been considered pathogens with strong
association with periodontitis (Socransky, Haffajee, Cugini, Smith, &
Kent, 1998) and in particular, P. gingivalis has been identified as a
keystone pathogen, triggering the dysbiotic state that disturbs the
community of commensal microorganisms and, provokes an unresolved
chronic inflammation (Hajishengallis & Lamont, 2012; Sanz et al.,
2017).

For decades, the reference method to identify and quantify period-
ontal pathogens has been anaerobic culturing (Sanz, Lau, Herrera,
Morillo, & Silva, 2004). This method has the advantage to target mul-
tiple bacterial species simultaneously, to detect unexpected bacteria
and to test for antimicrobial susceptibilities (Atieh, 2008). However,
many of the bacterial species present in the subgingival biofilm are not
cultivable, either due to their stringent environmental conditions or to
the inherent limitations of the bacterial culturing. In addition, this
technique is relatively time-consuming and labor-intensive. To over-
come these drawbacks, non-cultural molecular methods have been de-
veloped for the microbiological diagnosis of subgingival samples,
mainly those based on the detection highly specific 16S rRNA genes by
polymerase chain reaction (PCR), and those able to quantify

Abbreviations: BOP, bleeding on probing; CFU/mL, colony forming units/mL; PD, probing depth; m-qPCR, multiple real-time quantitative polymerase chain reaction
* Corresponding author at: Etiology and Therapy of Periodontal Diseases (ETEP) Research Group, Faculty of Odontology, Plaza Ramén y Cajal, s/n (Ciudad

Universitaria), 28040, Madrid, Spain.

E-mail addresses: mjmarin@ucm.es (M.J. Marin), nambrosio@ucm.es (N. Ambrosio), labmicro@odon.ucm.es (A. O’Connor), davidher@ucm.es (D. Herrera),

marsan@ucm.es (M. Sanz), elfiguer@ucm.es (E. Figuero).

https://doi.org/10.1016/j.archoralbio.2019.04.014

Received 6 December 2018; Received in revised form 27 March 2019; Accepted 24 April 2019

0003-9969/ © 2019 Elsevier Ltd. All rights reserved.



M.J. Marin, et al.

uncultivable, slow growing and fastidious bacteria, such as the real-
time quantitative PCR (qPCR) (Boutaga, van Winkelhoff,
Vandenbroucke-Grauls, & Savelkoul, 2003; Yoshida et al., 2003). This
method, using fluorescence signals, allows for the accurate quantifica-
tion of individually targeted species, with a high sensitivity and speci-
ficity (Boutaga, Savelkoul, Winkel, & van Winkelhoff, 2007; Marin,
Figuero, Herrera, & Sanz, 2017).

Several studies have assessed the accuracy of qPCR compared to
bacterial culturing, to identify and quantify A. actinomycetemcomitans
and P. gingivalis, using clinical samples from both healthy and period-
ontitis subjects (Boutaga, van Winkelhoff, Vandenbroucke-Grauls, &
Savelkoul, 2005; Boutaga, van Winkelhoff, Vandenbroucke-Grauls, &
Savelkoul, 2006, 2007; Jervoe-Storm, Koltzscher, Falk, Dorfler, &
Jepsen, 2005; Kotsilkov, Popova, Boyanova, Setchanova, & Mitov,
2015; Lau et al., 2004; Westphal, Nonnenmacher, & Jehl, 2005). These
studies have reported that qPCR provides high diagnostic accuracy
(Atieh, 2008) with high sensitivity, specificity and positive predictive
value (Tomas et al., 2017). To optimize this methodology, a multiplex
qPCR (m-qPCR) was recently developed, for the simultaneous identifi-
cation and quantification of P. gingivalis and A. actinomycetemcomitans,
(Marin, Ambrosio, Herrera, Sanz, & Figuero, 2018), and when com-
pared to simple qPCR it demonstrated a high degree of sensitivity and
specificity. However, this method needs to be validated against the gold
standard in bacterial identification methods (anaerobic culturing). It
was, therefore, the purpose of this investigation to validate a m-qPCR
assay, using subgingival plaque samples and targeting for P. gingivalis,
A. actinomycetemcomitans and T. forsythia, by comparing this method
with conventional culture.

2. Material and methods
2.1. Study design

This study was designed as a cross-sectional study aiming to validate
a microbial diagnostic assay (m-qPCR). STARD guidelines for reporting
diagnostic accuracy studies were followed (Bossuyt, Cohen, Gatsonis,
Korevaar, & Grp, 2016).

2.2. Study population

Consecutive subgingival clinical samples from different sources
(private dental clinics, university clinics and clinical research studies),
received for microbiological culture analysis in the Laboratory of
Microbiology (Faculty of Dentistry, University Complutense of Madrid,
Spain), from September to December of 2017, were selected for this
study. These samples were taken from patients at different stages
during their therapy: before treatment, after scaling and root planing
(post-SRP), after periodontal surgery or during supportive periodontal
therapy (SPT).

Table 1
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2.3. Clinical information

The received subgingival samples included relevant information
from the patients (age, gender, smoking habit, recent antibiotic con-
sumption) as well as periodontal clinical data from the sampling sites:
probing depth (mm) (PD), recession (mm), plaque index (presence/
absence) and bleeding on probing (BOP) (presence/absence) (Ainamo &
Bay, 1975).

2.4. Sampling

In each patient, four sampling sites were selected, one in each
quadrant, choosing those most accessible and with deepest PD and BOP
(Mombelli, McNabb, & Lang, 1991). At the selected sites, supragingival
plaque was removed and the sites were dried with sterile cotton rolls
and air. Two consecutive sterile paper points (#30, Maillefer, Ballai-
gues, Switzerland) were inserted into the pocket as deep as possible,
and left in place for 10s. The paper points were pooled within a vial
containing 2mL of reduced transport fluid (RTF) (Syed & Loesche,
1972), which was kept at 4°C and sent to the laboratory to be pro-
cessed, within 14-36 h, by means of anaerobic culturing and m-qPCR.

