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Vaccination to the individuals in special clinical circumstances

Toshiaki Thara, MD & PhD
National Hospital Organization Mie National Hospital

Abstract

Excess limitation could be adapted on vaccination, since several clinicians might be afraid of adversed
events after vaccination. The factors, which clinicians should consider on vaccination, are the immunological
status of vaccinees and the type of vaccine, such as live vaccine or inactivated vaccine. Infants and children,
pregnant women, the elderly, and individuals with chronic diseases are immune-altered and could be
administered with live and inactivated vaccines, except pregnant women, who could not be administered
with live vaccine. Only the immunocompromised individuals are contraindicated with live vaccines. Since
influenza vaccine produced in Japan is well purified, anaphylaxis could not be induced in children with egg-
allergy theoretically. In inactivated vaccines, priming with two or three doses via three to eight weeks
interval is important for induction of specific immunity. The best way that protects immunocompromised
individuals, who could not be administered with live vaccines, is elimination of vaccine preventable diseases
by high vaccination rate, which overwhelms the herd-immunity.

Key words : immune-altered, immunocompromised, egg allergy, pregnancy, prime and boost
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Although the number of cases of rubella and congenital rubella syndrome has decreased recently in
Japan, both are still important health problems. To control rubella infection, a rapid and reliable method
for diagnosis of rubella is required as soon as possible. Direct detection of the viral genome in clinical
samples is viewed as crucial for laboratory diagnosis. In this study, a novel diagnostic method for rubella

virus, based on a fluorogenic real-time PCR (TagMan) assay, was developed, and its sensitivity for various

Keywords:
Rubella
Diagnosis
TagMan
RT-PCR

virus strains was compared with that of a conventional RT-PCR. The new assay allowed more rapid and
sensitive detection of the virus than did the conventional RT-PCR, and could detect at least 10 pfu of the
native strains in Japan (1a, 1D, 1j).

© 2010 Elsevier B.V. All rights reserved.

Rubella is caused by infection with Rubella virus (RV), and the
symptoms include a mild rash and a fever. The most severe effect
of RV infection is the congenital rubella syndrome (CRS), which
is caused by infection during early pregnancy and may result in
abortion, miscarriage, stillbirth, and severe birth defects. The most
common congenital defects are sensorineural deafness, heart dis-
ease, and cataracts. RV belongs to the genus Rubivirus, family
Togaviridae, and possesses a positive-sense, single-stranded RNA
with a 9.8-kb nucleotide length that contains two open reading
frames (ORFs). The 5’- and 3’'-ORFs encode the nonstructural pro-
teins p150 and p90 (Liang and Gillam, 2000; Pugachev et al., 1997)
and the structural protein capsid, E1 and E2, respectively (Frey,
1994; Oker-Blom et al., 1984; Yao et al., 1998).

In Japan, single-dose rubella vaccination was started in 1976,
and two-dose vaccination against measles and rubella by a com-
bined Measles and Rubella (MR) vaccine was introduced in 2006.
In 2008, a national vaccination campaign to control measles and
rubella was introduced, with the aim of eliminating measles and
decreasing rubella by the year 2012. To support this effectively, an
active surveillance system including a rapid and reliable method
for laboratory confirmation is essential. Current laboratory diagno-
sis employs mainly serological methods that measure anti-rubella
IgM, although it takes at least 5 days after the onset of infection
to detect a specific increase in anti-rubella IgM. Detection of viral
RNA, for example, in oral fluid, is possible by RT-PCR if samples are
obtained during the first 4-5 days after the onset of a rash (CDC,

* Corresponding author. Tel.: +81 42 561 0771; fax: +81 42 561 1960.
E-mail address: k-okmt@nih.go.jp (K. Okamoto).

0166-0934/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.jviromet.2010.05.016 :

2008). Rubella symptoms are similar to those of other viral infec-
tions (e.g. measles virus, echovirus, or parvovirus B19), making it
difficult to differentiate rubella from other viral infections on the
basis of clinical symptoms alone (WHO, 2007a). Other viruses such
as measles and parvovirus B19 sometimes give rise to false-positive
IgM results (Tipples et al., 2004).

