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ABSTRACT
Thirty-three infants aged »2 months had serial stool samples collected after receipt of Rotarix� vaccine
dose 1, and were assessed for shedding of porcine circovirus type 1 DNA and Rotavirus group A RNA by
molecular methods. We did not find strong evidence that porcine circovirus type 1 replication occurred.
Porcine circovirus type 1 genome with the same sequence as that in Rotarix� was detected in a few
infants as late as day � 13; while this timing could suggest there may have been replication and not just
transient passage through the gastrointestinal tract, the lack of increase in copy number in any infant
supports transient passage and there are inherent limitations to the results. We found that 21% of infants
did not shed Rotarix� RVA RNA beyond the day 3 sample, which may suggest lack of vaccine virus
replication. Of the infants in whom Rotarix RVA RNA shedding continued, peak copy numbers were
reached on days 3–5 for »40%, and after day 5 in »60%, and shedding can be prolonged (� 45 days).
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Introduction

In 2010, Victoria et al. reported the identification of the full
genome of porcine circovirus type 1 (PCV-1) in Rotarix� vac-
cine.1 Rotarix� (GlaxoSmithKline Biologicals, GSK), a rotavirus
vaccine that contains a live attenuated human rotavirus strain,
was added to the U.S. national immunization program in April
2008 as one of the 2 available rotavirus vaccines recommended
to be given to all infants.2 Rotarix� is a 2-dose series, with doses
recommended for infants at ages 2 and 4 months. The initial
PCV-1 report and subsequent investigations led the Food and
Drug Administration (FDA) to recommend a temporary sus-
pension of Rotarix� in the United States on March 22, 2010,
while further assessing the issue. On May 14, 2010, the FDA
lifted the suspension, concluding that, while live PCV-1 was
detected in the vaccine, there was no evidence that PCV-1 (nor
porcine circovirus type 2 [PCV-2]; short DNA segments of
both PCV-1 and PCV-2 had been detected in the rotavirus vac-
cine, RotaTeq� [Merck and Co., Inc.]) poses a safety risk in
humans; neither porcine circovirus was known to cause infec-
tion or illness in humans.3-5

As part of the manufacturer’s evaluation of PCV-1 in
Rotarix� vaccine, testing for PCV-1 was performed in stool
samples from 10 vaccinated infants following dose 1 in each of
4 earlier clinical trials; the samples were limited to those that
had been collected as part of the trial.6 GSK reported that,
among these samples, PCV-1 with sequence identical to that in
Rotarix� was detected in 40% (2/5) of the samples collected

from infants on post-vaccination day 3, 5% (2/38) on day 7
(with 2 additional samples of the 40 tested having inconclusive
results), and 0% on days 10, 15, 22, 30, and 45 (number of
infants with samples tested from these days were 5, 40, 10, 5
and 5, respectively).6 GSK concluded that these data were con-
sistent with transient passage of DNA without replication.

In order to more fully examine the shedding of PCV-1 DNA
following the receipt of Rotarix� (Rotarix� PCV-1 DNA), we
collected and tested stool samples from 33 infants after receiv-
ing their first dose at about age 2 months. We also measured
the shedding of Rotarix� Rotavirus group A RNA (Rotarix�

RVA RNA) to better understand the replication of the rotavirus
vaccine virus in vivo.

Results

Thirty-three infants were enrolled after parents gave consent,
and provided � 1 stool sample following Rotarix� vaccination.
The median age at receipt was 9.8 weeks; interquartile range
[IQR] 9.1–10.5; range 8.0–14.7 weeks). All but one infant (32/
33, 97%) were non-Hispanic/non-Latino; 28 (85%) were Black,
1 (3%) was White, 3 (9%) were reported to be bi-racial, and 1
(3%) infant’s race was unknown. At the time of vaccine receipt,
18 (55%) were reported to be receiving only formula as their
milk source, 6 (18%) were receiving only breastmilk, and 9
(27%) were receiving both. Only 1 infant (breastfed) was receiv-
ing solid food. Twenty-three were born after � 37 week
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gestation and 10 had been born before 37 weeks gestation
(range 28–36 weeks). Eighteen full-term and 10 premature
infants submitted all (or missed only 1) of the 10 samples
desired during the first 15 d post-vaccination (Table 1).

