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Patients with measles or rubella infections manifest acute onset fever accompanying systemic exan-
thema, which are clinically difficult to be distinguish. Rapid diagnosis and differentiation of such
epidemic viral diseases is essential to prevent outbreaks. We developed a single-tube multiplex real-time
PCR assay for these indistinguishable viruses. We used previously-reported primer settings, with a slight
modification of reporter dye, and applied to multiplex Tagman real-time PCR by cobas z480 (Roche
Molecular Systems, Inc.). Consequently, the assay could detect 10 copies/10 pl of measles and rubella
with coefficient of variations of 11.2% and 21.8%, respectively. Strengths of our methodology include

::gez?gis'control simplicity of operation, short measurement time (2 h), uses of internal control (confirming a run of PCR),
Measles and quantitative measurement with high sensitivity. Both measles and rubella currently cause social
Rapid diagnosis outbreaks in Japan. We hope that our single-tube multiplex assay contributes to an early diagnosis,
Rubella leading to an appropriate infection control measure and prevention of epidemics.

© 2019 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

Measles and rubella have been targeted for global elimination
by the World Health Organization (WHO) [1], which requires a
well-established surveillance system to comprehend the current
trends of the diseases [2]. In Japan, measles has been declared by
the WHO to be eliminated by 2015 [3]. However, sporadic measles
outbreaks have still occurred as a result of imported infections
[4,5]. Rubella currently impacts the Japanese society as well,
particularly by increasing the incidence of congenital rubella
syndrome [6,7]. Clinical presentations of measles and rubella are
quite similar and differentiating these viral diseases, particularly
in an early stage of the clinical course, is often challenging.
Development of multiplex detection for these viruses has long
been underway and several methodologies have been reported in
the literature to date [8—12]. To establish a simpler and faster
method, we herein report another approach for simultaneous
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detection of measles and rubella using multiplex real-time
quantitative reverse transcription-PCR (qRT-PCR) test.

A 20 pL reaction mixture was composed of 10 pL of sample
templates and 10 pL reaction master mix, consisting of TagMan Fast
Virus 1-Step Master Mix (5 pL) (Thermo Fisher Scientific, Inc.,
Japan), 1 pL each of primer mixtures for measles and rubella (for-
ward primer [8 uM], reverse primer [8 uM], and probe [5 uM] for
measles; forward primer [18 puM], reverse primer [18 uM], and
probe [5 uM] for rubella), 0.5 pL of LightMix® Modular PhHV In-
ternal Control (Roche Diagnostics K.K), 2.5 puL of Nuclease-Free
Water (Thermo Fisher Scientific Inc., Japan). The primers and
probes applied to multiplex qRT-PCR are summarized in Table 1. We
referred to previous publications for the primer settings of measles
and rubella with a slight modification of the reporter dye [13—15].
Multiplex qRT-PCR assay was performed using cobas® z480 (Roche
Molecular Systems, Inc.) under a following PCR condition: reverse
transcription at 50 °C for 5 min (1 cycle), an initial denaturation at
90 °C for 20 s (1 cycle), followed by 50 cycles at 95 °C for 15 s
(amplification) and 60 °C for 1 min (extension). Wavelengths
examined were at 510 nm for measles, 580 nm for rubella, and
670 nm for the internal control. RNA standards of measles and
rubella was adjusted to 100,000 copies/10 pL and serial-diluted 10-
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Table 1
Primers and probes used in the multiplex qRT-PCR test.

Primer names Sequences (5’ - 3')

Measles MVN1139F TGGCATCTGAACTCGGTATCAC
MVN1213R TGTCCTCAGTAGTATGCATTGCAA
MVNP1163Probe  (FAM)-CCGAGGATGCAAGGCTTGTTTCAGA-

(TAMRA)

Rubella  NS(32—54)For CCTAHYCCCATGGAGAAACTCCT

NS(143—160)Rev  AACATCGCGCACTTCCCA

NS(93—-106)Probe  (VIC)-CCGTCGGCAGTTGG-(MGB)

Originally, a reporter dye of NS (93—106) Probe was FAM, instead of VIC. The primer
settings were based on previous reports [13—15].

fold with nuclease-free water to build standard curves. For the
confirmation of reproducibility of the assay, we applied vaccine
strains available (Takeda Pharmaceutical Co., Ltd., Japan). A quali-
tative detection sensitivity was set at the lowest concentrations of
the RNA standards measured.