Therefore, detection of the RV genome is considered to be a
promising approach for monitoring rubella because of its sensitivity
and specificity. Although several RT-PCR assays for the detection of
the RV genome in clinical specimens have been described (Cooray
et al., 2006; Jin and Thomas, 2007; Vyse and Jin, 2002; Zhu et al.,
2007), the conventional methods require a long time and multiple
procedures, and are susceptible to carry-over contamination when
multiple samples, including positive samples, are tested. Real-time
PCR does not require post-PCR sample handling and seems to
be more feasible for much faster and higher-throughput assays.
Although some investigators have described real-time PCR meth-
ods for detecting the RV genome (Abernathy et al., 2009; Hiibschen
et al.,, 2008; Rajasundari et al., 2008; Zhao et al., 2006), there has
been no report confirming the sensitivity and specificity between
various viral strains, or excluding the possibility of false-positive
results for other viruses exhibiting similar symptoms. In this study,
anovel real-time PCR system that included one-step RT-PCR for the
diagnosis of rubella infection was developed and the sensitivity was
compared with that of a conventional nested RT-PCR, which covers
the sequencing region for genotyping, using synthesized RNA and
various virus strains. This system permits detection of a minimum
of 10 copies of a positive control RNA and 1 pfu of RV.

Twenty-six complete sequences of RV accessible on GenBank
were aligned, and a highly conserved region was selected in design-
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Fig. 1. Determination of the cut-off values (a) and standard curves (b). Ten-fold
dilutions of standard RNA were used with the TagMan assay. (a) Each sample was
amplified in triplicate. The broken line indicates AR, =0.5. (b) Five independent
experiments were performed in triplicate. Each numerical expression represents a
regression line, and R? indicates the coefficient of determination.

ing TagMan primers and probes using Primer Express Software Ver.
3 (Applied Biosystems, Foster City, CA). The sequence of the probe
was 5'-CCGTCGGCAGTTGG-3' (encoding nt 93-106), that of the for-
ward primer was 5'-CCTAHYCCCATGGAGAAACTCCT-3' (nt 32-54),
and that of the reverse primer was 5'-AACATCGCGCACTTCCCA-3'
(nt 143-160). The reporter probe was conjugated with 6-
carboxyfluorescein and minor groove binder at the 5 and 3’ termini,
respectively.

To determine the cut-off values for the TagMan assay, synthe-
sized RNA in vitro (consisting of 1-782 nt of TO336 wt-type) was
quantified by ODyg9, and a 10-fold dilution series was prepared
(from 2.0 x 10° to 2.0 x 10~ copies/pl) and applied to the TagMan
assay (Fig. 1a). The assay was performed by using a TagMan RNA-

to-Cr 1-Step Kit (Applied Biosystems) in a total volume of 20 pl,
which contained a final concentration of 900 nM sense and anti-
sense primers, 250nM probe, 1x TagMan RT Enzyme Mix, and
1x TagMan RT-PCR Mix. The kinetics of cDNA amplification were
monitored using an Applied Biosystems 7500 Real-Time PCR Sys-
tem (Applied Biosystems) under the conditions of 48 °C for 15 min,
95°C for 10 min, and 45 cycles of 95°C for 15s and 60 -C for 1 min.
This assay was carried out in triplicate for each sample, includ-
ing a no-template control. Test samples were considered positive
if amplification with a threshold cycle (Ct) value <40 and AR,
signal >0.5 were seen in all of the triplicate reactions. Five dis-
tinct sets of 10-fold-diluted standard RNA samples (1.0 x 106 to
1 copies/reaction) were examined to estimate the dynamic range of
this assay. Although above 10 copies/reaction were detected in all
samples, 1 copy/reaction was detected in 47% of samples (Table 1).
The standard curve from 1 to 1.0 x 106 copies/reaction did not sat-
isfy a linear relationship of R2 >0.99 (data not shown); therefore,
the data of one copy/reaction was omitted from the standard curve.
Log-linear regression plots showed a strong linear relationship
(R?>0.99) between the log of the starting copy number (from 10
to 1.0 x 106 copies) and the Ct values (Fig. 1b). All standard curves
showed a similar slope and intercept, and the reproducibility of
the standard curve was reliable, at least in the range from 10 to
1.0 x 108 copies/reaction. These results indicate that the dynamic
range of this assay was from 10 to at least 1.0 x 106 copies/reaction.