2.5. Anaerobic culture procedures

Half of the subgingival sample material was processed according to
the anaerobic cultural methodology previously described in scientific
reports from our research group (Oteo et al., 2010). In brief, samples
were homogenized by vortexing (Dahlén, Renvert, Wikstrom, &
Egelberg, 1990) and serially diluted in phosphate buffer saline (PBS).
The aliquots were plated in the specific medium Dentaid-1, for the
detection of A. actinomycetemcomitans (Alsina, Olle, & Frias, 2001) and
incubated for 5 days in air with 5% CO, at 37 °C. Sample dilutions were
also plated onto a non-selective blood agar medium (Blood Agar Base
II°, Oxoid, Basingstoke, England), supplemented with haemine (5 mg/
L), menadione (1 mg/L) and 5% sterile horse blood, for the detection of
P. gingivalis and T. forsythia, and incubated for 14 days in anaerobiosis
(80% N, 10% CO, and 10% Hy).

2.6. Real-time quantitative PCR

2.6.1. DNA extraction

Bacterial DNA from each sample was extracted using a commercial
kit (MolYsis Complete5. MolzymGmbh & Co.KG. Bremen, Germany)
following manufacturer’s instructions (the protocol for bacterial DNA
extraction was followed from step 6 since steps 1-5 were used only for
blood samples). The extracted DNA was eluded in 100 pL of sterile
water (Roche) and frozen at —20 °C for further analysis.

2.6.2. qPCR assay
Subgingival samples were processed by m-qPCR following the
method described in a recent publication (Marin et al., 2018). In brief,

Primers and probe used for multiplex quantitative polymerase chain reaction (m-qPCR) amplification.

Bacteria

Sequence (5-3")

A. actinomycetemcomitans (Boutaga et al., 2005; Marin et al., 2018)

P. gingivalis
(Boutaga et al., 2003; Marin et al., 2018)

T. forsythia
(Boutaga et al., 2005)

Primer F: GAA CCT TAC CTA CTC TTG ACA TCC GAA
Primer R: TGC AGC ACC TGT CTC AAA GC
Probe: FAM-AGA ACT CAG AGA TGG GTT TGT GCC TTAGGG-TAMRA

Primer F: GCGCTCAACGTTCAGCC
Primer R: CACGAATTCCGCCTGC
Probe m-qPCR: HEX5"-CACTGAACTCAAGCCCGGCAGTTTCAA-BHQ1

Primer F: GGG TGA GTA ACG CGT ATG TAA CCT
Primer R: ACC CAT CCG CAA CCA ATA AA
Probe m-qPCR: Red610- CCC GCA ACA GAG GGA TAA CCC GG-3BHQ2

F: Forward primer; R: Reverse primer; FAM: 6-carboxyfluorescein; TAMRA: 6-carboxytetramethylrhodamine; BHQ: Black Hole Quencher.
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Table 2
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Frequency of detection, mean and medians in positive plaque samples for A. actinomycetemcomitans, P. gingivalis and T. forsythia by culture and multiplex quantitative

polymerase chain reaction (m-qPCR).

Culture m-qPCR p value
A. actinomycetemcomitans Global prevalence, n (%) 6 (10.17) 9 (15.25) 0.407
Mean count, CFU/mL (SD) 9.99 x 10° (3.63 x 10%)
9.22 x 10%(4.15 x 10%)
Median, CFU/mL (IR) 0 (0) 0.483
0 (0
P. gingivalis Global prevalence, n (%) 53 (8983) 54 (91.52) 0.752
Mean count, CFU/mL (SD)
7.49 x 10° (1.41 x 10”) 7.40 x 10° (1.11 x 10”)
Median, CFU/mL (IR) 0.538
1.48 x 10° (7.40 x 10°) 3.45 x 10° (9.19 x 10°)
T. forsythia Global prevalence, n (%) 27 (45.76) 58 (98.31) < 0.001
Mean count, CFU/mL (SD)
5.36 x 10° (1.12 x 10°) 2.45 x 107 (3.16 x 107)
Median, CFU/mL (IR) < 0.001

0 (5.00 x 10°)

1.47 x 107 (3.10 x 107)

CFU: Colony forming units; SD: standard deviation; IR: Interquartile range.

the sequence of primers and hydrolysis probes, described in Table 1,
were used, targeting 16S ribosomal-RNA (rRNA) genes for P. gingivalis,
A. actinomycetemcomitans and T. forsythia, as reported previously
(Boutaga et al., 2005; Marin et al., 2018). PCR amplification was per-
formed in a total reaction mixture volume of 10 uL, which included 5 uL
of 2 x TagMan master mixture (LC 480 Probes Master, Roche Diagnostic
GmbH, Mannheim, Germany), optimal concentrations of primers and
hydrolysis probe (300, 300 and 200 nM for A. actinomycetemcomitans;
300, 300 and 300 nM for P. gingivalis and 300, 300 and 200 nM for T.
forsythia) and 2.5 pL of DNA from the samples. The no-template control
(NTC) consisted on 2.5 pL of sterile water. Samples were subjected to an
initial amplification cycle of 95 °C for 10 min, followed by 40 cycles at
95°C for 15s and 60 °C for 1 min in LightCycler® 480 II thermocycler
(Roche Diagnostic GmbH, Mannheim, Germany). All assays were de-
veloped with a linear quantitative detection range established by the
slope range of 3.3-3.6 cycles/log decade, r2 > 0.997 and an efficiency
range of 1.9-2.0.

Bacterial quantification was determined from the standard curves.
The standard curve for each bacteria was developed by isolating the
DNA of the bacteria containing 10® colony-forming units (CFU) mL™?,
and then performing 10-fold serial dilutions for each DNA on sterile
water. After running qPCR, a cross point cycle (Cp) value was obtained
for each bacterial dilution, what allowed the determination of the
bacterial concentration.

2.7. Statistical analysis

The primary outcome variable was the concentration of each target
bacterial species. Quantitative results were expressed as colony forming
units (CFU) per mL, in median values and interquartile range (IR) and
mean values and standard deviation (SD). Secondary outcomes were
the prevalence of target pathogens (expressed as proportions) and the
clinical variables of the sampled sites (PD, BOP, REC, PII; expressed as
means and SD). The unit of analysis was the patient.

After evaluating the normality of the distribution (assessed by
Kolmogorov-Smirnov test and box-plots), differences between both
methods were compared by Mann Whitney U-test, in case of quantita-
tive variables, and chi-square test, in case of categorical variables.