Of the 271 samples extracted with MagNA Pure, 17 were
positive only for Rotarix� PCV-1 DNA, 79 were positive only
for Rotarix� RVA RNA, and 18 samples were positive for both
viruses. Of the 271 samples extracted with Master PureTM,
6 were only positive for Rotarix� PCV-1 DNA, 121 were posi-
tive only for Rotarix� RVA RNA, and 29 samples were positive
for both viruses. Because each extraction method had limita-
tions (with MagNA Pure platform–the possibility of competi-
tion between viruses [Rotarix� RVA RNA and Rotarix� PCV-
1 DNA] for the limited surface binding area on the magnetic
beads during the extraction; with MasterPure–the prolonged
storage of stool dilutions may have resulted in degradation of
viral nucleic acid), we combined the results from both extrac-
tions and reported the result as positive if either method yielded
a positive result.

Rotarix� PCV-1 DNA detection

Out of a total of 271 samples tested, 43 (16%) were found to
contain Rotarix� PCV-1 DNA. Overall, 76% (25/33) subjects
that submitted � 1 stool sample had Rotarix� PCV-1 DNA
detected, and 24% (8/33) never had Rotarix� PCV-1 DNA
detected. The proportion of samples with Rotarix� PCV-1
DNA detected decreased from 69% on »post-vaccination day
1, to 40% on day 3 (Table 2, Fig. 1). Rotarix� PCV-1 DNA was
then detected in 17% (5/29) of infants who submitted samples
on day 5 or later: in one subject each, detected on day 5 and 7
(and negative thereafter; infant #23, breastfed), day 8, 10 and
13 (with 1 intervening negative sample; infant #19, breastfed),
day 5 and 15 (with 4 intervening negative samples; infant #6,
formula-fed), day 31 (earlier positive on day 1 only; infant #9,
breastfed), day 36 (earlier positives on day 1 and 3 only, infant
#15, formula-fed). Three of 10 (30%) premature infants had
Rotarix� PCV-1 DNA detection on day � 5, as did 2/19 (11%)
full-term infants (2-sided Fisher’s exact p D 0.31).

Rotarix� PCV-1 DNA copy number
For Rotarix� stock, Rotarix� PCV-1 DNA was detected at
1.1 £ 107 copies/vial (1 mL) of Rotarix� vaccine. In stool
samples, Rotarix� PCV-1 DNA was detected in the range of
8.1 £ 101 to 1.0 £ 105 copies per mL of stool.

Of those with Rotarix� PCV-1 DNA detected on day 1, copy
number on that day was in the range described above, with
median of 4.7£103 copies per mL of stool (Table 1). In all
infants, the copy number detected in a later Rotarix� PCV-1
DNA-positive sample was lower than or at approximately the
same level as the previous copy number detected: the maximum
increase in copy number was in infant #9, with a 3-fold increase
in copy number from samples collected on day 1 (5.9£103 cop-
ies per mL) and day 31 (1.8£104 copies per mL).

Rotarix� RVA RNA detection

Overall, 94% (31/33) subjects that submitted at least one stool
sample had Rotarix� RVA RNA ever detected and 2 subjects

(who each only submitted a sample on day 1) never had
Rotarix� RVA RNA detected (Table 1). The overall Rotarix�

RVA RNA detection rate was 81%, 67%, 63%, 63%, and 75%
on day 1, 3, 5, 7, and 9 respectively, and then decreased over
time to 17% detection on day 45 (Table 2, Fig. 2). Of the 29
infants who submitted at least the 4 samples in the first week,
and including pt#10 who submitted off schedule, 10% (3/29)
did not have Rotarix� RVA RNA detected beyond the day 1
sample, suggesting lack of replication, and 3 more infants (for
total 6/29, 21%) did not have Rotarix� RVA RNA detected
beyond the day 3 sample. Examining the detection rate among
only those who did have detection beyond day 3, the Rotarix�

RVA RNA detection rate was about 10–15 percentage points
higher at each time point (e.g, 81%, 91%, and 25% on days 5, 9
and 45, respectively) than with all infants combined (Fig. 2).