Thirteen RV genotypes have been recognized to date (WHO,
2007b), all belonging to only one serotype. These genotypes are
classified into two clades: clade1 and clade 2. Clade 2 has not been
reported in Japan, except for Rvi/OSAKA.JPN/11.07 (2B), isolated
in 2007. Few studies using real-time PCR for detection of the RV
genome have compared the sensitivity and specificity between the
viral genotypes or strains using RNA extracted from viral stocks,
although several investigators have used real-time PCR for RV diag-
nosis (Abernathy et al., 2009; Hiibschen et al., 2008; Rajasundari
et al.,, 2008; Zhao et al., 2006). To investigate the sensitivity and
specificity of the TagMan assay for various viruses, 10 RV strains
consisting of five genotypes (1a, 1B, 2B, 1D and 1j), which included
vaccine strains (Shishido and Ohtawara, 1976) that have been iso-
lated, propagated, and titrated in our laboratory, were examined
using this assay, and the results were compared with a conventional
RT-PCR. The viral RNA was prepared from 140 .l of culture medium
of RK-13 cells infected with each RV, using a QIAamp Viral RNA Mini
Kit (QIAGEN, Tokyo, Japan) according to the manufacturer's proto-
col, extracted with 70 .l of elution buffer, and each 5 .l of eluted
sample was subjected to the TagMan assay and the conventional
RT-PCR. The conventional RT-PCR conditions are described below.

For amplifying an 851-nt region in the E1 coding region (nt
8702-9553) using a primer set F1 (5-CGACGCGGCCTGCTGGGGC)
and R9 (5'-AGGTCTGCCGGGTCTCCGAC), RT-PCR was performed
with One-Step RT-PCR Kit (QIAGEN) according to the manu-
facturer’s protocol, except that the total reaction volume and
concentration of the primers were altered to 25wl and 0.3 uM,
respectively. After carrying out the RT reaction for 30 min at
55°C and denaturation for 15min at 95°C, the reaction mix-

Table 1

Detection limit of the TagMan assay using a series of synthesized standard RNA.
Standard RNA (copies/reaction) Number of positive samples/number of tested samples Positive (%)

1 2 3 4 5

106 3/3 3/3 3/3 3/3 3/3 100%
10° 3/3 3/3 3/3 3/3 3/3 100%
104 313 3/3 3/3 33 3/3 100%
10° 3/3 3/3 313 3/3 33 100%
102 33 33 33 33 3/3 100%
10 3/3 3/3 3/3 3/3 3/3 100%
1 0/3 2/3 0/3 3/3 2/3 47%
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tures were incubated for 35 cycles of 94°C for 30s, 62°C for
30s, and 72¢C for 1 min, followed by 72°C for 10 min. The RT-
PCR product (0.5ul) was used as a template for a nested PCR
with 2mM MgCl;, 50mM KCl, 25mM TAPS buffer (pH 9.3),
200 wM sense (5'-CAGCACCCTCACAAGACCGTC-3') and anti-sense
(5'-CACAGCAGTGGTGTGTGTGCC-3') primers, and 0.025U Ex Taq
polymerase (TaKaRa Bio, Shiga, Japan). The cycling conditions were
as follows: 98 °C for 30s, and 30 cycles of 98 °C for 10s and 68°C
for 1 min. The PCR products were resolved on a 1% agarose gel and
visualized by ethidium bromide staining. As a result, at least 1 pfu
of RV could be detected in Rvi/OSAKA.JPN/11.07 (2B), SRL6.97 (1D),
and Osaka’ 94 (1D) strains by the TagMan assay (Table 2), although a
greater viral load was required in the other viral strains (from 10 to
100 pfu). On the other hand, at least 10 pfu of the virus was required
for detection by the conventional RT-PCR, and for the Kagoshima' 04
strain (1j), as much as 1000 pfu of the virus was required. Thus, the
novel real-time PCR had about 10-fold greater sensitivity compared
with the conventional RT-PCR. Although the conventional RT-PCR
amplified a relatively long region (851 bp), the sensitivity of this
method was almost identical to that of another RT-PCR amplify-
ing 481 bp (data not shown). Conventional RT-PCR amplifying the
851-nt sequencing region in the E1 coding region could be used for
direct genotyping. Thus, the conventional RT-PCR is also thought to
be useful for rapid genotyping. The sequences of the target region
for the TagMan assay were identical among genotype 1a strains
(data not shown). The reason for the low sensitivity of the TagMan
assay for the TO336 wild-type and the Matsuura vaccine strains is
unknown.

