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Rotavirus Hospital Surveillance in the Era of Immunization
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Abstract: Background: In 2006 a rotavirus (RV) vaccine (Rota Teq®) was licensed for routine childhood immunization in
the US. The aim of the present study was to track changes in RV hospital visits and to monitor circulating RV genotypes
as vaccination was introduced into New Orleans, Louisiana.

Methods: From July 2005 to June 2009, RV-positive stool specimens were systematically collected, viral RNA was
extracted and subjected to semi-nested multiplex Reverse-Transcription PCR with primers specific for the gene 9 (G)
types G1, G2, G3, G4, G9, and the gene 4 (P) types P[4], P[6], P[8], P[9] and P[10]. Clinical records of RV-positive
children were reviewed.

Results: As RV-vaccination was introduced, there was a decrease in the rate of RV-positive cases (per 1,000 hospital
visits) from 3.82 to 0.73. A change was noted in the prevailing genotypes, from a predominance of G1P[8] strains to a
predominance of G3P[8]. Most affected children were unimmunized. Sequence analysis of gene 9 and gene 4 showed that
the circulating strains remained relatively stable over the years studied in this project.

Conclusion: In New Orleans, G3P[8] is becoming a predominant strain of RV. The cause of this change observed has
not been determined. It is unclear whether this phenomenon represents natural variation or it is caused by introduction of

vaccines.
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INTRODUCTION

Rotaviruses (RV) represent the main cause of severe,
dehydrating diarrhea in infants and young children. In the
US, in the pre-vaccine era, RV were responsible for more
than 2.7 million infections, 410,000 office visits, 205,000-
272,000 emergency department (ED) visits, 55,000-70,000
hospitalizations and 20-60 deaths every year, translating into
approximately 1 billion dollars expenses [1]. To control the
burden of RV disease, two vaccines have been made avail-
able for routine childhood immunization in the US: Rota
Teq” (RV5, Merck & Co., Inc) and Rotarix® (RVI,
GlaxoSmithKline). The American Academy of Pediatrics
recommends routine immunization of infants with either
RVS5 or RV1 [2]. Of the two, RVS has been the vaccine
predominantly utilized in New Orleans. Pre-licensure studies
of RV5 showed 74% (95% confidence interval [CI] = 67%,
80%) efficacy in preventing RV-cases of any severity and 96%
(95%CI = 91%, 98%) to prevent hospitalizations [1, 3]. RV5
was licensed in 2006 and, soon after, the Centers for Disease
Control and Prevention (CDC, Atlanta, GA) reported that for
the 2007-08 season there was a decrease and delay in the
regular RV yearly winter season, concomitant with the
increased use of the vaccine nation-wide [4]. This decrease
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in RV-related hospitalization was confirmed by a recent
publication from the Children’s Hospital of Philadelphia [5].

Typing of RV strains is based on the two outer capsid
proteins: viral protein 7 (VP7) and VP4 [6]. VP7 is encoded
in gene 9 and the various types are called G types. There are
at least 19 described G types with 4 of them (G1-G4) being
the most common in the US and accounting for 90% of iso-
lates [1]. Unusual G types (such as G9, G12 and others) are
being increasingly recognized in the US [7,8]. VP4 is en-
coded in gene 4 and the various genotypes are called P types
and indicated in brackets. There are at least 28 P types de-
scribed; the most common is P[8] which accounts for 85%
isolates in the US [1]. RV strains are designated by a binary
system of G and P specificity. Overall, the most common
strains are G1P[8], accounting for 78% isolates in the US
[1], but there is marked natural year-to-year variation in the
prevailing types [9]. RV5 has been formulated to contain
human-bovine RV reassortant strains representative of the
most common G and P types, ie, G1, G2, G3, G4 and P[8].
However, since not all types are represented, it is possible
that the immunologic pressure introduced by vaccination
may lead to the emergence of uncommon genotypes, includ-
ing some not included in the current vaccines.

