Impact of Rotavirus Vaccination on Hospital-Acquired
Rotavirus Gastroenteritis in Children
WHAT’S KNOWN ON THIS SUBJECT: Approximately 27% of
children with rotavirus in the hospital acquire it while
hospitalized for another condition. Pediatric rotavirus vaccination
greatly decreased the number of children hospitalized with
rotavirus from 2007 to 2008.
WHAT THIS STUDY ADDS: Routine community-based rotavirus
infant vaccination protects hospitalized children from acquiring
rotavirus. Thus, community-based vaccination efforts should be
encouraged as a strategy to decrease hospital-acquired
rotavirus.
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abstract
OBJECTIVE: Data show that after the implementation of routine rotavirus vaccination for infants in the United States, community-acquired
(CA) rotavirus cases declined substantially in the 2007–2008 season.
The impact of community-based rotavirus vaccination on the substantial burden of hospital-acquired (HA) rotavirus has not been
documented.
PATIENTS AND METHODS: We assessed CA and HA rotavirus, respiratory syncytial virus, and inﬂuenza infections at Children’s Memorial
Hospital for 5 winter seasons (deﬁned as occurring from September
through May) from 2003 to 2008. We also report rotavirus data from the
2008 –2009 season.
RESULTS: A similar dramatic decline (⬎60% compared with the median of previous seasons) occurred in the rates of cases of both CA (P
⬍ .0001) rotavirus hospitalizations and HA (P ⬍ .01) rotavirus infections in the 2007–2008 season compared with previous seasons,
whereas the rates of CA and HA inﬂuenza and respiratory syncytial
virus, respectively, remained stable. Improvements in hand-hygiene
compliance did not correlate with a reduction in the transmission rate
of rotavirus in the hospital. Both CA and HA rotavirus rates remained
much lower in the 2008 –2009 than in the 2003–2007 seasons.
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CONCLUSIONS: Community-based rotavirus vaccination is associated
with a substantial reduction in the number of children who are admitted with rotavirus. These data also indicate that routine communitybased rotavirus infant vaccination protects hospitalized children from
acquiring rotavirus. Vaccination efforts should be encouraged as a
strategy to affect the substantial burden of HA rotavirus. Pediatrics
2011;127:e264–e270
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In the prevaccine era, rotavirus occurred in virtually all children by the
age of 5 years, with ⬃1 in 80 US children requiring hospitalization.1,2 Rotavirus primarily is transmitted fecalorally, with hospital-acquired (HA)
transmission occurring at rates of
0.46 to 15.8 per 1000 patient-days.3– 8 In
the prevaccination era, an estimated
16 000 to 19 000 hospitalizations per
year (⬃27% of the total rotavirus hospitalization burden) were because of
HA rotavirus acquisition.9 The ﬁrst of 2
oral rotavirus vaccines was licensed in
the United States in February 2006.
During the 2007–2008 rotavirus season, a signiﬁcant decline occurred in
the rate of community-acquired (CA)
rotavirus infections that temporally
correlated with widespread rotavirus
vaccination.10–14 This dramatic decline
was sustained into the 2008 –2009 rotavirus season.15 A decrease in the
number of CA rotavirus hospitalizations could reduce the exposure of
other hospitalized children to rotavirus, thus decreasing HA rotavirus. In
this article, we describe the burden of
HA rotavirus among pediatric inpatients at Children’s Memorial Hospital
(CMH) both before and after the introduction of rotavirus vaccination. We
also compare HA rotavirus infections
with 2 other common pediatric HA
pathogens, inﬂuenza and respiratory
syncytial virus (RSV), to help control
for subtle changes in infection-control
practices that could impact HA
rotavirus.

of vomiting or diarrhea underwent
rapid antigen testing for rotavirus (X/
pect Rotavirus [Remel, Lenexa, KS]) for
infection control (bed placement).
Similarly, all patients with fever and
respiratory tract symptoms who required admission or hospitalized patients who developed these symptoms
underwent rapid antigen testing for inﬂuenza (BinaxNOW Inﬂuenza A and B
[Inverness Medical Professional Diagnostics, Princeton, NJ]) and RSV
(BinaxNOW RSV [Inverness Medical
Professional Diagnostics]). Infectioncontrol staff met daily with charge
nurses to discuss all hospitalized patients to ensure adherence to these
policies. Contact precautions were
used at CMH for patients with rotavirus, whereas contact and droplet precautions were used for patients with
inﬂuenza or RSV.