Rotarix� RVA RNA copy number
For Rotarix� stock, Rotarix� RVA RNA was detected at 2.2 £
107 copies/vial (1 mL) of Rotarix� vaccine. In stool samples,
Rotarix� RVA RNA was detected in the range of 1.2 £ 102 to
1.3 £ 1010 copies per mL of stool.

For the 3 infants described above who had Rotarix� RVA
RNA detected only in samples from days 1 and 3, the copy
numbers were similar (within one log) in both of their samples.
To inform possible timing of peak replication, copy numbers
were examined over time in the 21 infants who submitted all 8
requested samples during the first 15 d and had Rotarix� RVA
RNA detected beyond day 3. In 43% (9/21) of these subjects,
the highest Rotarix� RVA RNA copy number had been reached
on days 3 or 5 (i.e., copy numbers in later samples were lower
or no more than 1 log higher). In 57% (12/21), a higher copy
number (by � 100-fold, or reaching a copy number of � 102 if
previously undetectable) was detected in at least 1 sample
beyond day 5. Of the 12 in the latter group, 5 had no Rotarix�

RVA RNA detected on day 3, 2 had none detected on day 5,
and 2 had none detected on days 3 and 5. Using the highest
copy number detected for each of the 21 infants on day � 3,
the median value was 5.2£106 copies/mL (IQR 1.4£105 to
1.0£108; range 377 to 1.3£1010)

Among the 7 infants with Rotarix� RVA RNA detected on
day»30, the median copy number was 1.2£105/mL. On day
»45, the 3 subjects with Rotarix� RVA RNA detected had
2.4£103, 6.4£103, and 1.5£105 copies/mL.

Discussion

We believe this is the first study in the scientific literature eval-
uating the shedding of Rotarix� PCV-1 DNA following
Rotarix� vaccination in infants. We used 2 extraction methods
to minimize the impact of extraction and prolonged storage on
viral detection. We were able to detect both Rotarix� PCV-1
RNA and Rotarix� RVA RNA in the same samples, and
assessed shedding in samples collected up to 45 d post-vaccina-
tion. In our sample of infants who received dose 1 of Rotarix�,
we did not find strong evidence that Rotarix� PCV-1 DNA rep-
lication occurred. We found that 21% of infants did not shed
Rotarix� RVA RNA beyond the day 3 sample, which may indi-
cate lack of vaccine virus replication. Of the infants in whom
shedding continued, peak copy numbers frequently were
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reached after day 5, and there was evidence of prolonged shed-
ding (� 45 days) in some infants.

In their limited number of samples tested, GSK concluded
that their results, including Rotarix� PCV-1 DNA detection on
day 7, were consistent with transient passage of DNA without
replication.6 It is not known with certainty how long Rotarix�

PCV-1 DNA can be detected in the stool of vaccinated infants
and be consistent with only transient passage. RotaTeq� vac-
cine was found to contain only short segments of PCV-2 DNA
(RotaTeq� PCV-2 DNA) and was not shown to be infectious
in vitro4; in a study examining shedding in young US infants
following receipt of RotaTeq� vaccine, RotaTeq� PCV-2 DNA
was detected in some infants at the latest sample collected
which was on day 9 post-vaccination.7 In our study, Rotarix�

PCV-1 DNA was detected in one infant each as late as day 7,
13, 15, 31 and 36. In the last 3 infants, several earlier samples
did not have Rotarix� PCV-1 DNA detected. It is not clear if
this indicates that shedding can be very intermittent and pro-
longed even if there is only passage and not replication, that
Rotarix� PCV-1 DNA is unevenly distributed throughout a
sample so that any one aliquot tested may not be representative,
that there may have been a labeling or laboratory testing error
(although multiple procedures were in place to prevent these),

or that infants may have been re-exposed to Rotarix� PCV-1
DNA. To the last possibility, records indicated that none of
these infants had received a second dose of Rotarix� until �
3 weeks after the samples had all been collected; in the sample
with Rotarix� PCV-1 DNA detected from day 36 (infant #15),
Rotarix� RVA RNA was not detected, but in the sample with
Rotarix� PCV-1 DNA detected from day 31 (infant #9),
Rotarix� RVA RNA was detected in high copy number. Our
overall finding that, among infants with Rotarix� PCV-1 DNA
detected, copy number in later samples were about the same or
lower than in previous samples where Rotarix� PCV-1 DNA
had been detected is more supportive of passage rather than
replication.

Following vaccination with live-attenuated rotavirus vac-
cines like Rotarix�, vaccine RVA virus is expected to replicate
in the upper gastrointestinal tract and be shed into fecal matter.
In our population of almost exclusively non-Hispanic infants,
and using techniques expected to detect even small quantities
of viral RNA, we did not detect Rotarix� RVA RNA beyond

Table 2. Number of samples tested and proportion with Rotarix� PCV-1 DNA detected, and with Rotarix� RVA RNA detected.

Among all infants

Among infants with
Rotarix RVA RNA

detected beyond day 3

Post-vaccination sample day No. samples tested

No. (%) samples
with Rotarix PCV-1
DNA detected

No. (%) samples
with Rotarix RVA
RNA detected No. samples tested

No. (%) samples
with Rotarix RVA
RNA detected

1 32 22 (69) 26 (81)
3 30 12 (40) 20 (67)
5 27 2 (7) 17 (63) 21 17 (81)
7 29 2 (7) 19 (66) 23 19 (83)
9 28 1 (4) 21 (75) 23 21 (91)
11 29 0 (0) 15 (52) 23 15 (65)
13 28 1 (4) 16 (57) 23 16 (70)
15 27 1 (4) 11 (41) 23 11 (48)
30 21 2 (10) 7 (33) 19 7 (37)
45 18 0 (0) 3 (17) 16 4 (25)

Figure 1. Detection of Rotarix� PCV-1 DNA by number of days post Rotarix�

vaccination.
Figure 2. Detection of Rotarix� RVA RNA by number of days post Rotarix�

vaccination.
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the day 1 sample in 10% of infants, and not beyond the day
3 sample in 21%, cumulatively. This suggests that in at least
10% (and perhaps even 21%) of our infants, vaccine virus may
not have replicated. Interestingly, this is the approximate pro-
portion (25–26%) of non-Hispanic US infants found in a con-
trol group to be FUT2 (a [1,2] fucosyltransferase 2)
nonsecretors.8,9 FUT2 nonsecretors may be protected against
infection with P[8] rotavirus such as the vaccine virus con-
tained in Rotarix�.8,10-12 However, we did not perform sero-
logic assessments to more fully determine which infants likely
had “vaccine-take,” and, as described earlier, the duration of
shedding from just passive transit of vaccine virus is not
known. In studies evaluating a rotavirus vaccine consisting of a
human neonatal strain, in which stool samples from infants
aged »2 months were collected daily for the first week after
vaccination, investigators considered detection of vaccine virus
by RT-PCR in any stool sample collected on post-vaccination
day 3 or later as indicative of vaccine virus replication.13,14

