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We compared rotavirus detection rates in children with
acute gastroenteritis (AGE) and in healthy controls using
enzyme immunoassays (EIAs) and semiquantitative real-
time reverse transcription PCR (qRT-PCR). We calculated
rotavirus vaccine effectiveness using different laboratory-
based case definitions to determine which best identified
the proportion of disease that was vaccine preventable.
Of 648 AGE patients, 158 (24%) were EIA positive, and
157 were also qRT-PCR positive. An additional 65 (10%)
were gRT-PCR positive but EIA negative. Of 500 healthy
controls, 1 was EIA positive and 24 (5%) were qRT-PCR
positive. Rotavirus vaccine was highly effective (84% [95%
Cl 71%-91%]) in ElA-positive children but offered no sig-
nificant protection (14% [95% CI -105% to 64%]) in EIA-
negative children for whom virus was detected by qRT-PCR
alone. Children with rotavirus detected by gRT-PCR but not
by EIA were not protected by vaccination, suggesting that
rotavirus detected by gqRT-PCR alone might not be causally
associated with AGE in all patients.

Commercially available enzyme immunoassays (EIAs)
traditionally have been used to detect rotavirus in chil-
dren who have acute gastroenteritis (AGE). The rate of rota-
virus detection is higher with EIAs than with conventional
and semiquantitative real-time reverse transcription PCRs
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(qRT-PCRs) (/-6), but some qRT-PCR—positive samples
could represent low-level viral shedding from patients with
asymptomatic infections or recently resolved rotavirus in-
fections (6). qRT-PCR cycle threshold (C)) values correlate
inversely with the amount of viral RNA in a specimen. In a
study from the United Kingdom, specimens from patients
with AGE that tested positive for rotavirus by EIA had sig-
nificantly lower qRT-PCR C, values (higher viral loads)
than did qRT-PCR—positive specimens from patients with
AGE that tested negative by EIA and from healthy con-
trols; C, values for the latter 2 groups did not differ (7).
Another study found that C, values correlated inversely
with severity of disease in patients with AGE and EIA-
positive specimens(S).

Two rotavirus vaccines (RotaTeq [RV5], Merck, West
Point, PA, USA, and Rotarix [RV1] GSK Biologicals,
Rixensart, Belgium) are recommended for use worldwide
(9,10). These vaccines have demonstrated high efficacy
(>85%) against severe rotavirus-associated AGE in the
United States and other high-income countries (//-/4).
As vaccine use increases, monitoring vaccine impact is
important and requires sensitive and specific detection of
rotavirus-associated AGE. Several case—control studies
of rotavirus vaccine effectiveness have used patients with
AGE who test negative for rotavirus by EIA as a compari-
son group for patients with AGE who test positive by EIA,
and concerns have been raised about whether the rotavirus
EIA might fail to detect a proportion of true rotavirus cases
and thus lead to bias from misclassification of some cases
(11-19). We compared rates of rotavirus detection by EIA
and qRT-PCR among children with and without AGE and
examined rotavirus vaccine effectiveness against severe
cases of rotavirus-associated AGE, as defined by using dif-
ferent combinations of the EIA and qRT-PCR results.
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Methods

Specimen Collection

Fecal specimens were collected through active surveil-
lance conducted at 3 New Vaccine Surveillance Network
sites in the United States (Rochester, NY; Cincinnati, OH;
Nashville, TN) year-round during October 2008—October
2009, as described (/8). In brief, children visiting 1 of the
3 sites who were <5 years of age and had AGE (diarrhea
[>3 loose stools in 24 hours] and/or vomiting [>1 episode
in 24 hours]) for <10 days and who lived in 1 of the 3 study
areas were enrolled, and a fecal specimen was collected. In
addition, during this period, fecal specimens were collected
from healthy children <5 years of age who resided in 1 of
the same 3 study counties and had a well-child visit or an
immunization clinic visit at a community medical practice.
These healthy children had neither acute respiratory infec-
tion symptoms in the 3 days before nor AGE in the 14 days
before the recruitment visit. Parents of all enrolled children
were interviewed to collect demographic information and
disease history.