PATIENTS AND METHODS

HA rotavirus infections were deﬁned
as infections not present or incubating
on admission with a positive test more
than 72 hours after admission,
whereas CA rotavirus infections were
deﬁned as infections with a positive
test with symptoms on admission or
72 hours or less after admission. In addition, if rotavirus symptoms started
less than 72 hours after hospital discharge and the patient was readmitted
within 7 days of discharge with a positive rotavirus test, the infection was
considered to be HA. A similar deﬁnition was used to differentiate HA from
CA inﬂuenza, but for RSV the time was
extended to 96 hours because virus incubation is longer.16,17

It was determined that this study be
exempt from review by the CMH institutional review board. The study was
conducted at CMH, a 270-bed pediatric
hospital in Chicago, Illinois. Each winter viral season was deﬁned as occurring from September 1 to May 31. During the winter viral season, all patients
admitted with vomiting or diarrhea
and all hospitalized patients with onset

The number of CA and HA viral infections (rotavirus, inﬂuenza, and
RSV), the number of hospitalizations,
and the number of patient-days were
determined for each viral season from
September 1, 2003, to May 31, 2008. The
number of CA viral infections per 100
hospital admissions and the HA viral
infection rate per 1000 patient-days
were calculated. A rate of transmis-

sion (HA cases and CA cases) was calculated to account for season-toseason variation in the burden of CA
infections (which impacts the risk of
HA infections). HA and CA rotavirus
data were compared with those for inﬂuenza and RSV. In addition, health
care worker hand-hygiene compliance
rates during the viral season (assessed by independent observation)
were available beginning September
2005 and were compared with transmission rates.
We also include CA and HA rotavirus
data for 2008 –2009. The occurrence of
the inﬂuenza pandemic caused by the
2009 H1N1 inﬂuenza in the spring of
2009 substantially impacted the CA inﬂuenza numbers and also resulted in
the implementation of a number of
new infection-control policies that impacted the risk of HA inﬂuenza. Thus,
only rotavirus data from 2008 to 2009
are presented.
Differences of the rates over time were
compared using least-square means
contrasts in the Poisson regression
analysis. The linear regression analysis was conducted to evaluate the
transmission rates of 3 viruses over
time. Statistical signiﬁcance was determined at the 5% level. Data were analyzed by using SAS 9.2 (SAS Institute,
Inc, Cary, NC).

RESULTS
CA infections per 100 admissions are
shown in Fig 1. The 2003–2004 season
was relatively mild for both rotavirus
and RSV. This was particularly the case
for rotavirus when compared with the
2005–2006 (P ⫽ .0211) and 2006 –2007
(P ⫽ .0019) seasons. In contrast, in
2003–2004 inﬂuenza had the highest
admission rate compared with the following seasons: 2004 –2005 (P ⫽
.0001); 2005–2006 (P ⫽ .0003); 2006 –
2007 (P ⫽ .0376); and 2007–2008 (P ⫽
.0270). CA rotavirus hospitalizations in
the 2007–2008 season declined from
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FIGURE 1

CA viral infection admissions per 100 admissions. a P ⱕ .003 versus the 2003–2004 season; b P ⬍ .04 versus the 2003–2004 season; c P ⱕ .007 versus the
2004 –2005 season; d P ⱕ .0001 versus previous seasons. For exact P values, see the text.