Although several previous studies describing the timing of shed-
ding of Rotarix� RVA RNA in vaccinees used enzyme immunoas-
say (EIA) to detect rotavirus antigen in stool samples (and the EIA-
positive samples may have been subsequently tested by RT-PCR to
confirm presence of vaccine strain), we used quantitative real-time
RT-PCR (qRT-PCR) on freshly extracted samples to detect
Rotarix� RVA RNA.15,16 Recently, we compared RVA detection
rates by EIA and qRT-PCR among children with andwithout acute
gastroenteritis.17 The rate of RVA detection was 10% and 5%
higher by qRT-PCR when compared with EIA for children with
and without acute gastroenteritis, respectively. Only Hsieh et.al.
previously reported on Rotarix� RVA RNA shedding after vacci-
nation of infants (35 Taiwanese infants, similar in age to our
infants), over time, using qRT-PCR; these investigators also
assessed the shedding by EIA.18 Our protocol was very similar to
that of Hsieh and colleagues.We believe our choice of positive con-
trol, dsRNA transcript vs. Hsieh’s plasmid dsDNA, allowed us to
more precisely calculate copy numbers. Additionally, the sensitivity
and specificity of the assay we used for RVA RNA detection should
be higher due to our alterations of the probe and the enzyme used
during qRT-PCR. Hsieh et al. detected Rotarix� RVA RNA by
qRT-PCR in as high as 90% and 88% of stool samples collected on
days 4–5, and days 6–7, respectively, which are higher than our
results among all infants but more similar to our results among
only those with shedding beyond day 3 (81% and 83% on day 5
and day 7, respectively). Their detection rate at last sample (40%
[2/5] on days 22–28) is similar to our rates of 33–37% from our
larger sample size measured on day»30. Hsieh et al demonstrated
the much higher detection rate (»4-fold higher at each time point)
when samples were examined by qRT-PCR vs. EIA, and also pro-
vided valuable information on shedding following dose 2 (lower
detection rate than after dose 1).18

Four limitations of this study should be noted. It is possible
that we did not detect or detected at lower copy number,
Rotarix� PCV-1 DNA and/or Rotarix� RVA RNA, given that
each of our testing approaches had limitations; we combined
results to try and minimize the impact of each limitation. Sec-
ond, we used only one SNP difference to identify Rotarix�

PCV-1 DNA, though this SNP appears to be specific for the
Rotarix� PCV-1 strain when compared with wild-type strain
sequences deposited in GeneBank. Third, identification of the

Rotarix� PCV-1 DNA, in the stool of our infants does not
absolutely prove that the Rotarix� vaccine was the only possible
source of the PCV-1 DNA in each of the samples. Fourth,
although we quantified PCV-1 DNA by molecular methods,
we did not attempt to ascertain if the samples contained live
PCV-1 virus.

In conclusion, using molecular methods, in our sample of
young infants who received dose 1 of Rotarix�, we did not find
strong evidence that PCV-1 replication occurred. We found
that 21% of infants did not shed Rotarix� RVA RNA
beyond the day 3 sample. Of the infants in whom Rotarix
RVA RNA shedding continued, peak copy numbers frequently
were reached after day 5, and shedding can be prolonged
(� 45 days).

Participants, materials and methods

Participants

Our goal was to enroll 20 healthy full-term infants and 10 pre-
term (gestational age < 37 weeks) infants who provided almost
all the samples during the first 15 d post-vaccination with dose
1 of Rotarix�. Study participants were recruited from the Pedi-
atric Ambulatory Clinic at Hughes Spalding Children’s Hospi-
tal in Atlanta, Georgia. Parents of infants were approached for
enrollment on the day their infant was to receive the first dose
of Rotarix�, which was administered as part of routine care by
their primary healthcare provider (typically given concomi-
tantly with pentavalent vaccine [DTaP-IPV-Hib] and pneumo-
coccal conjugate vaccine). Parents who agreed to have their
infant participate provided written informed consent. Parents
were asked to collect, label, and freeze (if delivery of the sample
to the hospital was not possible within 2 hours of collection) a
stool sample on days 1, 3, 5, 7, 9, 11, 13, 15, »30 and »45 fol-
lowing receipt of the first Rotarix� dose. Reminders for stool
collection were made by telephone calls or text messaging to
the caregivers. Most samples were brought by the parent to the
hospital or were picked up from the home by a courier service
on the same day the sample was collected from the infant;
parents sometimes kept � 1 sample frozen at home until deliv-
ery to the hospital.