The aim of the present study was to track changes in RV
hospital visits (either ED visits or hospital admissions) as
RV vaccines are introduced in our community and to moni-
tor changes in the circulating RV genotypes. These data
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would have potential public health implications regarding
the impact of RV immunization on the disease.

METHODS
Surveillance Site

Children’s Hospital, New Orleans, a 200-bed facility, is
the main tertiary care pediatric center in the area, attending
approximately 45,000 annual ED visits. Although at the dis-
cretion of the attending physician, it is routine - especially
during the winter season - to test a stool specimen of any
child presenting with diarrhea by the use of a commercially
available enzyme immune assay (Rotaclone, Meridian
Diagnostics) for the possibility of RV etiology. From
July 2005 to June 2009, specimens that tested positive
for RV were systematically stored at -70 °C until processed
for genotyping. Data from the 5 years previous to the
study showed that rotavirus season last 3-4 months in New
Orleans with peaks fluctuating between January and April.
For the purpose of this study, each surveillance season
spanned from July 1% of a given year to June 30" the follow-
ing year. Since we could not directly measure the amount of
RV vaccine used in the community, we used the data of a
sentinel pediatric practice, the Children’s Hospital Medical
Practice Corporation (CHMPC) which represents the largest
practice referring patients to Children’s Hospital, New
Orleans, to estimate the approximate level of vaccine utiliza-
tion (data kindly provided by Dr. Keith Perrin). Vaccine
utilization was calculated as the percent of children < 1 year
of age seen at the practice in a given surveillance season
that received at least 1 dose of RVS. This sentinel pediatric
practice has used RVS5 exclusively as their RV vaccine since
mid-2006.

Genotyping

The protocol utilized by the CDC and kindly provided by
Dr. Jon Gentsch was used for genotyping [10]. Briefly, stool
specimens were thawed, a 1:5 to 1:10 suspension in
RNase/DNase-free phosphate buffered saline (either weight/
vol or vol/vol, as appropriate) was prepared, viral RNA was
extracted (using QIAamp Viral RNA Kit, Qiagen) and sub-
jected to semi-nested multiplex Reverse-Transcription PCR
(iCycler Thermal Cycler, Bio-Rad Laboratories, Hercules,
CA, USA). The first round of amplification used Qiagen’s
One Step RT-PCR kit for reverse-transcription and amplifi-
cation with primers that targeted consensus sequences of
either gene 9 or gene 4 of RV. G typing primers 9conlL and
VP7R (bp: 37-933) and P typing primers con3 and con2 (bp:
11-877) were used. Regular PCR amplification (anneal at 42
°C) was used for the second round utilizing the same consen-
sus 5’-primers as the first round mixed with a pool of G or P
type specific 3’-primers: G typing primers G1 (9T-1, 9T1-
DG), G2 (9T-2), G3 (93-TP), G4 (9T-4), G9 (9T-9B) and P
typing primers P[4] (2T-1), P[6] (3T-1), P[8] (1T-1, 1T1-
Vietnam, JRG237), P[9] (4T-1) and P[10] (5T-1). Each G or
P type is identified based on its corresponding and different
sized amplicon. The sequences for the primers and amplicon
sizes are specified in the reference [10]. Selected G and P
first round amplicons were sent to Louisiana State University
Health Sciences Center, Genomics Core Facility, for se-
quencing.
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Clinical Information

Clinical records (either ED or admit) of children identi-
fied with RV infection were reviewed to determine age, need
for admission and length of stay (as surrogates for disease
severity). Hospital-acquired infections (i.e, those evident > 3
days after admission) were excluded from the study.
CHMPC records were reviewed to obtain information on
receipt of RV vaccine by the child. Additional baseline
(pre-vaccine) data from season 2004-05 was collected.