Qualitative results (presence or absence of each pathogen), using
both diagnostic methods, were presented in contingency tables. All
diagnostic parameters (sensitivity, specificity, positive and negative
predictive values and positive and negative likelihood ratios) were
calculated using culture as the diagnostic reference. This analysis was
repeated using m-qPCR as the diagnostic reference standard.

In order to determine the concordance of m-qPCR, when compared
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to culture, Passing-Bablok estimation of regression lines and Lin's
concordance correlation coefficients of absolute agreement were de-
termined (Marin et al., 2018; Marin, Ambrosio et al., 2017). In this
regression procedure, the slope B and intercept A were calculated with
their 95% confidence intervals (CI), to evaluate the existence of con-
stant or proportional differences between methods. In addition, the
global agreement and kappa values were calculated. Results were
considered statistically significant at p < 0.05. A software package
(IBM SPSS Statistics 21.0; IBM Corporation, Armonk, NY, USA) was
used for all data analysis.

3. Results

From the 75 samples received during the predetermined period, 16
were discarded due to technical problems associated with the anaerobic
incubation and therefore, a total of 59 samples were included in this
investigation. The clinical data from the sampled sites are depicted in
Tables S1, S2 and Fig. S1. PD ranged from 2.75mm (SD = 0.66), cor-
responding to patients in SPT, to 6.91 mm (SD = 1.20), in untreated
patients. BOP also ranged from 18.75% (SD = 37.50%) to 91.03%
(SD = 20.27%), respectively, in both groups of patients.

Table 2 shows the global prevalence and median counts (CFU/mL)
of A. actinomycetemcomitans, P. gingivalis and T. forsythia, identified by
culture and m-qPCR. Similar median counts and prevalences were de-
tected with culture and with m-qPCR for A. actinomycetemcomitans and
P. gingivalis. In contrast, for T. forsythia, statistically significant lower
median counts (0 versus 1.47 x 107 CFU/mL, respectively) and fre-
quencies of detection (45.76% versus 98.31%, respectively) were ob-
served for culture, when compared to qPCR (p < 0.001).

When assessing the results from untreated periodontitis subjects,
similar frequencies of detection were obtained with both techniques for
P. gingivalis (95.45%) and A. actinomycetemcomitans (11.36% versus
18.18%). However, for T. forsythia, lower frequencies of detection were
detected for culture compared to m-qPCR (47.72% versus 100%, re-
spectively).”

Table 3 depicts the contingency tables comparing the detection of
each target bacterial species with each diagnostic method, providing
the sensitivity, specificity and the predictive values of m-qPCR, when
bacterial culture was used as the reference. For A. actinomycetemcomi-
tans, the sensitivity and negative predictive values were 100%, and the
specificity and positive predictive value were 94.34% and 66.67%, re-
spectively. For P. gingivalis, the sensitivity and positive predictive value
were high (96.22% and 94.44%, respectively) while the specificity and
negative predictive values were 50% and 60%, respectively. Finally, the
sensitivity and negative predictive values were high (100%), while the
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Table 3
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Contingency tables comparing the detection of each target bacterial species and validity of multiplex quantitative polymerase chain reaction (m-qPCR) using

bacterial culture as the reference standard.

actinomycetemcomitans P. gingivalis T. forsythia
Cult+ Cult - Cult+ Cult - Cult+ Cult —
Contingency tables
m-qPCR + samples 6 3 51 3 27 31
m-gPCR - samples 0 50 2 3 0 1
Validity
Sensitivity 100.00 96.22 100.00
Specificity 94.34 50.00 3.12
PPV 66.67 94.44 46.55
NPV 100.00 60.00 100.00

Cult+: culture positive samples; Cult-: culture negative samples; m-qPCR +: m-qPCR positive samples; m-qPCR: m-qPCR negative samples; PPV: positive predictive

value; NPV: negative predictive value.

Table 4
Diagnostic validity of bacterial culture using multiplex quantitative polymerase
chain reaction (m-qPCR) as reference standard.

actinomycetemcomitans P. gingivalis T. forsythia
Sensitivity 66.67 94.44 46.55
Specificity 100.00 60.00 100.00
PPV 100.00 96.22 100.00
NPV 94.34 50.00 3.12

PPV: positive predictive value; NPV: negative predictive value.

specificity was low (3.12%) for T. forsythia.

Table 4 reports the diagnostic validity of bacterial culturing when
m-qPCR was considered as the diagnostic reference standard. For A.
actinomycetemcomitans and T. forsythia, the specificity and positivity
predictive value were 100%, while sensitivity and negative predictive
value for T. forsythia was low (46.55% and 3.12%, respectively). Sen-
sitivity and positive predictive value for P. gingivalis were high (94.44%
and 96.22%, respectively) while specificity and negative predictive
values were 60% and 50%, respectively.

3.1. Concordance

Results on concordance are presented in Tables 5 and 6. Multiplex-
qPCR reported similar mean counts of A. actinomycetemcomitans and P.
gingivalis when compared with culture, demonstrating a high con-
cordance (correlation coefficient, r = 0.92 and r = 0.58, respectively)
between both methods. When comparing both methods, no statistically
significant differences in the relative proportions of these target bac-
teria were found. However, for T. forsythia, the correlation coefficient
(r = 0.004) and the concordance values were low (kappa = 0.03).

Table 5

Table 6

Diagnostic concordance for multiplex quantitative polymerase chain reaction
(m-qPCR) with the reference standard for A. actinomycetemcomitans, P. gingivalis
and T. forsythia with global agreement and kappa values.

Bacterial species Global Kappa 95% CI p value
agreement index
Lower  Upper
A. actinomycetemcomitans  94.92 0.77 0.52 1.02 < 0.001
P. gingivalis 91.53 0.49 0.12 0.88 < 0.001
T. forsythia 47.46 0.03 —0.03 0.08 0.354

CI: Confidence interval.
4. Discussion

The present investigation, designed to evaluate the diagnostic va-
lidity of a multiplex m-qPCR method for detecting and quantifying A.
actinomycetemcomitans, P. gingivalis and T. forsythia when compared to
the diagnositic reference standard, anaerobic bacterial culturing, re-
vealed that: (1) m-qPCR was able to simultaneously detect the three
target bacterial species in subgingival samples; (2) m-qPCR showed
similar prevalence and bacterial counts for A. actinomycetemcomitans
and P. gingivalis when compared to culture, with no statistically sig-
nificant differences between both methodologies; (3) m-qPCR revealed
low concordance and specificity values for T. forsythia.