This study was approved by the governing institutional
review boards of the hospital, the academic medical center,
and the Centers for Disease Control and Prevention.

Sample collection

Between August 28, 2012 and December 28, 2013, 271 stool
samples were collected from 33 infants.

Sample storage

Diapers were kept frozen during transport and until labora-
tory tests were performed. Diapers were identified only by a
unique sample number, and laboratory staff were blinded to
date of specimen collection, sample order, and specific infant.
Diapers were thawed by placing them at 4�C overnight
(approximately 12 hours) prior to extraction of total nucleic
acid (TNA).

932 S. MIJATOVIC-RUSTEMPASIC ET AL.



Standard controls

Rotavirus NSP3 dsRNA transcript was used to generate the
standard curve for calculating the copy number of all rotavirus
positive samples.15 Commercially available Rotarix� vaccine
(Lot #:A41FB315A, GlaxoSmithKline) was used as the positive
control for qRT-PCR assays targeting the Rotarix� strain.
Rotarix� vaccine used in the qRT-PCR experiments was a
lyophilized pellet and was reconstituted following manufac-
turer’s guidelines. PCV-1 single-stranded DNA oligonucleotide
positive control standard was used to generate the standard
curve used for calculating the copy numbers of PCV-1.7

Testing from MagNA Pure TNA extracts

Fecal material from each diaper was eluted into 1000 mL of phos-
phate buffered saline (PBS). Total nucleic acid (TNA) from each of
the 271 specimens was extracted using the MagNA Pure Compact
instrument and the Total Nucleic Acid Isolation Kit I (catalog
#:03731146001 and 03730964001, Roche Applied Science). To
avoid any possible cross-contamination of samples with Rotarix�

vaccine stock, the vaccine was extracted in separate run. All extrac-
tions were performed according to the manufacturer’s instructions.
TNA extracts were analyzed immediately by real-time PCR (qPCR)
for PCV-1 DNA7 and for Rotavirus group A by a duplex qRT-PCR
targeting theNSP3 gene of RVA and using Xeno� RNA as an inter-
nal control.15 Remaining TNA was stored at ¡80�C until further
testing. Rotavirus positive samples were further tested by qRT-PCR
targeting the NSP2 and VP4 genes of the Rotarix� vaccine strain, as
previously described.16 For Rotarix� RVA positive samples, the
NSP2 gene was sequenced using published primers.19 The qPCR
assay, targeting PCV-1 strains found either in Rotarix� vaccine or
as a wild-type, was run under previously described conditions.7 All
PCV-1 qPCR positive samples were sequenced using a previously
published PCR assay.7 During data analysis, we speculated that
there might be competition between the viruses, RVA and PCV-1,
for the limited surface area of the magnetic bead used during the
MagNAPure extraction, as this was observed during a similar study
for RotaTeq� vaccinees.7 The decision to re-extract and re-analyze
the samples was further supported by comparing the results of 50
randomly selected samples from the current study, for which we
found an increase of 19% and 2% for Rotarix� RVA RNA and
Rotarix� PCV-1 DNA detection, respectively, for samples extracted
using theMaster Pure kit (data not shown).We choose to re-extract
the samples with the Master PureTM kit because this approach is
based on total nucleic acid precipitation which is not limited by the
binding surface of the bead-basedmethod.

Testing from MasterPureTM Complete RNA and DNA
Purification extracts

Stool aliquots previously prepared for MagnaPure TNA extraction
(which were kept in 4�C) were used for extraction with Master-
PureTM. Total nucleic acid was manually extracted using Master-
PureTM Complete RNA and DNA Purification (catalog #:
MC85200, Epicentre� (An Illumina Company)). All extractions
were performed according to the manufacturer’s instructions.
TNA extracts were analyzed immediately by all real-time PCR
assays described above. Samples that were previously sequenced

for all targets using MagnaPure TNA extracts were not re-
sequenced. All other Rotarix� RVA positive samples were
sequence confirmed by obtaining NSP2 and VP6 genes using pub-
lished primers.19