Human Subject Research

Protocol review, approval and oversight were provided
by the Institutional Review Board of Louisiana State Univer-
sity Health Sciences Center and Children’s Hospital, New
Orleans, LA. The study was granted Waiver of HIPAA
Authorization and Waiver of Informed Consent status.

Statistical Analysis

For statistical analyses, Epi-Info’s Statcalc program (Epi-
Info, version 3.5, CDC, Atlanta, GA) was used to calculate
ratios and 95% Confidence Intervals (95%CI). Proportions
were compared by calculation of 2-sided chi-square test with
Yates correction.

RESULTS
Rotavirus Activity (Table 1)

Before the introduction of RV vaccination (season 2004-
05 and 2005-06), the rate of RV-positive cases per 1,000 ED
visits remained relatively constant at 3.82 and 3.79, respec-
tively. In 2006-07, the year RV5 was introduced in the
community (in the sentinel practice the utilization was 18%),
there was a modest but significant decrease (28% decrease,
95%CI = 9%, 42%) in the rate of RV-positive cases to 2.76,
with further decrease to 0.73 (81% decrease, 95%CI = 73%,
87%) in 2007-08 when RV5 was more widely utilized (50%
in sentinel practice). In 08-09, despite a continue use of RV5
(56% in the sentinel practice) an increase to 1.55 was noted
in the rate of RV activity detected. This rate of RV disease
for 2008-09 was significantly higher than the previous 2007-
08 season (113% increase, 95%CI = 43%, 217%); the overall
rate of RV disease, however, still remained lower (59% de-
crease, 95%CI = 47%, 69%) than pre-vaccine rates.

Clinical Characteristics (Table 2)

During the first 4 seasons under study, two of which pre-
ceded the introduction of the vaccine (2004-05 and 2005-06)
and two of which were subsequent to the introduction of the
vaccine (2006-07 and 2007-08), the age of the RV-positive
patients remained stable (mean = 2.3 years) with 20.2% (94
of 465) of these children being 3 years and older. In contrast,
during the last season (2008-09), the age of the affected pa-
tients increased (mean = 2.9 years) with 37.8% of them (30
of 79; p <0.0001) being 3 years and older. It should be noted
that children 3 years and older were too old to have received
the vaccine in the years under study. The proportion of RV-
positive patients hospitalized (77%) and their length of stay
(mean = 2.3 days) remained constant over the entire study
period.
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Table 1. Percent of Children <1 Year of Age Vaccinated with > 1 Dose of Rotavirus Vaccine at the Sentinel Practice and Rate (per
1,000 Emergency Department Visits) of Rotavirus-Positive Cases Identified at Children’s Hospital of New Orleans
Surveillance Season
2004-05 2005-06 2006-07 2007-08 2008-09
RV vaccine use (%) 0 0 18.4 50.2 56.2
No. ED visits 50,575 29,817 44,947 47,950 50,952
No. RV-positive 193 113 124 35 79
Rate * 3.82 3.79 2.76 0.73 1.55
“ Rate per 1,000 ED visits; ED = Emergency Department; RV = rotavirus.
Table2. Clinical Characteristics of Rotavirus-Positive Cases Seen at Children’s Hospital, New Orleans
Surveillance Season
2004-05 2005-06 2006-07 2007-08 2008-09
No. cases 193 113 124 35 79
Age (years) * 1.97 (2.14) 2.48 (3.07) 229 (2.74) 2.00 (1.61) 2.90 (2.62)
No. (%) > 3 years 34(17.6) 27 (23.9) 28 (22.6) 5(14.3) 30 (40.0)
No. (%) admitted 152 (78.8) 94 (83.2) 98 (79.0) 21 (60.0) 55 (69.7)
Length of stay (days) 2.34(1.78) 2.44 (1.63) 2.73 (2.77) 2.19(0.98) 2.25 (1.54)

* mean (standard deviation).