1.62 per 100 admissions (a median
rate of the 2003–2007 season) to 0.28
per 100 admissions (P ⬍ .0001 vs
2007–2008 to all previous seasons), an
82% decline in CA rotavirus admissions (Fig 1). In comparison, CA inﬂuenza and RSV admissions remained
unchanged among neighboring seasons. The CA inﬂuenza rates only differed between the 2003–2004 and
2004 –2005 seasons (P ⫽ .0001) but
not other neighboring seasons (2004 –
2005 vs 2005–2006: P ⫽ .8280; 2005–
2006 vs 2006 –2007: P ⫽ .0995; and
2006 –2007 vs 2007–2008: P ⫽ .9051).
CA rotavirus admissions (0.53 per 100
admissions) in the 2008 –2009 season
remained lower than in the 2003–2007
seasons (all pairwise comparisons:
P ⬍ .0001), but CA rotavirus admissions in the 2008 –2009 season was
higher than in the 2007–2008 season
e266
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(P ⫽ .018 for comparison, data not
shown in Fig 1).
HA infections per 1000 patient
hospital-days are detailed in Fig 2. The
2006 –2007 season was associated
with a higher number of HA RSV infections compared with the 2003–2004
season (P ⬍ .05) and HA inﬂuenza infections compared with the 2004 –2005
(P ⫽ .0365), 2005–2006 (P ⫽ .0185),
and 2007–2008 (P ⫽ .0091) seasons.
The median HA rotavirus rate was 0.53
per 1000 patient-days from 2003 to
2007. HA rotavirus infections in the
2007–2008 season declined to 0.20 per
1000 hospital-days (pairwise comparison P values: 2003–2004: P ⫽ .0019;
2004 –2005: P ⫽ .0049; 2005–2006: P ⫽
.0003; and 2006 –2007: P ⫽ .0099). HA
rotavirus infections (0.10 per 1000
hospital-days) in 2008 –2009 remained

much lower than the 2003–2007 seasons (pairwise comparison P values:
2003–2004: P ⫽ .0004; 2004 –2005: P ⫽
.001; 2005–2006: P ⬍ .0001; and 2006 –
2007: P ⫽ .0019) and was not signiﬁcantly different from 2007 to 2008 (P ⫽
.4058).
The rate of transmission (HA viral infections and CA viral infections) was
not signiﬁcantly different from 2003 to
2008 (P ⫽ .6745). The transmission
rate for rotavirus (median 0.27 for
2003–2008) was almost 3 times
greater than the rate of inﬂuenza (P ⫽
.0045) and was ⬃6 times greater than
the rate of RSV (P ⫽ .0004) transmission. The rates of transmission of inﬂuenza and RSV were not statistically signiﬁcantly different (P ⫽ .2158) (Fig 3).
Hand-hygiene compliance rates, as assessed by independent observation,
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FIGURE 2

HA viral infections per 1 000 patient-days. a P ⬍ .05 versus the 2003–2004 season; b P ⬍ .04 versus the 2004 –2005, 2005–2006, and 2007–2008 seasons;
c P ⬍ .01 versus all previous years. For exact P values, see the text.

improved stepwise from 82.7% to
92.7% during the 4 winter seasons for
which data (September 2005 through
May 2009) were available. The improvement in hand-hygiene compliance did not correlate with a consistent improvement in the rates of
transmission of any of these 3
pathogens.

dose administration rates of 56% by
the 2007–2008 season, this strongly
suggests herd immunity.10,13,19 In contrast, CA RSV and CA inﬂuenza hospital
admission rates remained stable. The
slight increase in CA rotavirus infections in the 2008 –2009 season compared with the 2007–2008 season was
similar to national data.15

DISCUSSION

Hospital acquisition of rotavirus infections occurs frequently. A recent review determined that roughly 27% of
children hospitalized with rotavirus
(16 000 –19 000 hospitalizations per
year) have acquired rotavirus infection while hospitalized for another
condition.9,20–22 This equates to transmission of rotavirus from 1 in every 3
children admitted with CA rotavirus to
another hospitalized child. Similarly,
we found that HA rotavirus accounted
for ⬃19% of the total inpatient rotavi-