It is necessary for monitoring to confirm the morbidity of rubella
precisely, and it is especially important to distinguish rubella from
other infectious diseases. Clinical diagnosis of rubella is sometimes
confused with measles, HHV-6, and parvovirus B19, because they
have similar major symptoms to rubella (WHO, 2007a). Therefore,
to exclude the possibility of false-positive results for other viruses,
measles viral RNA (strains SA203, Yamagata, IC-B, YS-4, Edmon-
ston, and Toyoshima, kindly provided by Dr. Seki, Department of
Virology lll, National Institute of Infectious Diseases), HHV-6 type
A DNA (kindly provided by Dr. Inoue, Department of Virology I,
National Institute of Infectious Diseases), and parvovirus B19 DNA
(kindly provided by Dr. Okada, Department of Blood, National Insti-
tute of Infectious Diseases) were examined (Table 3). Measles virus
strains used in this study included wild-type isolates with various
genotypes that are found frequently in Japan or Asia (D5, D9, and
H1) (CDC, 2005), a vaccine strain (A), and a laboratory strain (D3).
Although the amount of template in the measles virus and par-
vovirus B19 was not known precisely, the samples were confirmed
as positive by conventional RT-PCR or PCR-specific for each virus
(data not shown). These viral RNAs or DNAs were not detected by
the probe or primers used in this study.

