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Infants born preterm are at a higher risk of complications and hospitalization in cases of rotavirus diarrhea than children
born at term. We evaluated the impact of a rotavirus vaccination campaign (May 2007 to May 2010) on hospitalizations for
rotavirus gastroenteritis in a population of children under 3 years old born prematurely (before 37 weeks of gestation) in
the Brest University Hospital birth zone. Active surveillance from 2002 to 2006 and a prospective collection of hospitaliza-
tions for rotavirus diarrhea were initiated in the pediatric units of Brest University Hospital until May 2010. Numbers of
hospitalizations for rotavirus diarrhea among the population of children born prematurely, before and after the start of
the vaccination program, were compared using a Poisson regression model controlling for epidemic-to-epidemic varia-
tion. A total of 217 premature infants were vaccinated from 2007 to 2010. Vaccine coverage for a complete course of three
doses was 41.9%. The vaccine safety in premature infants was similar to that in term infants. The vaccination program led
to a division by a factor of 2.6 (95% confidence interval [CI], 1.3 to 5.2) in the number of hospitalizations for rotavirus di-
arrhea during the first two epidemic seasons following vaccine introduction and by a factor of 11 (95% CI, 3.5 to 34.8) dur-
ing the third season. We observed significant effectiveness of the pentavalent rotavirus vaccine on the number of hospital-
izations in a population of prematurely born infants younger than 3 years of age. A multicenter national study would
provide better assessment of this impact. (This study [Impact of Systematic Infants Vaccination Against Rotavirus on Gas-
troenteritis Hospitalization: a Prospective Study in Brest District, France IVANHOE)] has been registered at ClinicalTri-

als.gov under registration no. NCT00740935.)

Rotavirus infection is the leading cause of severe acute diarrhea
in infants worldwide. The vast majority of cases occur before
the age of 5 years (1, 2). Preterm infants are at higher risk for
complications and hospitalization in cases of rotavirus diarrhea
than children born at term (3-6). Among these children, those
who have low birth weight (<2,500 g) or very low birth weight
(<1,500 g) present the highest risk of complications (odds ratio
[OR] of 2.6 and 95% confidence interval [CI] of 1.6 to 4.1 or OR of
1.6 and 95% CI of 1.3 to 2.1, respectively) (3, 4). Complications
present as gastrointestinal hemorrhage and necrotizing enteroco-
litis in particular (4, 7). The greater severity of these infections in
premature infants might be explained by the relative immaturity
of their immune systems and the lower levels of maternal antibod-
ies transferred transplacentally before birth than term infants (3,
4). Rotarix and RotaTeq are the two rotavirus vaccines currently
available. Their efficacies against severe rotavirus diarrhea, includ-
ing that in preterm infants, have been demonstrated (3, 8, 9).
Observational studies after routine vaccination have been con-
ducted from sentinel networks in developed countries (10-13).
These have shown a marked decrease in the numbers of cases of
rotavirus diarrhea in the year following the vaccine introduction.
Despite the presence of inherent biases in the observational stud-
ies, the results were consistent. Taking into account the natural
secular variability in rotavirus epidemics, our French population-
based Impact of Systematic Infants Vaccination Against Rotavirus
on Gastroenteritis Hospitalization: a Prospective Study in Brest
District, France (IVANHOE) study (registered at ClinicalTrials.
gov under registration no. NCT00740935) (14) confirmed these
observations by showing a 2-fold decrease (95% CI, 1.6 to 2.7) in
hospitalization rates for rotavirus diarrhea in infants under 2 years
old with vaccine coverage of 47.1%. Since then, the effectiveness of
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RotaTeq has been observed in several developed countries (15—
17). However, data on the impact of this vaccine in premature
infants are limited.

The main objective of our analysis was to evaluate the impact of
the pentavalent rotavirus vaccine on the number of hospitaliza-
tions for rotavirus diarrhea in preterm infants enrolled in the
IVANHOE study. The secondary objectives were to analyze the
vaccine coverage and safety in this population. The vaccine chosen
for the study was the pentavalent rotavirus vaccine (RotaTeq).

MATERIALS AND METHODS

Active hospital-based surveillance system. The study methodology of
IVANHOE has been previously published (14). Briefly, it consisted of
an active hospital-based surveillance system initiated 5 years before
vaccine introduction (May 2007), providing baseline hospitalization
rates for rotavirus disease. Brest University Hospital has the only Pe-
diatric Department that serves the population of northwestern Brit-
tany. The subgroup for our analysis was composed of children born
prematurely, between 25 and 36 weeks and 6 days of gestational age, at
Brest University Hospital from December 2000 to the end of May 2010.
Based on the postal code of the parents’ place of residence, children
were categorized as belonging to the catchment area of Brest Univer-
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sity Hospital as defined by the Agence Régionale de Santé (ARS) (Re-
gional Agency for Health) of Brittany (18). To estimate the vaccine
impact on hospitalization, we restricted the study population to in-
fants born prematurely at Brest University Hospital and residing in
this catchment area. A population-based study with follow-up of all
children born prematurely in this catchment area and with the con-
firmed cases of rotavirus diarrhea in this population was thus possible.
A case of rotavirus diarrhea was defined by a combination of symp-
toms (either a frequent flow of watery and abnormally loose stools
with or without vomiting or diarrhea associated with two additional
symptoms [vomiting, abdominal pain, or fever]) and confirmation
through the detection of rotavirus in the stool specimen using the Rida
Quick rotavirus/adenovirus Combi test (R-Biopharm AG, Darmstadst,
Germany). Its sensitivity and specificity for rotavirus are 75% and 95%
(19). Information, including demographics, clinical data, laboratory
data, and vaccination history, was entered into standardized case re-
port forms for all confirmed rotavirus diarrhea cases. By conducting 5
years of baseline surveillance, the secular variation of the rotavirus
seasons (December to May included) was captured, providing confi-
dence in the role of the vaccination on the observed declines. Data
were entered into a database using the Epi-Info 6.1 software program.
The International Classification of Diseases (ICD-10) codes for gas-
troenteritis were also used to ensure that all children admitted to Brest
University Hospital for rotavirus diarrhea had been identified.