In the 2007–2008 rotavirus season, we
noted a 82% decline in CA rotavirus admissions from the previous median of
the 2003–2007 season. These data mirror other published studies from the
2007–2008 season that noted a signiﬁcant decrease (67%– 87%) in CA rotavirus10,11,13,18 and in all-cause acute gastroenteritis hospitalization rates.14
Because only 31% of US children
younger than 2 years old had completed 3 doses of vaccine, with single-

rus burden at CMH before 2007–2008.
Potential reasons for the frequent
transmission of rotavirus in the hospital include the large number of rotavirus virions shed in stool, the low rotavirus infectious dose, and prolonged
shedding, which has been observed in
hospitalized children.2,23–25 One group
concluded that because the percentage of rotavirus in the hospital that is
HA has remained stable for 20 years,
more stringent infection-control practices would not likely impact the burden of HA rotavirus.22 Many groups
have speculated that interventions
that impact CA rotavirus hospital admissions (eg, vaccination) might also
impact HA rotavirus rates.3,6,7,9,21,22
The substantial decline in CA rotavirus
rates prompted us to evaluate
whether HA rotavirus rates might be
impacted as well. Coincident with the
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FIGURE 3
Viral transmission rate (HA cases/CA cases).

decrease in CA rotavirus rates, we documented a signiﬁcant decrease in HA
rotavirus rates in 2007–2008, in contrast with the stability of HA RSV and HA
inﬂuenza rates. Potential reasons for
this include fewer hospitalizations of
children with CA rotavirus, resulting in
less risk of transmission, and fewer
hospitalized children may be at risk of
rotavirus infection because of previous rotavirus vaccination. This study
was unable to differentiate between
these possibilities. Our data differ
from those of children admitted to a
pediatric hospital in Philadelphia, in
which the absolute number of HA
cases in 2007–2008 remained unchanged from 2005 to 2006.11 The
methods for identifying HA cases in
that study were not detailed, and the
reasons for differences in our results
are not readily apparent.11 The decrease in HA rotavirus rates we observed in 2007–2008 was sustained in
2008 –2009.
e268
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To control for changes in infection control within the hospital and to control
for changes in the year-to-year number of CA admissions, we also evaluated the rates of transmission (HA
infections and CA infections) of rotavirus, RSV, and inﬂuenza. Thus, changes
in infection control that lower the number of HA infections will result in a fall
in the rate of transmission. The rate of
transmission for rotavirus (median:
0.27 for the 2003–2008 seasons) remained unchanged and much higher
than for inﬂuenza or RSV (Fig 3). Thus,
for every 4 CA rotavirus hospital admissions, at least 1 child will acquire
rotavirus while hospitalized for other
reasons. Although we noted continued
improvement in our independently observed hand-hygiene compliance, a
corresponding decrease in the HA and
CA rotavirus transmission rate did not
occur. A potential explanation is that
the 10% absolute increase in handhygiene compliance at CMH was insuf-