Specimen Testing

Fecal specimens were tested for rotavirus by EIA and
qRT-PCR. EIA (Premier Rotaclone, Meridian Bioscience,
Inc., Cincinnati, OH, USA) testing was done at each study
site, and then specimens were frozen and shipped to the
Centers for Disease Control and Prevention (CDC, Atlanta,
GA, USA) for further testing. All specimens were retested
by EIA (Premier Rotaclone, Meridian Bioscience, Inc.) at
CDC. If any EIA result, whether obtained at the study site
or at CDC, was positive, then the specimen was classified
as rotavirus positive. After preparation of a 10% (vol/vol)
suspension of each fecal specimen in phosphate-buffered
saline, suspensions were clarified by centrifugation at
3,000 rpm for 10 min. A 100-puL volume of clarified su-
pernatant was added to 300 pL of MagNA Pure LC Total
Nucleic Acid Isolation Kit Lysis/Binding Buffer (Roche
Applied Science, Indianapolis, IN, USA) to lyse the virus
and release nucleic acid. RNA was extracted by using the
MagNA Pure 96 Cellular RNA Large Volume Kit (Roche
Applied Science) and Cellular RNA LV protocol on the au-
tomated MagNA Pure 96 instrument (Roche Applied Sci-
ence) in accordance with the manufacturer’s protocols. The
extracted RNA was eluted in 100 pL of elution buffer and
stored at —80°C until qRT-PCR testing. RNA was tested
for rotavirus by using the NSP3 qRT-PCR designed by
Freeman et al. (3) and modified to run on an ABI 7500Fast
instrument (Applied Biosystems, Foster City, CA, USA)
(S. Mijatovic-Rustempasic, KI Tam, TK Kerin, JM Lew-
is, R Gautam, O Quaye, et al., unpub. data) 27). C values
that correlated inversely with the amount of virus in the
specimen were used as a proxy for viral load. Lower C,
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values indicated higher viral loads. qRT-PCR was run for
45 cycles and was defined as positive if any virus was de-
tected. Standard viral protein 4 and viral protein 7 sequenc-
ing procedures, as described, were attempted for all speci-
mens with virus detected by qRT-PCR to identify vaccine
strains (21).

Analysis

We included in the analysis only children who had suf-
ficient sample volumes for complete testing by EIA and
qRT-PCR. Healthy children who were enrolled during a
vaccination visit and who had a vaccine strain detected in
their feces were excluded from the analyses. We compared
sociodemographic characteristics, rotavirus detection rates,
and C, values by using y* statistics for categorical variables
and Wilcoxon rank-sum tests for continuous variables.

We calculated vaccine effectiveness using the formu-
la (1 — odds ratio for vaccination) x 100 for children >8
months of age. Children are unlikely to receive additional
doses of vaccine after 8 months of age. To calculate the
adjusted odds ratio, we used unconditional logistic regres-
sion and controlled for age at visit, month and year of birth,
and month of illness onset. Three laboratory-based rota-
virus case definitions were used: EIA positive, qRT-PCR
positive, and EIA negative and qRT-PCR positive. Chil-
dren with AGE who tested negative for rotavirus were used
as the control group for the vaccine effectiveness analysis.
Three laboratory-based definitions were used for controls:
EIA negative, qRT-PCR negative, and EIA negative and
gRT-PCR negative. A vaccine dose was considered rel-
evant if it was administered >14 days before enrollment.
A child was considered fully vaccinated if he or she had
received 3 doses of RV5 >14 days before enrollment. Chil-
dren whose immunization record could not be obtained
were excluded from the vaccine effectiveness analysis. Be-
cause RV1 coverage was extremely low during the study
period, children who received RV1 also were excluded
from the vaccine effectiveness analysis.

Results

Study Population

Of'the 1,145 children whose illnesses met the case def-
inition for AGE during the study period, 815 (71%) had a
specimen collected and tested by EIA as part of the surveil-
lance platform (Figure 1). Of these fecal specimens, 648
(80%) were also tested by qRT-PCR, and these 648 chil-
dren were included in this analysis. Of the 648 specimens
tested by both assays, 158 (24%) were positive for rotavirus
by EIA. Compared with children whose specimens tested
negative by EIA, those whose specimens tested positive for
rotavirus by EIA were significantly more likely to be older;
be white; have received fewer doses of rotavirus vaccine;
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have private insurance; live with a child <6 months of age
in the household; and have had a specimen collected during
January—June, the traditional rotavirus season.