Immunization Status

RVS5 was made available to the area in August-2006. Of
the 114 children detected with RV-infection during the 2007-
08 and 2008-09 seasons, 43 (38%) were CHMPC patients.
Of them, 20 were out of the age range indicated for RVS
immunization (either too young or too old) and of the 23
age-eligible children (mean age: 1.6 years; SD = 0.58 years),
only 2 (8.7%) had received RVS5. Neither of these 2 children
received the complete 3-dose vaccine series. One child re-
ceived a single vaccine dose (RV infection 6 months post
vaccination) and the other child received 2 doses of the vac-
cine (RV infection 16 months post vaccination). The geno-
types detected in these two partially vaccinated children
were G1P[8] and G3P[8], respectively. In contrast, 1165
children (totaling 1,469 episodes) with RV-negative diarrhea
were detected during the same period; of them, 253 (22%)
were CHMPC patients, and 43 (30%) of the 142 age-eligible
children (mean age: 0.92 years; SD = 0.55 years) had
received at least one dose RV5 (18 one dose, 24 two doses
and 18 three doses) before the episode of diarrhea. Hence,
having received RV5 was more common among RV-
negative than RV-positive cases (p = 0.031).

Genotype Distribution (Table 3)

Throughout seasons 2005-06 to 2008-09, a total of 351
RV-positive patients were identified and 221 (63%) had
specimens available for genotyping. Four specimens could

not be typed (no first- or second-round PCR product
obtained despite multiple attempts with the consensus and
type specific primers). In the 2005-06 season (pre-vaccine),
G1P[8] was the predominant genotype accounting for 78%
of the typed specimens, and G2P[4] was second most com-
mon accounting for 14% of the total typed specimens. In
2006-07, as the vaccine was introduced in the community
(18% vaccine utilization), G1P[8] genotype decreased (42%
of cases), while G2P[4] increased (25% of cases) and a wide
variety of other genotypes appeared including G3P[8] which
accounted for 12% of cases. In 2007-08 (vaccine utilization
50%), a significant decrease in the number of specimens was
noted with equal representation of G1P[8] and G3P[8] (about
50% of cases, each). Finally, in 2008-09, (vaccine utilization
56%) G3P[8] became the predominant genotype (85% of
cases) and G1P[8] fell to the second most common type
(12% of cases).

G3 and P[8] Sequences (Table 4)

Since the last season was characterized by an increase in
infections by G3P[8] genotypes despite those 2 types being
present in RVS5, representative strains from each season (ex-
cept season 2004-05 which could not be amplified) were
sequenced and compared to the respective strains present in
RVS. These were partial sequences of either the gene 9 or
gene 4 first round amplicon (~750 bp). To assign the nucleo-
tide and amino acid positions, reference sequences (Gen-
Bank accession number EU159191 for VP7 and L34161 for
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Table3. Rotavirus Genotype Distribution Over the Years
Surveillance Season
Genotype 2005-06 2006-07 2007-08 2008-09
No. RV-cases 113 124 35 79
No. specimens 60 74 19 68
Untypables 1 1 2
G1P[4] 1 2
GI1P[6] 1 2
G1P[8] 46 31 10 8
G2P[4] 8 18
G2P[6] 6
G2P[8] 1
G3P[6] 2
G3P[8] 2 9 9 56
G4P[8] 1
G9P[8] 2
G12P[6] 1 1

Note: Predominant genotypes are highlighted in bold.

VP4) were used. G3 sequences were 93.6%-94.2% homolo-
gous to RV5’s G3 strain at the nucleotide level and 96.4%-
97.2% at the amino acid level. P[8] strains had few more
amino acid changes compared to RVS5’s strain, with homol-
ogy of 92.7%-93.4% at the nucleotide level and 93.7%-
94.9% at the amino acid level. Both G3 and P[8] strains
proved to be very stable over time with very few additional
amino acid changes noted.