Conventional hemi-nested PCR assay for PCV-1

PCV-1 positive samples extracted with MagNA Pure were
sequence confirmed with published primers designed when
there were few PCV-1 sequences. During the study we noticed
increased numbers of PCV-1 sequences published in the Gen-
Bank database. After comparing our sequences to the newly
published PCV-1 sequences, we found a single nucleotide poly-
morphism (SNP), base 1163 (reference sequence GenBank
accession number HM143844), which differentiates all wild-
type PCV-1 strains in GenBank from the PCV-1 strain associ-
ated with Rotarix�. All PCV-1 positive samples were sequenced
using the following protocol. The PCV-1 forward primer
spanned nucleotides 889 to 913 (PCV-1PCV-1F-889: 50-GGC
CGA TTT GAA GCA GTG GAC CCA-30); the PCV-1 reverse
primer spanned nucleotides 1406–1383 (PCV-1PCV-1R-1406:
50-CCC CTA CCT TTC CAA TAC CG-30); and the forward
primer for the hemi-nested PCR spanned nucleotides 1060 to
1080 (PCV-1PCV-1F-1060: 50-GGG CTG TGG CTG CAT
TTT GG-30). The oligonucleotide primers were designed to
amplify 494 bp and 303 bp regions of open reading frame 1
(ORF1) in the first round and hemi-nested second round reac-
tions, respectively. The extracted TNAs from the vaccine and
stool samples were used as PCR templates in the first reaction,
and 2 mL of the amplified product was used for second round
of amplification. The hemi-nested amplification was performed
in a 50 mL reaction mixture containing 1 £ PCR buffer,
0.2 mM of each dNTP, 1.25 mM MgCl2, 1 mM of each primer,
and 2.5 U of Platinum Taq DNA polymerase (catalog
#:10966026, ThermoFisher Scientific). Both first and hemi-
nested PCR reactions were run on a GeneAmp PCR System
9600 Thermal cycler (catalog #:4339386, ThermoFisher Scien-
tific) for 35 cycles at 95�C for 1 min (denaturation), 65�C for
1 min (for primer annealing), and 72�C for 1 min (extension)
with a final extension step at 72�C for 10 min. Electrophoresis
of amplified products was accomplished on a 3% agarose gel
stained with GelRedTM (catalog #: 41003, Biotium, Inc.). Sec-
ond hemi-nested round products were visualized on a UV
transilluminator, excised and purified using a QIAquick Gel
Extraction kit (catalog #: 28704, Qiagen, Inc.) following the
manufacturer’s instructions. DNA cycle sequencing was
accomplished using a Big Dye Terminator Cycle Sequencing
kit v1.1 (catalog #: 4337450, ThermoFisher Scientific) with
individual primers from the second round reaction, PCV-1F-
1060 and PCV-1R-1406. The cycle sequenced product was
purified20 and resulting amplicons were sequenced on ABI
Prism 3130XL automated sequencer (catalog #: 4474242, Ther-
moFisher Scientific).

Data presented

Data from this study were presented at the 11th International
Rotavirus Symposium in New Delhi, India on September 4th,
2014.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 933



Disclaimer

The findings and conclusions in this report are those of the
author(s) and do not necessarily represent the official position
of the Centers for Disease Control and Prevention. Names of
specific vendors, manufacturers, or products are included for
public health and informational purposes; inclusion does not
imply endorsement of the vendors, manufacturers, or products
by the Centers for Disease Control and Prevention or the US
Department of Health and Human Services.
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RVA Rotavirus group A
Rotarix� Rotarix� vaccine (GlaxoSmithKline

Biologicals)
Rotarix� RVA rotavirus strain found in Rotarix�

vaccine
Rotarix� PCV-1 porcine circovirus type 1 strain found

in Rotarix� vaccine
Rotarix� RVA RNA RNA of rotavirus strain found in

Rotarix� vaccine
Rotarix� PCV-1 DNA DNA of porcine circovirus type 1

strain found in Rotarix� vaccine
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