Of the 817 children enrolled as healthy controls, 518
(63%) had a fecal specimen that was tested by EIA and
qRT-PCR. Of these, 18 (3%) were enrolled at an immuni-
zation visit and had vaccine virus detected in their feces,
and they were excluded from further analysis. A total of
500 healthy control children were included in the analysis.
Compared with children who had AGE (rotavirus positive
or negative by EIA), healthy controls were more likely
to be black, fully vaccinated, and have public insurance
and less likely to have been breast-fed, attend day care,
and have had a specimen collected during January—June.
Healthy controls were younger than children positive for
rotavirus by EIA and similar in age to children negative for
rotavirus by EIA (Table 1).

Comparison of EIA and qRT-PCR for
Rotavirus Detection

AGE Cases

For the 158 specimens from children with AGE whose
specimens tested positive for rotavirus by EIA, the median
C, value was 18 (range 11-40; Figure 2). An RV5 vaccine
strain was detected in 1 specimen from an unvaccinated
child that tested positive for rotavirus by EIA and had a C,
value of 16. No virus was detected by qRT-PCR in 1 (1%)
specimen from a child whose fecal sample tested positive
by EIA. Specimens from an additional 65 (10%) children
were positive by qRT-PCR alone, with a median C, value of
36 (range 23-45), which was significantly higher than the
median C, value for EIA-positive children (p<0.001) (Ta-
ble 2). Rotavirus was detected by qRT-PCR in specimens
that were EIA negative and collected during January—June
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(39 [11%] of 347) and outside the rotavirus season during
July—December (26 [18%] of 143).

No vaccine strains were detected among children with
AGE whose specimens tested negative for rotavirus by EIA
but positive by qRT-PCR. Wild-type rotavirus strains were
detected in 8 (12%) of the 65 specimens with any virus
detected, whereas a genotype could not be determined for
the remaining 57 (88%) specimens for which virus was de-
tected by qRT-PCR.

Healthy Controls

From the 500 healthy control children, 1 specimen
tested positive for rotavirus by EIA but not by qRT-PCR.
Overall, virus was detected by qRT-PCR in specimens
from 24 (5%) healthy children; the median C, value of 32
(range 21-44) was significantly higher than that for EIA-
positive children (p<0.001) and significantly lower than
that for EIA-negative children (p = 0.02) (Table 2).

Of the 24 healthy controls whose specimens had ro-
tavirus detected by qRT-PCR, 11 (46%) had vaccine vi-
rus detected, of which 9 contained an RV5 strain and 2
contained the RV1 strain. Six of these 11 children were
unvaccinated, including both children for whom the RV1
strain was detected; 3 had received 1 dose of RVS5 (70,
75, and 78 days before enrollment); and 2 had received
2 doses of RV5, with the second dose received 28 and
64 days, respectively, before enrollment. Wild-type virus
was detected by qRT-PCR in 13 (3%) of the 500 healthy
controls. The median C, values for children with a vac-
cine virus and a wild-type virus were similar (34 and
30, respectively [p = 0.05]). Wild-type rotavirus was de-
tected by qRT-PCR during the traditional January—June
rotavirus season (8 [3%] of 317 specimens) and outside
the rotavirus season during July—December (5 [3%] of
183 specimens).
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Table 1. Sociodemographic characteristics of patients enrolled in a study of the use of diagnostic assays for rotavirus in children
with acute gastroenteritis, 3 New Vaccine Surveillance Network sites (USA), October 2008—October 2009*