ﬁcient to substantially impact HA
rates. Our data conﬁrm the opinion of
others, which is that more stringent
infection-control practices would be
unlikely to impact the burden of HA
rotavirus disease22 and also conﬁrm
the hypothesis that vaccination, by impacting CA rotavirus hospital admissions, might decrease HA rotavirus
rates.3,6,7,9,21,22 Thus, community-based
rotavirus vaccination efforts should be
encouraged as a strategy for impacting the substantial burden of HA
rotavirus.
One potential explanation for the decline in HA rotavirus rates would be a
subtle unrecognized change in CMH’s
infection prevention and control efforts. Thus, we used other common pediatric viral pathogens (RSV and inﬂuenza) as comparators. Transmission
of RSV occurs primarily by contact
with contaminated secretions and via
fomites with some transmission by
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large particle droplets at short distances (⬍3 ft).16 Thus, for both rotavirus and RSV, hand-hygiene and barrier
precautions are considered crucial to
prevention and containment.17,26 Other
groups26–28 also have compared HA rotavirus and RSV and observed a similar burden of disease. Limited evidence exists that rotavirus also may
undergo airborne transmission9,20;
thus, inﬂuenza also was used as a comparator.16 Rates of RSV and inﬂuenza
transmission in our study were similar
to rates observed in other studies.29,30
The failure to observe any change in HA
RSV and HA inﬂuenza rates in 2007–
2008 strongly argues against a subtle
unrecognized change in the methods
of infection prevention and control as
responsible for the decline in HA rotavirus rates.
Limitations of this study include the
fact that these data are retrospective
and from a single, large, tertiary care
center. We may have missed hospitalized patients with mild gastroenteritis
symptoms, but these patients likely
would have been missed consistently
each year.21 It could be argued that the

use of rapid antigen testing, particularly for inﬂuenza, resulted in the underdiagnosis of viral pathogens, because of the low sensitivity in clinical
practice of the rapid antigen test.31
This limitation, however, is unlikely to
have impacted our conclusions because the same rapid antigen kits
were used throughout the study and a
symmetric underdetection of both CA
and HA infections likely occurred. We
also could not include data for RSV and
inﬂuenza in 2008 –2009 because of the
onset of the pandemic 2009 H1N1 inﬂuenza that resulted in the implementation of many new infection-control
strategies. The ﬁrst of these measures
occurred coincident with our last case
of HA rotavirus in May 2009 and occurred after 75% of the CA rotavirus
had occurred. Thus, it is unlikely that
these efforts signiﬁcantly impacted
the risk of HA rotavirus. Because of our
study design, we lack genotype data
for the identiﬁed HA isolates, which
would allow us to determine genetic
relatedness of the HA isolates. We also
were unable to assess the impact on
hospital cost and severity of illness.

Important strengths of this study include the multiple years of baseline
data from 2003 to 2007 and inclusion of
comparison data from other common
pediatric HA viral pathogens (RSV and
inﬂuenza). These data provide the context in which to the substantial decline
in both CA and HA rotavirus disease
that began in 2007–2008.

itis in a tertiary pediatric center: a 4-year
prospective study. Am J Infect Control. 2009;
37(6):465– 469

9. Fischer TK, Bresee JS, Glass RI. Rotavirus
vaccines and the prevention of hospitalacquired diarrhea in children. Vaccine.
2004;22(suppl 1):S49 –S54

CONCLUSIONS
These data provide strong supportive
evidence for the impact of rotavirus
vaccination on hospitalizations for CA
rotavirus beginning in the 2007–2008
rotavirus season. The dramatic decrease in the number of CA rotavirus
cases correlated with the decrease in
HA rotavirus rates per 1000 patientdays in 2007–2008 that was sustained
in 2008 –2009. In contrast, rates of
other common pediatric HA viral
pathogens (RSV and inﬂuenza) remained stable. Improvements in handhygiene compliance did not seem to
correlate with improvements in rates
of transmission. Thus, community implementation of rotavirus vaccination
dramatically decreases the substantial burden of HA rotavirus.

REFERENCES
1. Glass RI, Parashar UD, Bresee JS, et al. Rotavirus vaccines: current prospects and future challenges. Lancet. 2006;368(9532):
323–332
2. Anderson EJ. Rotavirus vaccines: viral shedding and risk of transmission. Lancet Infect
Dis. 2008;8(10):642– 649
3. Gleizes O, Desselberger U, Tatochenko V, et
al. Nosocomial rotavirus infection in European countries: a review of the epidemiology, severity and economic burden of
hospital-acquired rotavirus disease. Pediatr Infect Dis J. 2006;25(suppl 1):S12–S21
4. Forster J, Guarino A, Parez N, et al. Hospitalbased surveillance to estimate the burden
of rotavirus gastroenteritis among European children younger than 5 years of age.
Pediatrics. 2009;123(3). Available at: www.
pediatrics.org/cgi/content/full/123/3/e393
5. Waisbourd-Zinman O, Ben-Ziony S, Solter E,
Scherf E, Samra Z, Ashkenazi S. Hospitalizations for nosocomial rotavirus gastroenter-