DISCUSSION

The goal inherent in the introduction of each vaccine is to
reduce the burden of the disease targeted in the appropriate
population. In that regard, similar to what has been described
by others, our study found that concomitant with the intro-
duction of RVS in the community there was a decrease in the
rate of RV-disease [4, 5]. Interestingly, in 2008-09, despite
continue use of the vaccine, we noted an increase in the
number of cases of RV, even though the rate remained about
50% lower than the corresponding value before vaccination.
This increased detection did not seem to be caused by a
change in testing practices since we found that the rate of
RV testing (per 1,000 ER visits) at Children’s Hospital re-
mained constant over the years studied (mean = 18.0;
annual range: 16.5-19.5).

But as the pathogen ceases to circulate, an ecological
void is created that could be filled by related agents. For ex-
ample, introduction of the pentavalent pneumococcal vaccine
has been associated with a marked decrease in disease
caused by Streptococcus pneumoniae [11], yet the benefit

has been partially offset by an increase in the infection
caused by serotypes not included in the vaccine, particularly
serotype 19A [12-14]. Whether a similar phenomenon will
occur with introduction of the RV vaccines must be investi-
gated. In our study we saw a decrease in prevalence of the
common G1P[8] genotypes and an increase in the uncom-
mon G3P[8] genotype. This finding is similar to what has
been recently described at Children’s Hospital of Philadel-
phia [5]. RV is a segmented virus; like influenza it reassorts
easily. As a result, RV genotype variations occur frequently
and seasons marked by unusual genotypes have been previ-
ously documented [7]. Predominance of G3P[8] isolates
happen to be uncommon, though. We do not have pre-
existing data on RV genotypes in New Orleans, but in a
study in Southern New England, G3 strains (by serotyping
and RNA electrophoresis) were predominant in only 1 of 9
seasons (1982-91) investigated [9], and in Philadelphia the
previously G3-predominant season occurred 13 years (1994-
95) before their current emergence of G3P[8] genotypes [5].
Furthermore, a recent comprehensive review of RV geno-
types circulating in several cities from different U.S. regions
found only 54 of 3,159 (1.7%) isolates to be G3P[8], and this
genotype did not predominate in any of the seasons studied
(1996-97 through 2004-05) [15]. So, even though the present
G3P[8] predominance may be explained by natural variation,
that seems an unusual event. The role that the vaccine may
be playing in this shift of genotypes is uncertain and will
require additional years of surveillance.
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G3 and P[8] Sequences of Selected Strains Over the Years, as Compared to RV5’s (Rota Teq). To Determine Amino Acid

Positions, GenBank Sequences (EU159191 and L34161 for G3 and P[8], Respectively) were used. Footnote Indicates

Amino Acid Substitution, as Compared to RV5

G3 Sequences

Year Strain Amino Acid Differences as Compared to RVS Sequence
2006-07 0607 65 107 113 211 237 241 265
0618 65 107 113 211 237 241 265
0625 65 107 113 211 237 241 265
2007-08 0711 65 107 113 211 217 237 241
0718 65 107 113 211 217 237 241
2008-09 0802 65 107 113 211 217 237 241
0817 65 71 107 113 211 217 237 241
0828 65 71 107 113 211 217 237 241
0841 65 107 113 211 212 217 237 241
0851 65 71 99 107 113 211 217 237 241
0861 65 107 113 211 237 241

S65P, R71Q, D99N, T1071, E113G, A211T, N212S, V2171, K237N, D241N, S265P.