Children with AGE

Healthy controls

Rotavirus EIA+, Rotavirus EIA-, All,
Characteristic n =158 n =490 p valuet n =500 p valuef p value§
Median age, mo (IQR) 23 (13-30) 12 (5-23) <0.001 12 (4-20) <0.001 0.14
Race 0.04 <0.001 <0.001
White 74 (47) 177 (36) 113 (23)
Black 45 (28) 196 (40) 293 (59)
Asian 1(1) 6 (1) 7(1)
Other 38 (24) 111 (23) 84 (17)
Unknown 0 0 3(1)
Hispanic ethnicity 27 (17) 95 (19) 0.56 74 (15) 0.48 0.07
Premature birth 14 (9) 53 (11) 0.47 51 (10) 0.61 0.74
Ever breast-fed 110 (70) 310 (63) 0.16 286 (57) 0.006 0.04
Attended day care 55 (35) 150 (31) 0.28 88 (18) <0.001 <0.001
No. doses rotavirus vaccine received <0.001 <0.001 0.02
0 105 (66) 171 (34) 178 (36)
1 9 (6) 57 (12) 53 (11)
2 8 (5) 72 (15) 74 (15)
3 22 (14) 164 (34) 187 (37)
Ineligible 8 (5) 15 (3) 6 (1)
Unknown 6 (4) 10 (2) 1(0)
Data missing 0 1(0) 1(0)
Insurance status 0.01 <0.001 <0.001
Public 86 (54) 335 (68) 430 (86)
Private 58 (37) 117 (24) 49 (10)
Public and private 3(2) 14 (3) 6 (1)
None 10 (6) 23 (5) 14 (3)
Unknown 1(1) 1(0) 1(0)
Maternal education 0.33 0.07 0.48
Less than high school 44 (28) 134 (27) 141 (28)
High school 40 (25) 153 (31) 170 (34)
More than high school 74 (47) 203 (41) 189 (38)
Age of other child in household
<6 mo 12 (8) 18 (4) 0.04 26 (5) 0.26 0.24
6-23 mo 23 (15) 50 (10) 0.13 67 (13) 0.71 0.12
2-4y 51 (32) 145 (30) 0.52 153 (31) 0.69 0.73
<5y 74 (47) 190 (39) 0.07 214 (43) 0.37 0.20
Season specimen collected <0.001 <0.001 0.01
January—June 141 (89) 347 (71) 316 (63)
July—December 17 (11) 143 (29) 183 (37)
Study site 0.34 0.13 0.72
Nashville, TN 39 (25) 149 (30) 163 (33)
Rochester, NY 54 (34) 146 (30) 140 (28)
Cincinnati, OH 65 (41) 195 (40) 197 (39)

*Values are no. (%) except as indicated. AGE, acute gastroenteritis; EIA, enzyme immunoassay; +, positive; —, negative; IQR, interquartile range.

tChildren with specimens positive vs. negative for rotavirus by EIA.
FChildren with specimens positive for rotavirus by EIA vs. healthy children.
§Children with specimens negative for rotavirus by EIA vs. healthy children.

Vaccine Effectiveness Using Different Definitions
for Cases and Controls

Using only the EIA result to define cases and controls
among AGE patients >8 months of age, we found that the
3-dose vaccine effectiveness against rotavirus disease that
required emergency department care or hospitalization was
84% (95% CI 71%-91%) (Table 3). When cases were de-
fined by using only the qRT-PCR result, the 3-dose vac-
cine effectiveness estimate decreased slightly to 75% (95%
CI 58%—86%), but this estimate did not differ significantly
from that estimated by using the EIA result. When cases
were restricted to children whose specimens tested nega-
tive by EIA but for whom virus was detected at any level by
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qRT-PCR, the 3-dose vaccine effectiveness estimate was
not statistically significant (14% [95% CI -105% to 64%]).

Discussion

The rate of rotavirus detection was higher by qRT-
PCR than by EIA. Rotavirus was detected by qRT-PCR in
fecal specimens from an additional 10% of children with
AGE who tested negative by EIA. However, several lines
of evidence suggest that rotavirus detected by qRT-PCR
alone might not have been the causative agent in some pa-
tients with AGE. First, C, values of fecal specimens from
children with AGE for whom rotavirus was detected only
by qRT-PCR were significantly higher (lower viral loads)
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of Ct values for specimens in
which rotavirus was detected
by gRT-PCR, 3 New Vaccine
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and 476 (95%) healthy control
specimens, no virus was detected
by gRT-PCR. Ct, cycle threshold;
gRT-PCR, semiquantitative
reverse transcription PCR;
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patients with EIA+ specimens, n
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gastroenteritis patients with EIA-
specimens, n = 65; white bars
indicate healthy controls, n = 24.
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than C, values of specimens from children for whom rotavi-
rus was detected by EIA (36 vs. 18). Second, full genotypes
could not be determined for most (88%) specimens for
which virus was detected by qRT-PCR only, probably be-
cause of the low level of viral shedding. Last, rotavirus vac-
cine showed limited effectiveness against virus identified
by qRT-PCR alone, but this result may partially be a func-
tion of the small number of cases in this group. In contrast,
3-dose vaccine effectiveness was high (83%—-84%) for chil-
dren whose samples were positive by EIA and comparable
to vaccine effectiveness determined by prelicensure trials
and other case—control studies in the United States that sim-
ilarly identified rotavirus-positive cases by EIA (//-13).
These findings, together with the easier implementation of
commercial EIAs than qRT-PCRs, support the use of EIA
for identifying cases and controls to estimate vaccine ef-
fectiveness, even though a few rotavirus infections might
be missed by the EIA, particularly in specimens for which