The prevalence of the three target bacterial pathogens in samples
from untreated periodontitis subjects was high, when assessed by bac-
terial culturing, what is in agreement with previously reported data in
similar Spanish populations (6.3-18.8% for A. actinomycetemcomitans,
81.3-84.4% for P. gingivalis, and 25-100% for T. forsythia) (Lau et al.,
2004). Other studies have reported more heterogeneous results in dif-
ferent populations, ranging from 0 to 92.3% for A. actinomycetemco-
mitans, 10.9-93.3% for P. gingivalis and 34.4-100% for T. forsythia
(Bankur et al., 2014; Boutaga et al., 2003, 2005; D’Ercole, Catamo,

Diagnostic concordance for multiplex quantitative polymerase chain reaction (m-qPCR) with the reference standard for A.actinomycetemcomitans, P. gingivalis and T.
forsythia providing by Passing-Bablok regression intercept (A), slope (B), 95% confidence intervals (CI) and correlation coefficient (r).

Bacterial species A 95% CI B 95% CI r
Lower Upper Lower Upper
A.actinomycetemcomitans 0.00 0.00 0.00 0.75 0.12 1.30 0.924
P. gingivalis 2.01 x 102 -1.17 x 10° 6.70 x 10* 0.87 0.63 1.18 0.578
T. forsythia 1.42 x 10° 1.42 x 10° 3.54 x 10° 66.04 31.07 224.63 0.004
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Tripodi, & Piccolomini, 2008; Jervoe-Storm et al., 2005; Kotsilkov
et al., 2015; Nonnenmacher et al., 2005; Verner et al., 2006). The
heterogeneity in the prevalence of specific periodontal pathogens might
be explained by differences in patient selection, geographical origin and
the specific identification methods used.

For A. actinomycetemcomitans and P. gingivalis, the present in-
vestigation has proven that m-qPCR and anaerobic culturing showed
similar outcomes, both in counts and frequencies of detection, de-
monstrating a high degree of agreement and concordance
(91.53%-94.92%, r = 0.92). These results are in agreement with pre-
vious studies, which have shown a high diagnostic accuracy of qPCR,
when compared to cultural techniques (Boutaga et al., 2005; Jervoe-
Storm et al., 2005; Lau et al., 2004). However, the sensitivity and
specificity results may be affected by the prevalence of the target bac-
teria in the sample, since an increase in prevalence would increase the
sensibility while decreasing the specificity (Coughlin et al., 1992).

In contrast to A. actinomycetemcomitans and P. gingivalis, a low level
of concordance (47.46%) and low correlation coefficient (r = 0.004)
were observed for T. forsythia. This is also reflected by the low speci-
ficity value reported by m-qPCR (3.12%), compared to culture (only
one out of the 32 negative culture samples were confirmed by m-qPCR).
Consequently, m-gPCR yielded a significantly higher prevalence of T.
forsythia than culture. These results are also in agreement with other
studies, reporting a high sensitivity and low specificity for qPCR tech-
nique versus culture for T. forsythia (Bankur et al., 2014; Boutaga et al.,
2005; Jervoe-Storm et al., 2005; Kotsilkov et al., 2015; Lau et al., 2004;
Sakamoto, Takeuchi, Umeda, Ishikawa, & Benno, 2001). These results
could be explained by the limitations of culturing to identify this fas-
tidious bacterium, since qPCR needs a lower detection threshold for its
identification and detection (Bankur et al., 2014; Paster et al., 2001).

The present investigation supports the use of m-qPCR as the most
appropriate approach for the identification of periodontal pathogens
due to the reported high specificity and positive predictive value for A.
actinontycetemcomitans and T. forsythia, and high sensitivity and positive
predictive value to P. gingivalis (Table 4), which is in agreement with
previously published studies (Boutaga et al., 2005; Kotsilkov et al.,
2015; Lau et al., 2004; Verner et al., 2006).

The present investigation, however, has also important limitations,
due to the small sample size and the use of a convenience sample. In
addition, possible problems with contamination of qPCR and the lack of
ability to distinguish between live and dead bacteria should also be
considered as limitations when using molecular techniques. In the
present study, contamination was avoided by using ultraviolet (UV)
light overnight over the benches used for the DNA extraction proce-
dures and qPCR assays (Marin, Figuero et al., 2017). To distinguish
between DNA from dead or live bacteria, the use of PMA (propidium
monoazide) has been proposed (Sanchez et al., 2013, 2014; Sanchez
et al., 2017) although this technique has not been used in clinical
samples.

Another difficulty associated with m-qPCR technology is the selec-
tion of multiple probes with different fluoresce wavelength, which al-
lows the distinction of signals from different primer/probe sets, but the
emission spectra of the fluorophores used with the qPCR may overlap,
what could produce a cross-talk between the different channels. To
solve this problem, color compensation assays were performed to cor-
rect the signals and this allowed to read each dye in the corresponding
channel, what excluded signals from neighboring fluorophores (Marin,
Figuero et al., 2017; Molenkamp, van der Ham, Schinkel, & Beld, 2007).

In summary, this study has shown that m-qPCR is a sensitive and
specific diagnostic method to identify and quantify specific bacterial
pathogens from subgingival samples, with good concordance with
anaerobic culture for A. actinomycetemcomitans and P. gingivalis.
However, for T. forsythia, a significantly higher sensitivity and pre-
dictive value were observed, when compared with culture.
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El presente trabajo de investigacion, basado en una serie de estudios, tuvo como
objetivo validar y comparar los resultados obtenidos con diferentes técnicas de
microbiologia para la deteccion de patoégenos periodontales en muestras de sangre
(Estudios 1 y 2) y en muestras subgingivales (Estudios 3 y 4) para el estudio de
bacteriemias de origen periodontal.