First, we confirmed that the measles RNA was not detectable in
the single rubella detection assay and vice versa (data not shown).
As aresult of triplicate experiments for developing standard curve
(Fig. 1), averages +2 standard deviations of the slopes for measles
and rubella were —3.5 + 0.1 and —3.3 + 0.1, respectively. Also, R-
squared values, or coefficient of determinations, were
0.993 + 0.001 for measles and 0.995 + 0.008 for rubella. Five times
repeated experiments showed that qualitative detection sensi-
tivities of the assay were 10 copies/10 uL for both measles and
rubella. As for lower limits of quantification, the assay could
detect 10 copies/10 pl of measles and rubella with coefficient of
variations of 11.2% and 21.8%, respectively. We confirmed repro-
ducibility of the multiplex qRT-PCR assay by repeating indepen-
dent experiments five times each for five different viral
concentrations (10! - 10%) (Supplement Table 1). The total pro-
cedure time for this assay was approximately 2 h.

Several articles have been published on multiplex qRT-PCR assay
targeting measles and rubella. The first such challenge was re-
ported by Mosquera et al. in 2002 [8]. They used several clinical
samples including sera, pharyngeal exudates, cerebrospinal fluid,
and urine, and concluded the high sensitivity of their testing with
detection limit of 10 copies for both measles and rubella. They
included Parvovirus B19 in the multiplex assay as well. However,
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viral amplification was confirmed by gel electrophoresis, making
the process laborious, complicated, potentially contaminating, and
time-consuming. Subsequently, accuracy of the assay was re-
evaluated using 229 pharyngeal specimens, and sensitivity of the
assay for rubella was shown to be only 42.6% [9]. Then, an inde-
pendent study by Hiibschen et al. established the multiplex Taq-
man PCR assay for measles and rubella in 2008 [10]. The study has
an advantage in applying multiple genotypes of the two viruses,
including both clinical and reference strains, but was limited by a
lack of applicability to clinical samples. In 2012, Kaida et al.
developed the multiplex Tagman RT-PCR assay targeting 5 viral
diseases; measles, rubella, Parvovirus B19, human herpes virus-6,
and human herpes virus-7 [11]. Although 187 clinical samples
were analyzed, their method was lack of the internal control and a
quantitative performance. In 2013, another multiplex Tagman RT-
PCR assay targeting 3 viral diseases (measles, rubella, and
mumps) was introduced, which, however, did not apply an internal
control in the assay [12].

Compared to these preceding assays, our assay has several
notable strengths. First, all the tests are performed using an in-
ternal control, which promises correct running of the PCR. Second
is simplicity of the operation; i.e. only a dispensing process of
samples and reagents is required between full-automatic RNA
extraction and PCR process. RNA is vulnerable and a process with
less manipulations prevents the accidental degradation of sam-
ples. The third point that should be considered is the short period
of measurement time; i.e. totally 2 h. Fourth, quantitative mea-
surement of the assay with lower limits of quantification up to
>10 copies/10 pL is a major advantage. As described here, the
method we constructed can be used as a quick and convenient
method for simultaneous detection of measles and rubella in
clinical laboratories.

Limitations of the assay should also be mentioned. Absence of
experiments using clinical samples is the major weakness. In the
community, there circulates various genotypes of measles and
rubella. We have not yet applied these clinical strains with genetic
diversity, although the assay successfully detected commercially
available measles or rubella vaccine strains. We still cannot
conclude the clinical usefulness of this new assay, and further
studies including clinical samples will be crucial in corroborating
the accuracy and availability of our method in clinical settings.
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Fig. 1. Standard curve for ten-fold serial dilutions of the RNA standards. The log numbers of copies/10 pL on the x-axis; Cp values on the y-axis. A line indicates a linear

detection range.
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In conclusion, we have developed a multiplex RT-PCR assay for
the simultaneous detection of measles and rubella. Manifestations
of these viral infections clinically resemble each other, and we
postulate that our methodology paves the way for a simpler yet
efficient and speedy screening test.

Conflicts of interest

The authors have no conflicts of interests to declare.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Authors’ contributions

Study conception, design, and acquisition and interpretation of
data: N. Yoshioka, M. Deguchi, and M. Kagita. Drafting of the
manuscript: H. Hagiya. Critical revision: S. Hamaguchi and K.
Tomono.

Acknowledgements
RNA standards of measles and rubella were provided by Dr.

Yoshio Mori and Dr. Fumio Seki, National Institute of Infectious
Diseases, Japan.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jiac.2019.05.005.

References

[1] World Health Organization. Global vaccine action plan, 2011—-2020. Geneva,
Switzerland. 2013. Available from: https://www.who.int/immunization/
global_vaccine_action_plan/GVAP_doc_2011_2020/en/.

Patel MK, Gibson R, Cohen A, Dumolard L, Gacic-Dobo M. Global landscape of

measles and rubella surveillance. Vaccine 2018;36:7385—92.

[3] World Health Organization. Fourth annual meeting of the regional verification

commission for measles elimination in the western pacific. 2015. Available

from: http://iris.wpro.who.int/bitstream/handle/10665.1/11342/RS_2015_

GE_03_MAC_eng.pdf?sequence=1.