C, values are high (low viral loads). qRT-PCR may be use-
ful for identifying cases and controls during vaccine effec-
tiveness studies. However, because such assays also detect
low levels of rotavirus circulating in the population but not
associated with illness, further work is needed to define a
cutoff C, value below which the detected virus is likely to
cause illness. This C, value would help to identify the few
cases missed by the EIA and exclude cases with low-level
background shedding.

Previous studies have compared different methods
of detecting rotavirus in fecal specimens. These studies
should be directly compared with caution because they
used different commercial assays and different PCR tech-
niques; however, trends in patterns of detection can be
compared. Similar to researchers in the United Kingdom,
we found significantly lower C, values (higher viral loads)
in fecal specimens from patients with AGE that tested
positive for rotavirus by EIA than in qRT-PCR—positive

Table 2. Comparison of laboratory results in a study of the use of diagnostic assays for rotavirus in children with AGE, 3 New Vaccine

Surveillance Network sites (USA), October 2008—October 2009*

Children with AGE

Healthy controls

Rotavirus EIA+, Rotavirus EIA-, All,
Laboratory result n =158 n =490 p valuet n =500 p valuef p value§
Virus detected by gRT-PCR 157 (99) 65 (13) <0.001 24 (5) <0.001 <0.001
Of those with virus detected
Median C; value (range) 18 (11-40) 36 (23-45) <0.001 32 (21-44) <0.001 0.02
G and P type determined 155 (99) 8 (12) <0.001 12 (50) <0.001 <0.001
Vaccine strain detected 1(1) 0 0.52 11 (46) <0.001 <0.001

*Values are no. (%) except as indicated. AGE, acute gastroenteritis; EIA, enzyme immunoassay; +, positive; —, negative; gRT-PCR, semiquantitative

reverse transcription PCR; C,, cycle threshold.

tChildren with specimens that are EIA+ vs. EIA- for rotavirus.
FChildren with specimens EIA+ for rotavirus vs. healthy children.
§Children with specimens EIA- for rotavirus vs. healthy children.
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Table 3. VE using different case and control definitions in a study of the use of diagnostic assays for rotavirus in children >8 months of

age with acute gastroenteritis, 3 New Vaccine Surveillance Network sites (USA), October 2008—October 2009*

Definition, no. doses No. (%) cases No. (%) controls % VE (95% Cht

ElA+ cases and EIA- controls 128 302
0 98 (77) 115 (38) NA
1 6 (5) 15 (5) 51 (-38 to 83)
2 4 (3) 43 (14) 90 (70-97)
3 20 (16) 129 (43) 84 (71-91)
EIA+ case and qRT-PCR- controls 128 266
0 98 (77) 99 (37) NA
1 6 (5) 13 (5) 47 (-53 to 82)
2 4 (3) 40 (15) 89 (66-96)
3 20 (16) 114 (43) 83 (68-91)
gRT-PCR+ cases and qRT-PCR- controls 164 266
0 114 (70) 99 (37) NA
1 8 (5) 13 (5) 47 (-38 to 80)
2 7(4) 40 (15) 85 (64-94)
3 35 (21) 114 (43) 75 (58-86)
EIA- and qRT-PCR+ cases vs. EIA- and qRT-PCR- 36 266
controls
0 16 (44) 99 (37) NA
1 2 (6) 13 (5) 21 (-309 to 80)
2 3(8) 40 (15) 47 (-108 to 87)
3 15 (42) 114 (43) 14 (-105 to 64)

*VE, vaccine effectiveness; EIA, enzyme immunoassay; +, positive; —, negative; NA, not applicable; gqRT-PCR, semiquantitative reverse transcription

PCR.

tControlling for age (in months), month and year of birth, and month of iliness onset in the analysis.