Se observo que, para la deteccién de bacterias patdégenas periodontales en muestras
de sangre, (1) el hemocultivo BACTEC® no pudo identificar P. gingwalis y A
actinomycetemcomutans in vitro; (2) el cultivo anaerobio directo y qPCR pudieron detectar
todas las bacterias, incluso a las concentraciones mas bajas (10! UFC/mL); y que (3), a
pesar de que 2 vitro el uso de cultivo anaerobio directo report6 los mejores resultados en
términos de concordancia, sensibilidad y especificidad, en el estudio i vwo de induccion
de bacteriemias tras cepillado interdental, qPCR fue la tnica técnica que detectd
bacterias patégenas periodontales en muestras de sangre.

Los resultados derivados de los estudios de validacion de detecciéon de bacterias
patogenas periodontales mediante el uso de qPCR multiple, revelaron que (1) el ensayo
de m-qPCR detect6 cantidades comparables de A. actinomycetemcomitans y P. gingialis en
comparacion con qPCR simple y cultivo; (2) en comparaciéon con el método de
referencia, m-qPCR mostré excelentes resultados en términos de concordancia,
sensibilidad y especificidad; y (3) m-qPCR revel6 bajos valores de concordancia y
especificidad para 7. forsythia.

1. Importancia de la validacion de una técnica microbiolégica

Las actividades relacionadas con la wverificacion y validacion de métodos
microbiolégicos tienen gran importancia, debido por un lado al continuo desarrollo y
actualizacion de técnicas cada vez mas complejas y, por otro lado, al interés de los
profesionales en garantizar la calidad de sus resultados clinicos y de investigacion.

La validacion se puede definir como “el proceso mediante el cual se establece que las
caracteristicas de rendimiento de un método o técnica cumplen los requisitos para la
aplicacion prevista". La validacion de un método, por lo tanto, sirve como aportacion
de evidencias objetivas que demuestren el cumplimiento de ciertos requisitos de una

técnica (Camaro y cols., 2013). En general, la base de la estrategia de validacion debe
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incluir los parametros de: reproducibilidad, validez, sensibilidad, especificidad, valores

predictivos positivos y negativos, y limite de detecciéon (Tabla 3).

Tabla 3. Pardmetros para el estudio de validacion

Parametros

Definicion

Reproducibilidad

El grado en el que concuerdan dos o mas mediciones de un
mismo aspecto realizadas sobre una muestra.

Capacidad de un instrumento de dar el mismo resultado en
mediciones diferentes realizadas en las mismas condiciones a lo

largo de periodos dilatados de tiempo.

Validez

Grado en el que una medicion coincide con la verdad.

Es el grado en el que los resultados de una medicion
corresponden al fenémeno real que se mide (“la verdad”).

Los parametros de validez interna son: la sensibilidad y

especificidad.

Sensibilidad

Capacidad para detectar la enfermedad entre los enfermos.
Probabilidad condicionada de obtener un resultado positivo en la
prueba si la muestra presenta la enfermedad.

Especificidad

Capacidad para detectar la salud entre los sanos. Probabilidad
condicionada de obtener un resultado negativo en la prueba si la

muestra no presenta la enfermedad.

Valor predictivo

positivo

Probabilidad de que una muestra con un valor positivo en la

prueba tenga la enfermedad.

Valor predictivo

Probabilidad de que una muestra con resultado negativo en la

negativo prueba no tenga la enfermedad.

Es la concentraciéon mas baja posible a la que la técnica puede
Limite de detectar la bacteria objeto de estudio con cierto grado de
deteccion confianza. También se define como la concentracién mas baja

que se puede separar del ruido de fondo con cierta fiabilidad.

La importancia de validar una técnica en microbiologia periodontal, es la
implicacién tanto diagnostica, terapéutica o de investigaciéon que puedan tener los
resultados derivados de los mismos. Por lo tanto, se deben asegurar al maximo la
fiabilidad de los resultados mediante una adecuada validaciéon de las técnicas. Esto
implica que, ademas de reunir los criterios técnicos que aseguren su validez, deben ser

realizados con una serie de garantias, que permitan obtener resultados comparables. En
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este sentido, el empleo de métodos de referencia, reconocidos y aceptados, es la
herramienta mas eficaz para obtener estas garantias. Por ello, la validacién de un
método microbiologico periodontal requiere la comparaciéon del mismo con un método
de referencia, como es el cultivo.

En cuanto a las técnicas microbiolégicas de deteccion de bacterias en sangre, so6lo un
estudio previo habia analizado este tipo de parametros de validaciéon, y sélo
comparando dos técnicas (Castillo y cols., 2011). Existen estudios donde han utilizado
mas de una técnica a la vez, pero sin hacer ningin tipo de comparacion estadistica entre
ambas (Kinane y cols., 2005, Padilla y cols., 2007, Balejo y cols., 2017). En cuanto a las
muestras subgingivales, en este caso si que existe literatura comparando diferentes
técnicas y usando estos parametros de validacién, sobre todo en aquellos estudios donde
se ha comparado el cultivo anaerobio con nuevas técnicas moleculares como la qPCR
simple (Lau y cols., 2004). Por ello, se debe resaltar que la investigacién sobre las
técnicas a utilizar en muestras de estudios de bacteriemia de origen periodontal no
habia sido evaluada con anterioridad a las investigaciones que forman parte de este

trabajo.

2. Validacion de los métodos para la deteccion de bacterias

patogenas periodontales en muestras de sangre

Se estima que, en pacientes con periodontitis, debido a la mayor prevalencia y
cantidad de bacterias en el biofilm subgingival, existe un mayor riesgo de bacteriemia.
Sin embargo, los estudios publicados han encontrado resultados contradictorios en
cuanto a datos de prevalencia.

Los sistemas automatizados de hemocultivo (como el sistema BACTEC®) han sido el
método de diagnoéstico mas utilizado para identificar patdogenos periodontales en sangre
periférica (Tabla 2) y se ha considerado la referencia estandar en la investigaciéon de
bacteriemia médica. Sin embargo, los resultados de la presente investigacion (Estudio 1),
demostraron que el sistema BACTEC® no pudo detectar en muestras de sangre
patogenos periodontales clave como P. gingwalis. La presencia de resultados falsos
negativos por este sistema puede estar relacionado con las dificultades inherentes al

cultivo de algunas bacterias “fastidiosas” especificas como P gmngwalis y A



actinomycetemcomutans, que requieren medios de cultivo especificos, o condiciones
especiales para crecer: por ejemplo, hemina para P. gingiwalis (Gibbons y Macdonald,
1960), o medio Dentaid-1 suplementado con vancomicina para A. actinomycetemcomitans
(Alsina y cols., 2001). Asi que la eleccion del subcultivo posterior de este método es clave
para poder identificar bacterias patégenas periodontales. Ademas, esta técnica carece de
informacion para estudiar la magnitud de la bacteriemia que puede ocurrir en un
paciente con periodontitis.