6. Fruhwirth M, Brosl S, Ellemunter H, MollSchuler I, Rohwedder A, Mutz I. Distribution
of rotavirus VP4 genotypes and VP7 serotypes among nonhospitalized and hospitalized patients with gastroenteritis and
patients with nosocomially acquired gastroenteritis in Austria. J Clin Microbiol.
2000;38(5):1804 –1806
7. Moreira LL, Netto EM, Nascimento-Carvalho
CM. Risk factors for nosocomial rotavirus
infection in a paediatric hospital: the potential role for rotavirus vaccine use. Vaccine.
2009;27(3):416 – 420
8. Rodrigues A, de Carvalho M, Monteiro S, et
al. Hospital surveillance of rotavirus infection and nosocomial transmission of rotavirus disease among children in GuineaBissau. Pediatr Infect Dis J. 2007;26(3):
233–237

10. Centers for Disease Control and Prevention.
Delayed onset and diminished magnitude of
rotavirus activity: United States, November
2007–May 2008. MMWR Morb Mortal Wkly
Rep. 2008;57(25):697–700
11. Clark HF, Lawley D, Mallette LA, DiNubile MJ,
Hodinka RL. Decline in cases of rotavirus
gastroenteritis presenting to the Children’s
Hospital of Philadelphia after introduction
of a pentavalent rotavirus vaccine. Clin Vaccine Immunol. 2009;16(3):382–386
12. Parashar UD, Glass RI. Rotavirus vaccines:
early success, remaining questions. N Engl
J Med. 2009;360(11):1063–1065
13. Tate JE, Panozzo CA, Payne DC, et al. Decline
and change in seasonality of US rotavirus
activity after the introduction of rotavirus
vaccine. Pediatrics. 2009;124(2):465– 471

PEDIATRICS Volume 127, Number 2, February 2011
Downloaded from www.aappublications.org/news by guest on December 5, 2020

e269

14. Curns AT, Steiner CA, Barrett M, Hunter K,
Wilson E, Parashar UD. Reduction in acute
gastroenteritis hospitalizations among US
children after introduction of rotavirus
vaccine: analysis of hospital discharge data
from 18 US states. J Infect Dis. 201(11):
1617–1624
15. Centers for Disease Control and Prevention.
Reduction in rotavirus after vaccine
introduction: United States, 2000 –2009.
MMWR Morb Mortal Wkly Rep. 2009;58(41):
1146 –1149
16. Pickering LK; American Academy of Pediatrics. Red Book: 2009 Report of the Committee on Infectious Diseases. 28th ed. Elk
Grove Village, IL: American Academy of
Pediatrics; 2009
17. Groothuis J, Bauman J, Malinoski F, Eggleston M. Strategies for prevention of RSV
nosocomial infection. J Perinatol. 2008;
28(5):319 –323
18. Chang HG, Smith PF, Tserenpuntsag B, Markey K, Parashar U, Morse DL. Reduction in
hospitalizations for diarrhea and rotavirus
infections in New York state following introduction of rotavirus vaccine. Vaccine. 28(3):
754 –758
19. Cortese MM, Parashar UD. Prevention of rotavirus gastroenteritis among infants and
children: recommendations of the Advisory
Committee on Immunization Practices

e270

ANDERSON et al

20.

21.

22.

23.
24.

25.

26.