specimens from patients with AGE whose feces tested
negative for rotavirus by EIA or from healthy controls (7).
Among UK children <5 years of age who had AGE, use
of conventional RT-PCR increased the rotavirus detection
rate from 17% by ELISA to 54% by PCR (6). However,
rotavirus also was detected in 23% of healthy controls by
PCR, compared with only 1% of those in whom virus was
detected by ELISA. In a study in the United States, rotavi-
rus detection rates for patients with AGE were similar be-
tween conventional RT-PCR and EIA (53% and 49%, re-
spectively), but in 18% of healthy controls, rotavirus was
detected by conventional RT-PCR, whereas no healthy
controls were positive by EIA (4). We found a much lower
rotavirus detection rate among healthy children (5%) than
was found in the previous studies in the United States and
United Kingdom (18% and 23%, respectively). The low
detection rate among healthy controls in our study also
might be partially attributable to the eligibility criteria for
healthy controls that required a child to be 14 days without
AGE before enrollment and the fecal specimen obtained
within 5 days enrollment. In addition, unlike the previous
studies, our study was conducted after the introduction of
rotavirus vaccine into the US immunization program at
a time when rotavirus activity had declined substantially
(22—-24). The lower detection rate of rotavirus in healthy
children in our study may reflect this decrease in rotavirus
activity after vaccine introduction; that is, fewer children
may have been shedding virus from a previous infection,
some may have had an asymptomatic infection, and in-
fected children who had been vaccinated were possibly
clearing the virus more quickly.
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We detected vaccine virus in 2% of healthy controls,
all of whom were either unvaccinated or had not been vac-
cinated within 4 weeks before illness onset; the source of
vaccine virus for these children is unknown. These vaccine
strains were detected only by qRT-PCR because no healthy
children in whom a vaccine strain was detected were posi-
tive for rotavirus by EIA. RVS virus also was detected in
the fecal specimen from 1 unvaccinated child with AGE;
the source of vaccine virus for this patient was a recently
vaccinated sibling, as described (25). This symptomatic pa-
tient was positive by both EIA and qRT-PCR.

Our study had some limitations. First, if children were
seen for medical care late in their illness or if specimen col-
lection was delayed, rotavirus might have been the cause
of symptoms in some children whose specimens tested
negative for rotavirus by EIA but showed low levels of
qRT-PCR—detected virus. However, 99% of EIA-negative
specimens that had low levels of qRT-PCR—detected virus
were collected from children within 7 days after they were
brought for treatment, and RV5 was not effective against
AGE detected by qRT-PCR only, arguing against this pos-
sibility. Second, an internal positive control was not used
in this study to monitor for false-negative qRT-PCR results
possibly resulting from PCR inhibitors in feces that were
carried over into the RNA extracts. We believe that the
numbers of such samples would have been small because
we detected only 1 EIA-positive, qRT-PCR-negative sam-
ple in this study. Third, the enrollment of some healthy con-
trols during an immunization visit resulted in oversampling
of children shedding vaccine virus. Although we excluded
recently vaccinated children in whom vaccine virus was
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detected, all detected viruses had to be sequenced to iden-
tify children who were shedding vaccine virus. However,
in a true random sample of healthy children, we would ex-
pect some children to be recently vaccinated, so we might
have underestimated the proportion of healthy children in
whom vaccine virus can be detected. Last, because these
data are from an industrialized country in which rotavirus
vaccination is routine, our findings might not apply to de-
veloping countries where the severity of infection, rates of
asymptomatic viral shedding, and performance of the EIA
may differ.

In conclusion, our study, which was performed after
rotavirus vaccine was introduced, supports the use of EIA
for vaccine effectiveness evaluations in patients with AGE,
even though EIA may fail to detect some true rotavirus
shedding at lower levels. Although qRT-PCR increases
the sensitivity of rotavirus detection, some of these cases
may be in children with low-level viral shedding from a
resolved or asymptomatic wild-type rotavirus infection and
not true disease. The use of qRT-PCR with a cutoff C, value
should be further examined as a possible diagnostic tool in
a range of settings, including in developing countries.

This study was supported by a cooperative agreement from
CDC.

Dr Tate is an epidemiologist with the Epidemiology
Branch, Division of Viral Diseases, National Center for Immu-
nization and Respiratory Diseases, CDC. Her research focuses
on the epidemiology of viral gastroenteritis and methods for its
prevention and control.