En cuanto a la técnica de lisis-centrifugacion, se ha considerado como la técnica de
cultivo cuantitativa mas sensible para la recuperacién de bacterias en el torrente
sanguineo en el ambito hospitalario (Zhang y cols.,, 2013). Sin embargo, en
comparacion con otras técnicas de cultivo, como el cultivo anaerobio directo, requiere
volimenes de sangre mayores (al menos de 5 mL), los costes de procesado son mayores
debido a la utilizacién de viales especiales y, ademas, en el Estudio 1 se ha observado
cierta subestimacion en la cuantificacién bacteriana. Sin embargo, a diferencia de lisis
centrifugacion, la técnica de cultivo anaerobio directo (técnica de referencia estandar en
microbiologia periodontal) nunca se ha utilizado antes en investigaciones de
bacteriemias de origen periodontal.

El cultivo anaerobio directo tiene diferentes ventajas a la hora de ser utilizado para el
estudio de bacteriemias de origen periodontal: el volumen de sangre requerido es
inferior (2 mL, en comparacién a los 5 mL o 10 mL necesarios en lisis y BACTEC®,
respectivamente), un tiempo de procesamiento mas reducido, un procesamiento de
muestra mas simple (ya que solo requiere el cultivo directo de muestras en un medio de
agar adecuado) y el costo relativamente mas bajo, en comparacién con lisis
centrifugacion. Estas consideraciones pueden llevar a considerar el cultivo anaerobio
directo como la técnica mas apropiada para el analisis de bacteriemias de origen
periodontal. Ademds, se ha considerado el estandar de referencia en el analisis
microbiolégico de muestras subgingivales (Sanz y cols., 2004) y, por tanto, tanto las
muestras orales como las de sangre podrian procesarse con la misma tecnologia dentro
del mismo paciente.

Sin embargo, las técnicas que dependen del cultivo tienen desventajas importantes.
Algunos de los inconvenientes pueden superarse mediante técnicas moleculares, como
qPCR, que ha demostrado una alta sensibilidad en la deteccién de bacterias patégenas
periodontales, como P. gingivalis, A. actinomycetemcomitans y 1. forsythia a nivel subgingival

(Boutaga y cols., 2003, Lau y cols., 2004, Morillo y cols., 2004). Autores como Lockhart
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et al. y Kinane et al. complementan el sistema de hemocultivo con una técnica
cualitativa basada en PCR. En el caso de Kinane et al. (Kinane y cols., 2005), se
observo que la prevalencia del 3% obtenida con hemocultivo se increment6 hasta el
13% cuando se analiz6 con PCR. Estos resultados pueden fortalecer la importancia de
utilizar técnicas microbiologicas apropiadas, con medios de cultivo especificos o técnicas
moleculares. En el presente estudio de investigacion m viwo (Estudio 2) se observo que
qPCR pudo detectar A. actinomycetemcomitans y P. gingwalis en dos pacientes con
periodontitis después del cepillado interdental.

Este trabajo incluye el primer estudio i vitro e i vivo aplicando técnicas relevantes en
microbiologia periodontal (cultivo anaerobio directo y qPCR) para optimizar la
deteccion de bacterias patdégenas periodontales en sangre. Ademas, la ventaja anadida
de poder utilizar estas técnicas, es la posibilidad de poder emplear las mismas técnicas
para la deteccion de A. actinomycetemcomitans y P. gingiwalis a nivel subgingival. Esto podria
dar lugar al posible analisis de correlacion entre muestras de sangre y subgingivales en el
mismo paciente. Pocos son los estudios que analizan este aspecto en el ambito de
bacteriemia de origen periodontal, y aquellos que analizan ambos tipos de muestras no
realizan analisis de correlacion. En cuanto al resultado obtenido en esta investigacion
(Estudio 2), se observé una correlacion positiva y estadisticamente significativa entre los

niveles de 4. actinomycetemcomitans en sangre y muestras subgingivales.

3. Validacion de las técnicas moleculares para la deteccion y
cuantificacion de bacterias patogenas periodontales en

muestras subgingivales

Durante muchos anos, el cultivo anaerobio directo se ha considerado el método
estandar de referencia para la deteccion de patéogenos periodontales que residen en el
biofilm subgingival (Sanz y cols., 2004). Sin embargo, esta técnica tiene limitaciones
claras. Ademas, los recuentos de UFC/mL no son un verdadero recuento celular (las
células individuales son de naturaleza especial, lo que lleva a que la UFC sea una
subestimacion de la cantidad de bacterias presentes). A esto se le suma la dificultad de
detectar concentraciones o niveles bajos de bacterias, teniendo un limite de deteccion de

103a 10* UFC/mL (Boutaga y cols., 2003, Jervoe-Storm y cols., 2005).
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Para superar estas limitaciones, se han desarrollado técnicas basadas en métodos
moleculares, como la técnica de reaccién en cadena de la polimerasa (PCR). Estudios
previos han demostrado una alta sensibilidad y especificidad de la tecnologia qPCR en
la deteccion y cuantificacion de bacterias periodontales tales como P. gingwalis, A.
actonomycetemcomitans o 1. forsythia (Morillo y cols., 2004) y, en comparaciéon con las
técnicas de cultivo anaerobio directo (Lau y cols., 2004). Ademas, la qPCR tiene un
limite de deteccion entre 10! a 102 UFC/mL pudiendo asi detectar mas muestras
positivas que el cultivo debido a sus excelentes limites de deteccién en comparacion con
el cultivo.