Komabayashi K, Seto J, Tanaka S, Suzuki Y, Ikeda T, Onuki N, et al. The largest

measles outbreak, including 38 modified measles and 22 typical measles cases

in its elimination era in Yamagata, Japan, 2017. Jpn ] Infect Dis 2018;71:413—8.

Yagi Y, Higashino H, Yoshida H, Hirokawa H, Okumachi A, Takano M, et al. The

2014 measles outbreak in Osaka an epidemiological study for the elimination

of measles. Nihon Koshu Eisei Zasshi 2015;62:566—73 (Japanese ).

[6] Jindai K, Funaki T, Nishijima T, Takakura S, Noda H, Miyake K. Towards rubella

elimination in Japan. Lancet Infect Dis 2018;18:713—4.

Sugishita Y, Akiba T, Sumitomo M, Hayata N, Hasegawa M, Tsunoda T, et al.

Shedding of rubella virus among infants with congenital rubella syndrome

born in Tokyo, Japan, 2013—2014. Jpn ] Infect Dis 2016;69:418—23.

[8] Mosquera MDM, De Ory F, Moreno M, Echevarria JE. Simultaneous detection
of measles virus, rubella virus, and parvovirus B19 by using multiplex PCR.
J Clin Microbiol 2002;40:111—6.

[9] Sanz JC, Mosquera M, Ramos B, Ramirez R, De Ory F, Echevarria JE. Assessment
of RNA amplification by multiplex RT-PCR and IgM detection by indirect and
capture ELISAs for the diagnosis of measles and rubella. APMIS 2010;118:203—9.

[10] Hiibschen JM, Kremer R, De Landtsheer S, Muller CP. A multiplex TagMan PCR
assay for the detection of measles and rubella virus. J Virol Methods
2008;149:246-50.

[11] Kaida A, Kubo H, Sekiguchi JI, Ohyama M, Goto K, Hase A, et al. Detection of
five rash-associated viruses using multiplex real-time PCR during 2006-2011.
Jpn ] Infect Dis 2012;65:430—2.

[12] Ammour Y, Faizuloev E, Borisova T, Nikonova A, Dmitriev G, Lobodanov S,
et al. Quantification of measles, mumps and rubella viruses using real-time
quantitative TagMan-based RT-PCR assay. ] Virol Methods 2013;187:57—64.

[13] Hummel KB, Lowe L, Bellini W], Rota PA. Development of quantitative gene-
specific real-time RT-PCR assays for the detection of measles virus in clin-
ical specimens. ] Virol Methods 2006;132:166—73.

[14] Matsuzono Y, Narita M, Ishiguro N, Togashi T. Detection of measles virus from
clinical samples using the polymerase chain reaction. Arch Pediatr Adolesc
Med 1994;148:289—-93.

[15] Okamoto K, Fujii K, Komase K. Development of a novel TagMan real-time PCR
assay for detecting rubella virus RNA. J Virol Methods 2010;168:267—71.

[2

[4

[5

(7


https://doi.org/10.1016/j.jiac.2019.05.005
https://www.who.int/immunization/global_vaccine_action_plan/GVAP_doc_2011_2020/en/
https://www.who.int/immunization/global_vaccine_action_plan/GVAP_doc_2011_2020/en/
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref2
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref2
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref2
http://iris.wpro.who.int/bitstream/handle/10665.1/11342/RS_2015_GE_03_MAC_eng.pdf?sequence=1
http://iris.wpro.who.int/bitstream/handle/10665.1/11342/RS_2015_GE_03_MAC_eng.pdf?sequence=1
http://iris.wpro.who.int/bitstream/handle/10665.1/11342/RS_2015_GE_03_MAC_eng.pdf?sequence=1
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref4
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref4
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref4
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref4
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref5
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref5
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref5
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref5
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref6
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref6
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref6
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref7
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref7
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref7
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref7
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref7
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref8
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref8
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref8
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref8
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref9
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref9
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref9
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref9
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref9
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref10
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref10
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref10
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref10
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref11
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref11
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref11
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref11
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref12
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref12
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref12
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref12
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref13
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref13
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref13
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref13
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref14
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref14
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref14
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref14
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref15
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref15
http://refhub.elsevier.com/S1341-321X(19)30138-2/sref15

	Simultaneous and rapid detection method for measles and rubella using single-tube multiplex real-time quantitative RT-PCR
	Conflicts of interest
	Funding
	Authors’ contributions
	Acknowledgements
	Appendix A. Supplementary data
	References