It is difficult to obtain an adequate number of clinical samples
from patients suspected of rubella infection in Japan, because the
morbidity rate decreased significantly in recent years. Therefore,
to mimic the detection of viral RNA extracted from clinical speci-
mens, a spike test was performed as an alternative resource. Throat
swabs from healthy donors collected in a Universal Viral Transport
(UVT) medium (BD, Franklin Lakes, NJ) were added to 1,10, 102, and
103 pfu of three viral strains, TO336 vaccine (1a), Osaka' 94 (1D),
and Kagoshima’ 04 (1j), and subjected to the TagMan assay and the
conventional RT-PCR. Ten pfu of all viruses could be detected by
the TagMan assay (Table 4). However, even 103 pfu of each virus
could not be detected by the conventional RT-PCR. The TagMan
assay detected viral RNA from the spiked test samples to almost
the same degree as with a viral culture medium. This showed that
neither the RNA extraction step nor the TagMan assay was affected
by the presence of contaminants included in clinical specimens (i.e.,
throat swabs).
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Table 3
Specificity of the TagMan assay.
Virus Amount of template Ct Result
RV
TO336 wild 1a 100 pfu 3544025 Pos.
TO336 vaccine 1a 100 pfu 31.8+0.26 Pos.
Matsuura wild 1a 100 pfu 34.1+0.51 Pos.
Matsuura vaccine 1a 100 pfu 35.5+0.53 Pos.
SRL8.79 1B 100 pfu 3244079 Pos.
Rvi/OSAKA JPN/11.07 2B 100 pfu 28.9+0.21 Pos.
SRL6.97 10 100 pfu 31.0+0.19 Pos.
Osaka’ 94 1D 100 pfu 31.0+0.21 Pos.
Miyazaki’ 01 1j 100 pfu 3294021 Pos.
Kagoshima® 04 1j 100 pfu 335+0.10 Pos.
MV
SA203 D5 N/A 40.0< Neg.
Yamagata D9 N/A 40.0< Neg.
IC-B D3 N/A 40.0< Neg.
YS-4 H1 N/A 40.0< Neg.
Ed A N/A 40.0< Neg.
Toyoshima A N/A 40,0< Neg.
Others
HHV-6 U1102 A 0.5 g of DNA 40.0< Neg.
HHV-6 229 B 0.5 pg of DNA 40.0< Neg.
Parvovirus B19 N/A 40.0< Neg.
Table 4
Spike test for detection of RV in throat swabs.
Strain Genotype Viral dose (pfu)
0° 102
TagMan RT-PCR TagMan RT-PCR
TO336 vaccine 1a 29.4 + 0.13 - 331+011 -
Osaka’ 94 1D 278 +1.12 - 321+133 -
Kagoshima' 04 1j 285+ 1.12 - 3271145 -
Table 5
Detection of RV in clinical specimens by TagMan assay.
Individuals Specimens TagMan #1 Ct TagMan #2 Ct RT-PCR Virus isolation
1 Oral fluid Pos. 349 Pos. 357 Pos. Pos.
2 Oral fluid Pos. 394 Pos. 393 Neg. Pos.
3 Oral fluid Pos. 384 Pos. 379 Neg. Pos.
4 Oral fluid Pos. 36.1 Pos. 36.7 Pos. Pos.
5 Oral fluid Pos. 385 Pos. 391 Neg. Pos.
6 Oral fluid Pos. 31.6 Pos. 337 Neg. Pos.

To compare the sensitivity of the novel TagMan assay in clinical
specimens with the conventional RT-PCR, six oral fluids collected
from an outbreak of rubella in 2004 in Japan were tested using the
TagMan assay (TagMan #1) and conventional RT-PCR. All samples
were confirmed as positive by the conventional RT-PCR after pas-
sages in culture. As aresult, all specimens (6/6) were positive using
the TagMan assay, although two of the six samples were positive
using the conventional RT-PCR (Table 5). The same samples were
also subjected to another TagMan assay (TagMan #2), which has
been reported previously (Zhu et al., 2007; Abernathy et al., 2009).
However, no amplification was detected both in the negative con-
trol and in the positive control using the TagMan #2 method (data
not shown). When the primers and probe were used with the same
reagent in this study (TagMan RNA-to-Cr 1-Step Kit), amplification
signals were obtained. Under these conditions, all specimens (6/6)
were also found to be positive, with similar Ct values to the TagMan
#1 method (Table 5). Although it was unclear why the primers and
probe of TagMan #2 method did not function under the assay con-
ditions described previously, the primers and probe could function
equally well as those of the novel TagMan method (TagMan #1)
under the assay condition used in TagMan #1 method. The Tag-

Man assay used in this study was more reliable, because it was
confirmed that this assay could detect various viral strains sensi-
tively and did not cross-react with other viral RNAs causing similar
symptoms as rubella.

Detection of viral RNA in oral fluid seems to be more suitable for
rapid diagnosis of rubella. WHO does not recommend viral genome
detections for laboratory confirmation, probably due to the possi-
bility of laboratory contamination and cross-contamination when
performing RT-PCR followed by nested PCR. However, given the
lower risk of contamination using real-time PCR and its higher sen-
sitivity compared with conventional RT-PCR, the former technique
is concluded to be more suitable for rapid diagnosis. The new real-
time PCR assay described above was able to detect at least 10 copies
of RV RNA and 1 pfu of virus. This TagMan PCR assay is considered
to be useful for rapid diagnosis and screening of rubella when used
in conjunction with conventional RT-PCR.
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