Recientemente, una modalidad diferente de qPCR, qPCR multiple se ha utilizado
con éxito en el diagnodstico microbiolégico médico (Puenpa y cols., 2017). El ensayo m-
qPCR lleva el analisis un paso mas alla, permitiendo la amplificacién simultanea de
diferentes secuencias objetivo de la misma muestra, lo que implica una clara reduccion
en el tiempo y el costo (Bolivar y cols., 2014). Ademas, permite la utilizaciéon de una
cantidad menor de muestra, pudiendo asi conservar mayor cantidad de muestras para
futuros analisis. Sin embargo, s6lo dos autores han utilizado esta técnica para la
deteccion de patdégenos periodontales, pero ninguno habia validado ni comparado con
otra técnica la deteccion de bacterias patdégenas periodontales (Milne y cols., 2016,
Coffey y cols., 2016). Milne et al. (2016) desarrollaron un ensayo multiplex dirigido a
muestras de placa subgingival, pero utilizando cebadores dirigidos a genes de copia
unica (Rgpa e IIkA), en lugar de secuencias de 16S rRNA. La mayoria de los ensayos de
g-PCR en tiempo real para la cuantificacion de 4. actinomycetemcomitans y P. gingialis usan
secuencias 16S rRNA, una pequena subunidad de ADN presente en todas las especies
bacterianas que contiene secuencias especificas de especies altamente conservadas.

La presente investigacién ha demostrado que m-qPCR y el cultivo anaerobio directo
mostraron resultados similares, tanto en recuentos como en frecuencias de deteccion,
demostrando un alto grado de acuerdo y concordancia, para 4. actinomycetemcomitans y P.
gingwalis. Estos resultados estan de acuerdo con estudios previos, que han demostrado
una alta precision diagnostica de qPCR, en comparaciéon con las técnicas de cultivo
(Lau y cols., 2004, Jervoe-Storm y cols., 2005). Sin embargo, se observo un bajo nivel de
concordancia y un bajo coeficiente de correlacion para 7. forspthia. Esto también se
refleja en el bajo valor de especificidad de m-qPCR, en comparaciéon con el cultivo (ya
que muchas de las muestras que daban negativo para el cultivo, dieron positivas con m-

qPCR). En consecuencia, m-qPCR produjo una prevalencia significativamente mayor
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de T. forsythia que el cultivo. Estos resultados también estan de acuerdo con otros
estudios, informando una alta sensibilidad y baja especificidad para la técnica qPCR
versus cultivo para 1. forsythia (Sakamoto y cols., 2001, Jervoe-Storm y cols., 2005,
Boutaga y cols., 2007, Kotsilkov y cols., 2015). Estos resultados podrian explicarse por
las limitaciones del cultivo anaerobio directo para identificar este patéogeno periodontal,
ya que qPCR necesita un umbral de deteccion mas bajo para su identificaciéon y
deteccion.

En el contexto de un ensayo de qPCR multiple, uno de los inconvenientes de este
método son las posibles reacciones cruzadas que puedan detectar ADN no objeto de
estudio. En este presente estudio de investigacion (Estudios 3 y 4), se observoé que
cuando se mezclaron concentraciones bajas del ADN objeto de estudio (<102 o 10!
UFC/mL) con concentraciones mayores de ADN de células bacterianas no diana
(ADN> 107 UFC/mL), se detectaron amplificaciones inespecificas en m-qPCR y qPCR.
Esto puede indicar que las reacciones cruzadas solo pueden ocurrir en estas condiciones.
En la practica diaria, esto no deberia ser un problema, ya que los niveles superiores a
107 UFC/mL de bacterias especificas generalmente no se detectan en muestras clinicas
(Lau y cols., 2004, Teles y cols., 2013). Dichas reacciones cruzadas determinan el limite
de deteccion de m-qPCR (alrededor de 10> UFC/mL), valor que puede variar
minimamente segun las condiciones ambientales y el tipo de muestra analizada (Figuero
y cols., 2014). Otra dificultad asociada con la tecnologia m-qPCR es la seleccion de
multiples sondas con diferente longitud de onda de fluorescencia, lo que permite la
distincién de senales de diferentes conjuntos de cebadores/sondas, pero los espectros de
emision de los fluorodforos utilizados con el gPCR pueden superponerse, lo que podria
producir un didlogo cruzado entre los diferentes canales. Para resolver este problema,
en el presente trabajo de investigacion (Estudio 4) se realizaron ensayos de
compensaciéon de color para corregir las sefiales y esto permiti6 leer cada sonda en el
canal correspondiente, lo que excluy6 las sefiales de los fluoréforos vecinos (Molenkamp

y cols., 2007).



4. ¢Un antes y un después de los estudios de bacteriemias de

origen periodontal?

Los primeros estudios que analizaron bacteriemias tras procedimientos
periodontales, tales como la higiene bucodental o una profilaxis profesional, datan de los
anos 1970 (Sconyers y cols., 1973, Madsen, 1974, Silver y cols., 1977). Para ello, se
traslad6é todo el conocimiento de estudios de bacteriemia a nivel hospitalario para
analizar los episodios de bacteriemia tras procedimientos periodontales. El objetivo
inicial de estos estudios era, principalmente, corroborar episodios de bacteriemia a nivel
cualitativo tras diferentes manipulaciones periodontales, reparando principalmente en
analizar la prevalencia y, de modo muy genérico, el tipo de bacterias encontradas, sin
profundizar especificamente en la deteccion de bacterias patéogenas periodontales ni en
que pacientes serian mas susceptibles a estas bacteriemias. Los resultados de estudios
cientificos en este campo, avalan el paso de patégenos periodontales a sangre (Tomas y
cols., 2012, Horliana y cols., 2014). Sin embargo, aquellos estudios que detectan
bacterias patogenas periodontales lo hacen con poca prevalencia, y pocos son los
estudios que analizan la magnitud de esas bacteriemias (Zhang y cols., 2013, Balejo y
cols., 2017). A pesar de ello, estos resultados son positivos y confirmarian que las
bacterias patogenas periodontales son capaces de pasar al torrente sanguineo y alcanzar
localizaciones distantes al ambito subgingival, dando robustez asi a la via directa entre la
relacion de la periodontitis con diferentes patologias sistémicas.