References

1. Nordgren J, Bucardo F, Svensson L, Lindgren PE. Novel light-upon-
extension real-time PCR assay for simultaneous detection, quanti-
fication, and genogrouping of group A rotavirus. J Clin Microbiol.
2010;48:1859-65. http://dx.doi.org/10.1128/JCM.02288-09

2. Jothikumar N, Kang G, Hill VR. Broadly reactive TagMan assay
for real-time RT-PCR detection of rotavirus in clinical and environ-
mental samples. J Virol Methods. 2009;155:126-31. http://dx.doi.
org/10.1016/j.jviromet.2008.09.025

3. Freeman MM, Kerin T, Hull J, McCaustland K, Gentsch J. Enhance-
ment of detection and quantification of rotavirus in stool using a
modified real-time RT-PCR assay. J Med Virol. 2008;80:1489-96.
http://dx.doi.org/10.1002/jmv.21228

4. Stockman LJ, Staat MA, Holloway M, Bernstein DI, Kerin T,
Hull J, et al. Optimum diagnostic assay and clinical specimen for
routine rotavirus surveillance. J Clin Microbiol. 2008;46:1842-3.
http://dx.doi.org/10.1128/JCM.02329-07

5. Gunson RN, Miller J, Leonard A, Carman WF. Importance of PCR
in the diagnosis and understanding of rotavirus illness in the com-
munity. Commun Dis Public Health. 2003;6:63-5.

6. Amar CF, East CL, Gray J, Iturriza-Gomara M, Maclure EA,
McLauchlin J. Detection by PCR of eight groups of enteric patho-
gens in 4,627 faecal samples: re-examination of the English case—
control Infectious Intestinal Disease Study (1993-1996). Eur J Clin
Microbiol Infect Dis. 2007;26:311-23. http://dx.doi.org/10.1007/
$10096-007-0290-8

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 19, No. 8, August 2013

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Comparison of Assays for Diagnosis of Rotavirus

Phillips G, Lopman B, Tam CC, Iturriza-Gomara M, Brown D,
Gray J. Diagnosing rotavirus A associated IID: using ELISA to iden-
tify a cut-off for real time RT-PCR. J Clin Virol. 2009;44:242-5.
http://dx.doi.org/10.1016/j.jcv.2008.12.001

Kang G, Iturriza-Gomara M, Wheeler JG, Crystal P, Monica B,
Ramani S, et al. Quantitation of group A rotavirus by real-time
reverse-transcription—polymerase  chain  reaction:  correlation
with clinical severity in children in South India. J Med Virol.
2004;73:118-22. http://dx.doi.org/10.1002/jmv.20053

Vesikari T, Matson DO, Dennehy P, Van Damme P, Santosh-
am M, Rodriguez Z, et al. Safety and efficacy of a pentavalent
human-bovine (WC3) reassortant rotavirus vaccine. N Engl J Med.
2006;354:23-33. http://dx.doi.org/10.1056/NEJMo0a052664
Ruiz-Palacios GM, Perez-Schael 1, Velazquez FR, Abate H, Breuer
T, Clemens SC, et al. Safety and efficacy of an attenuated vaccine
against severe rotavirus gastroenteritis. N Engl ] Med. 2006;354:11—
22. http://dx.doi.org/10.1056/NEJMo0a052434

Boom JA, Tate JE, Sahni LC, Rench MA, Hull JJ, Gentsch JR,
et al. Effectiveness of pentavalent rotavirus vaccine in a large ur-
ban population in the United States. Pediatrics. 2010;125:¢199-207.
http://dx.doi.org/10.1542/peds.2009-1021

Boom JA, Tate JE, Sahni LC, Rench MA, Quaye O, Mijatovic-Rus-
tempasic S, et al. Sustained protection from pentavalent rotavirus
vaccination during the second year of life at a large, urban Unit-
ed States pediatric hospital. Pediatr Infect Dis J. 2010;29:1133-5.
http://dx.doi.org/10.1097/INF.0b013e3181ed18ab