P[8] Sequences

Year Strain Amino Acid Differences as Compared to RVS Sequence
2006-07 | 0607 51 77 105 107 113 119 146 149 161 172 | 194 | 198 241 |251
0618 51 77 105 107 113 119 146 149 161 172 | 194 | 198 241 |251
0625 51 77 105 107 113 119 146 149 161 172 | 194 | 198 241 |251
2007-08 | 0711 51 77 105 107 112 119 144 149 161 194 | 198 | 212 251
2008-09 | 0802 51 77 105 107 112 119 144 149 161 194 | 198 251
0817 51 77 105 107 112 119 144 149 161 194 | 198 251
0828 51 77 105 107 112 119 144 149 161 194 | 198 251
0841 51 77 105 107 112 119 144 149 161 194 | 198 251
0851 51 77 105 107 112 119 144 149 161 194 | 198 251
0861 51 77 105 107 112 119 144 149 161 194 | 198 251

YS51H,177T, V1051, 1107V, N112D, P113S, T119N, S144G, S146N, E149D, K161R, 1172V, D194G, 1198T, S212F, 1241V, E251D.

Reassuringly, the vaccine appears to remain protective to
the currently circulating strains, as only 2 cases of RV dis-
ease in partially immunized children were detected in our
study. In line with the finding that the vaccine remains effec-
tive is the fact that the now circulating G3P[8] strains in our
area remain relatively stable at the gene level (at least for the
genes and segments sequenced). Some of the amino acid
differences detected fall within regions of VP7 (amino acid
87-101 and 208-221) [16-19] and VP4 (amino acid 180, 183,
228-241) [20,21] that have been suggested as important for

immune protection. Yet the circulating strains do not seem to
be evading vaccine-induced immunity. Another finding of
our study is that the age of children affected by RV disease
is increasing, even though the severity of the disease — at
least for those requiring an ED visit - remains the same.
In other words, the prevailing G3P[8] genotype seems to
be affecting either young unimmunized children, or older
children with no natural immunity to this strain, which likely
has only rarely circulated in the community for the past few
years.



94 The Open Vaccine Journal, 2010, Volume 3

Few limitations to our study should be noted. First, our
study looks at the short-term phenomena of introduction of
RV vaccination and changes in the epidemiology of the
disease; the link between the two and possible causality will
become more clear with ongoing observation. It is likely
that the scenario will continue to evolve as either natural or
vaccine-induced immunity changes in the community.
G3P[8] may remain predominant or it may be replaced
by other types and the clinical presentation of RV-disease
may change as well. Second, we have limited data from
pre-vaccine years since we only recently initiated our
project, so we must rely on regional and national data to
help interpret our findings. Third, our data comes from a
single hospital facility in New Orleans. Still, Children’s
Hospital represents the largest pediatric facility in the area
accounting for about 50% pediatric hospitalizations in New
Orleans and hence — even though not complete — it likely
provides a good indication of RV disease severe enough
to be seen in the ED or hospitalized. Fourth, since we did
not have access to community-wide information on RV
vaccination, we used a sentinel practice to monitor this
parameter. The sentinel practice is a group of 38 physicians
practicing in 14 locations across the Greater New Orleans
area with a large patient base representative of the commu-
nity and accounts for 18.5% of patients seen for acute
gastroenteritis at Children’s Hospital. We don’t know how
well the use of RV vaccine in this practice reflected the use
in other practices but this was the best source of information
that we had available to the study. Fifth, there was no
systematic RV testing of all children with diarrhea but
rather that was left to the discretion of the attending practi-
tioner. Still, it is common practice at Children’s Hospital to
test most children with diarrhea for RV, especially during
the winter. For example, for CHMPC hospitalized patients
we found that most cases were tested for RV etiology (81%)
and that number remained constant over the study years
(range: 81-82%). Finally, RV severity was defined by
hospitalization and length of stay. A standard severity
score (like the 20-point Vesikari scale) likely would have
been more sensitivity to detect changes in severity over
the years, but we encountered much missing data, making
its use unreliable.

In summary, our study shows that in the immediate
period following introduction of RV vaccine in our area, the
epidemiology of the disease and the genotype distribution of
the prevailing strains seem to be changing. Understanding
the relationship between these events as well as the direction
that these changes will undertake in the future will require
ongoing surveillance.
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