Se ha descrito que no sélo es importante valorar qué procedimientos conducen a un
episodio de bacteriemia, sino que el estado periodontal de esos pacientes tiene influencia
en esos episodios. Se ha observado que la inflamaciéon periodontal esta directamente
relacionada con mayores prevalencias en bacteriemia (Tomas y cols., 2012, Daly y cols.,
2001). A su vez, se ha descrito que los pacientes con periodontitis presentas mayores
recuentos y presencias de bacterias patégenas periodontales a nivel subgingival. En ello
radica la relevancia de la hipotesis de que los pacientes con periodontitis, con mayores
recuentos de bacterias patogenas periodontales, puedan sufrir con mas frecuencia
eventos de bacteriemia, que serian mas duraderos, con mayor cantidad de bacterias, y
siendo las especies involucradas mas patéogenas. Seria interesante, por tanto, valorar si la
carga bacteriana o perfiles especificos a nivel subgingival estarian relacionas con
episodios mas severos de bacteriemias. Ademas, el correlacionar lo encontrado en

sangre y a nivel subgingival, da lugar a la valoracion de un posible umbral de
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bacteriemia. Hasta la fecha s6lo un ntmero reducido de estudios de bacteriemia de
origen periodontal analizan muestras subgingivales de esos pacientes; y los que lo hacen
no tratan de establecer correlaciones, sino que solo describen los resultados (Padilla y
cols., 2007, Morozumi y cols., 2010, Castillo y cols., 2011, Balejo y cols., 2017).

Por ello, teniendo en cuenta lo que sabemos de microbiologia periodontal para la
identificacién de bacterias patoégenas periodontales clave, gracias a los avances en las
técnicas, seria apropiado utilizar métodos mas especificos para la deteccion y
cuantificacion de bacteriemias de origen periodontal. Asi, a su vez, este campo de
investigacion iria un paso mas alla, dandole mas importancia a analizar la magnitud de
patogenos periodontales que pueden pasar al torrente sanguineo y como este hecho
estaria relacionado con el ambiente disbiotico subgingival de esos pacientes. Con ello, se
reforzaria atin mas la via directa de relacién entre la periodontitis y las enfermedades
sistémicas. Por tanto, los resultados de la presente investigacién sugieren la utilizacion
del cultivo anaerobio directo y la qPCR como técnicas de eleccion para la deteccion y
cuantificacion de bacterias periodontopatdgenas en estudios de bacteriemias de origen

periodontal.

Asi pues, el objetivo de esta memoria de investigacion ha sido validar y optimizar
técnicas cuantitativas de referencia a nivel de microbiologia periodontal, para su uso a
nivel de estudios de bacteriemia de origen periodontal. Por un lado, una de las ventajas
de utilizar estos métodos seria la posibilidad de utilizar las mismas técnicas cuantitativas
para el analisis de muestras, tanto de sangre como subgingival, en un mismo paciente.
Por otro lado, la utilizaciéon de estos métodos, sobre todo los moleculares como qPCR,
mostrarian como ventajas una mayor rapidez de procesado y un menor volumen de

muestra necesario.

5. Limitaciones, puntos fuertes e implicaciones

A pesar de los resultados prometedores de esta memoria de investigacion, existen
ciertas limitaciones a tener en cuenta a la hora de interpretar todos los resultados. Por
un lado, las validaciones realizadas han sido en estudios i vifro o i vivo con un nimero

limitado de muestras y con muestras de conveniencia. Por ello, el poder extrapolar estos



resultados para asi conseguir una validez externa, es complicado. Ademas, sélo se han
utilizado tres bacterias patogenas periodontales, siendo interesante el poder validar mas
bacterias periodontopatégenas y, también, aquellas de nueva apariciéon asociadas con
periodontitis.

Sin embargo, cabe destacar que no hay estudios previos analizando este tipo de
validaciones en el ambito de la microbiologia periodontal, pudiendo asi explicar muchos
de los resultados negativos que se observan en diferentes publicaciones, respecto a la
deteccion de estas bacterias tanto a nivel de sangre como en muestras subgingivales. Por
ello, como punto fuerte de este trabajo, se puede resaltar que, para futuros estudios de
bacteriemias de origen periodontal, la utilizacién de las técnicas de microbiologia
validadas en esta investigacion debe ser recomendado.

Ademas, la correcta detecciéon de estas bacterias haria atn mas plausible la via
directa de la relacion entre la periodontitis y ciertas enfermedades sistémicas. Seria
interesante por ello ampliar la validacion de estas técnicas a futuros estudios clinicos de
bacteriemia, con estimulos periodontales mas potentes como el raspado y alisado

radicular.
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VII. CONCLUSIONES






De manera general, se puede concluir que tras la validacion de diferentes técnicas

microbiolégicas para la deteccion y cuantificacion de A. actinomycetemcomutans, P. gingwalis

y 1. forsythia, tanto en muestras de sangre como en muestras subgingivales, se sugiere

que el cultivo anaerobio directo y la qPCR son las técnicas mas relevantes para la

utilizaciéon en futuros estudios sobre bacteriemia de origen periodontal.

De manera especifica, se pueden establecer las siguientes conclusiones:

1.

El cultivo anaerobio directo y la g-PCR mostraron los mejores resultados para la
identificaciéon adecuada y la cuantificacion de A. actinomycetemcomitans y P.
gingiwalis en muestras de sangre  vitro. Ademas, la técnica convencional de
hemocultivo BACTEC® no es un método adecuado para identificar patogenos

periodontales en estudios de bacteriemia.

En el estudio de bacteriemia tras cepillado interdental, se detect6 A.
actinomycetemconutans 'y P.  gingwals mediante g-PCR en pacientes con
periodontitis. Ademas, se encontr6é una correlaciéon positiva entre los niveles de

A. actinomycetemcomitans en sangre y muestras subgingivales.

La técnica de g-PCR multiple fue exitosa en la cuantificacién simultanea de 4.
actinomycetemconutans 'y P. gingwalis, con un alto grado de sensibilidad vy
especificidad, tanto en muestras m vifro como en muestras subgingivales de

pacientes periodontalmente sanos y con periodontitis.

La técnica de g-PCR multiple es un método de diagnostico sensible y especifico

para identificar y cuantificar simultaneamente patégenos bacterianos especificos

de muestras subgingivales, con buena concordancia con el cultivo anaerobio
b

para A. actinomycetemcomitans y P. gingwalis. Sin embargo, para 1. forsythia, se

observo una mayor sensibilidad y un mayor valor predictivo, en comparacién

con el cultivo.
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