(ACIP). MMWR Recomm Rep. 2009;58(RR-2):
1–25
Chandran A, Heinzen RR, Santosham M, Siberry GK. Nosocomial rotavirus infections: a
systematic review. J Pediatr. 2006;149(4):
441– 447
Smith MJ, Clark HF, Lawley D, et al. The clinical and molecular epidemiology of
community- and healthcare-acquired rotavirus gastroenteritis. Pediatr Infect Dis J.
2008;27(1):54 –58
Cunliffe NA, Booth JA, Elliot C, et al.
Healthcare-associated viral gastroenteritis
among children in a large pediatric hospital, United Kingdom. Emerg Infect Dis. 16(1):
55– 62
Anderson EJ, Weber SG. Rotavirus infection
in adults. Lancet Infect Dis. 2004;4(2):91–99
Eiden JJ, Verleur DG, Vonderfecht SL, Yolken
RH. Duration and pattern of asymptomatic
rotavirus shedding by hospitalized children. Pediatr Infect Dis J. 1988;7(8):
564 –569
Richardson S, Grimwood K, Gorrell R, Palombo E, Barnes G, Bishop R. Extended excretion of rotavirus after severe diarrhoea in
young children. Lancet. 1998;351(9119):
1844 –1848
Simon A, Khurana K, Wilkesmann A, et al.
Nosocomial respiratory syncytial virus
infection: impact of prospective surveil-

27.

28.

29.

30.

31.

lance and targeted infection control. Int J
Hyg Environ Health. 2006;209(4):317–324
Katz BZ, Sullivan C. Respiratory syncytial virus prophylaxis in a tertiary care neonatal
intensive care unit. Pediatr Infect Dis J.
2009;28(9):842– 844
Fournel I, Soulias M, Bour JB, Gouyon JB,
Huet F, Aho LS. Evolution of the number of
rotavirus and respiratory syncytial virus infections in children hospitalised in a French
University Hospital between 1998 and 2005
[in French]. Pathol Biol (Paris). 2010;58(6):
406 – 414
Simon A, Muller A, Khurana K, et al. Nosocomial infection: a risk factor for a complicated course in children with respiratory
syncytial virus infection: results from a prospective multicenter German surveillance
study. Int J Hyg Environ Health. 2008;
211(3– 4):241–250
Rojo JC, Ruiz-Contreras J, Fernandez MB,
Marin MA, Folgueira L. Inﬂuenza-related
hospitalizations in children younger than
three years of age. Pediatr Infect Dis J. 2006;
25(7):596 – 601
Cruz AT, Cazacu AC, Greer JM, Demmler GJ.
Rapid assays for the diagnosis of inﬂuenza
A and B viruses in patients evaluated at a
large tertiary care children’s hospital during two consecutive winter seasons. J Clin
Virol. 2008;41(2):143–147

Downloaded from www.aappublications.org/news by guest on December 5, 2020

Impact of Rotavirus Vaccination on Hospital-Acquired Rotavirus Gastroenteritis
in Children
Evan J. Anderson, Angela Rupp, Stanford T. Shulman, Deli Wang, Xiaotian Zheng
and Gary A. Noskin
Pediatrics 2011;127;e264
DOI: 10.1542/peds.2010-1830 originally published online January 24, 2011;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/127/2/e264

References

This article cites 26 articles, 3 of which you can access for free at:
http://pediatrics.aappublications.org/content/127/2/e264#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Infectious Disease
http://www.aappublications.org/cgi/collection/infectious_diseases_su
b

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on December 5, 2020

Impact of Rotavirus Vaccination on Hospital-Acquired Rotavirus Gastroenteritis
in Children
Evan J. Anderson, Angela Rupp, Stanford T. Shulman, Deli Wang, Xiaotian Zheng
and Gary A. Noskin
Pediatrics 2011;127;e264
DOI: 10.1542/peds.2010-1830 originally published online January 24, 2011;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/127/2/e264

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 345 Park Avenue, Itasca, Illinois, 60143. Copyright © 2011
by the American Academy of Pediatrics. All rights reserved. Print ISSN: 1073-0397.

Downloaded from www.aappublications.org/news by guest on December 5, 2020