Cortese MM, Leblanc J, White KE, Jerris RC, Stinchfield P,
Preston KL, et al. Leveraging state immunization information
systems to measure the effectiveness of rotavirus vaccine. Pediat-
rics. 2011;128:e1474-81. http://dx.doi.org/10.1542/peds.2011-1006
Staat MA, Payne DC, Donauer S, Weinberg GA, Edwards KM,
Szilagyi PG, et al. Effectiveness of pentavalent rotavirus vaccine
against severe disease. Pediatrics. 2011;128:e267-75. http://dx.doi.
org/10.1542/peds.2010-3722

Snelling TL, Andrews RM, Kirkwood CD, Culvenor S, Carape-
tis JR. Case—control evaluation of the effectiveness of the G1P[8]
human rotavirus vaccine during an outbreak of rotavirus G2P[4]
infection in central Australia. Clin Infect Dis. 2011;52:191-9.
http://dx.doi.org/10.1093/cid/ciq101

Correia JB, Patel MM, Nakagomi O, Montenegro FM, Germano
EM, Correia NB, et al. Effectiveness of monovalent rotavirus
vaccine (Rotarix) against severe diarrhea caused by serotypically
unrelated G2P[4] strains in Brazil. J Infect Dis. 2010;201:363-9.
http://dx.doi.org/10.1086/649843

Castilla J, Beristain X, Martinez-Artola V, Navascues A, Garcia
Cenoz M, Alvarez N, et al. Effectiveness of rotavirus vaccines in
preventing cases and hospitalizations due to rotavirus gastroen-
teritis in Navarre, Spain. Vaccine. 2012;30:539-43. http://dx.doi.
org/10.1016/j.vaccine.2011.11.071

Martinon-Torres F, Bouzén Alejandro M, Redondo Collazo L,
Sanchez Lastres JM, Pértega Diaz S, Seoane Pillado MT, et al. Effec-
tiveness of rotavirus vaccination in Spain. Hum Vaccin. 2011;7:757—
61. http://dx.doi.org/10.4161/hv.7.7.15576

Muhsen K, Shulman L, Kasem E, Rubinstein U, Shachter J, Kre-
mer A, et al. Effectiveness of rotavirus vaccines for prevention of
rotavirus gastroenteritis-associated hospitalizations in Israel: a case—
control study. Hum Vaccin. 2010;6:450—4. http://dx.doi.org/10.4161/
hv.6.6.11759

Payne DC, Staat MA, Edwards KM, Szilagyi PG, Gentsch JR,
Stockman LJ, et al. Active, population-based surveillance for severe
rotavirus gastroenteritis in children in the United States. Pediatrics.
2008;122:1235-43. http://dx.doi.org/10.1542/peds.2007-3378
Payne DC, Edwards KM, Bowen MD, Keckley E, Peters J,
Esona MD, et al. Sibling transmission of vaccine-derived rotavi-
rus (RotaTeq) associated with rotavirus gastroenteritis. Pediatrics.
2010;125:e438-41. http://dx.doi.org/10.1542/peds.2009-1901

1251



RESEARCH

22.

23.

Payne DC, Staat MA, Edwards KM, Szilagyi PG, Weinberg
GA, Hall CB, et al. Direct and indirect effects of rotavirus
vaccination upon childhood hospitalizations in 3 US counties,
2006-2009. Clin Infect Dis. 2011;53:245-53. http://dx.doi.
org/10.1093/cid/cir307

Tate JE, Panozzo CA, Payne DC, Patel MM, Cortese MM,
Fowlkes AL, et al. Decline and change in seasonality of US rotavi-
rus activity after the introduction of rotavirus vaccine. Pediatrics.
2009;124:465-71. http://dx.doi.org/10.1542/peds.2008-3528

24.

Tate JE, Mutuc JD, Panozzo CA, Payne DC, Cortese MM, Cortes
JE, et al. Sustained decline in rotavirus detections in the United
States following the introduction of rotavirus vaccine in 2006.
Pediatr Infect Dis J. 2011;30(Suppl):S30—4. http://dx.doi.
org/10.1097/INF.0b013e3181ffe3eb

Address for correspondence: Jacqueline E. Tate, Centers for Disease
Control and Prevention, 1600 Clifton Rad NE, Mailstop A34, Atlanta, GA
30333, USA; email: jqt8@cdc.gov

www.cdc.gov/eid §
M1

Sepsonol Cyclesand
Susceptibilify 1o Infecions -

1252

Emerging Infectious Diseases * www.cdc.gov/eid « Vol.

19, No. 8, August 2013