Vaccination program implementation. From March 2007 onward,
an information letter has been given to all mothers who gave birth in
Brest. The vaccine used for the study was RotaTeq, a live pentavalent
rotavirus vaccine. It was freely available, directly from pediatricians,
from the Protection Maternelle et Infantile (PMI) (free public outpa-
tient clinics dedicated to the care of mothers and their children) and
from the Brest University Hospital pharmacy when prescribed by a
general practitioner or neonatologist. The vaccination schedule was
three 2-ml oral doses of vaccine, dose 1 between 6 and 12 weeks of age
and doses 2 and 3 at 4-week intervals, with all three doses being given
before 26 weeks of age. Children born prematurely, between 33 and 36
weeks and 6 days of gestational age, were vaccinated according to the
same modalities as children born at term as for all other vaccinations at
the real age of the child. For children born prematurely between 25 and
32 weeks and 6 days of gestational age, whether still hospitalized or
not, vaccination was performed under cardiorespiratory monitoring
in the hospital during 48 h. A case report form, including vaccination
dates, was completed by the caregivers.

Evaluation of vaccine coverage. The ratio of vaccinated premature
infants to the total number of premature infants, born at the Brest Uni-
versity Hospital and eligible for the complete vaccination schedule, was
calculated. The infants concerned were those born after 20 February 2007
and before 1 December 2009, i.e., eligible for vaccination between May
2007 and May 2010. Vaccine coverage was calculated for the catchment
area of Brest University Hospital for a complete vaccine schedule. The
vaccination rate was also calculated for at least one dose of vaccine.

Vaccine impact on hospitalization for rotavirus diarrhea. Hospital-
izations (hospital admission) for rotavirus-specific diarrhea during
the 2009-2010 epidemic in premature infants younger than 3 years of
age, who were born at Brest University Hospital and whose parents
lived within the catchment area of this hospital, were chosen as the
primary outcome. In fact, only infants younger than 3 years of age
could have been vaccinated at the end of the third year of the program.
Trends in hospitalizations for rotavirus-specific diarrhea before and
after vaccine introduction were monitored in our primary analysis. To
control for epidemic-to-epidemic variation in disease burden, we used
a population not targeted by the vaccination program, that is, a pop-
ulation among whom the number of hospitalizations in previous epi-
demics was strongly correlated with the number of hospitalizations in
our population of interest. Infants aged 3 to 5 years fulfilled these
criteria, as shown in Fig. 1.
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FIG 1 Numbers of hospitalized infants living within the catchment area of
Brest University Hospital and hospitalized for rotavirus-specific diarrhea ac-
cording to age groups during five epidemics (2002-2003 to 2006-2007) before
vaccine introduction.

As in the IVANHOE study, we used a Poisson model. The number
of hospitalizations for rotavirus diarrhea in infants younger than 3
years of age during the epidemic season (December to May) was mod-
eled as a function of (i) the number of hospitalizations in infants 3 to
5 years of age and (ii) vaccine introduction. As the vaccination pro-
gram covered infants younger than 1 year in the first year and infants
younger than 2 years in the second year, we expected a potential dif-
ference in the impact of vaccination between each of the three seasons.
To estimate the vaccination impact for each season, while counting the
number of hospitalizations, we introduced three dummy variables
into a Poisson model, log[E(Y) = o + o, X + B, X + B,Z, + B,Z, +
B;Z;, where Y is the number of hospitalizations for rotavirus-specific
diarrhea within the catchment area of Brest University Hospital in
prematurely born infants younger than 3 years of age for each epi-
demic, X is the number of hospitalizations for rotavirus-specific diar-
rhea within the catchment area of Brest University Hospital in infants
3 to 5 years of age for each epidemic, Z, is equal to 1 for the 2007-2008
epidemic and 0 otherwise, Z, is equal to 1 for the 2008-2009 epidemic
and 0 otherwise, and Z; is equal to 1 for the 2008-2009 epidemic and 0
otherwise. This modeling did not use an offset because it concerned
the number of hospitalizations and not the incidence rates.

Safety analysis. All vaccinated children born after 20 February 2007
and before 1 December 2009, i.e., those eligible for vaccination be-
tween May 2007 and May 2010, were followed with respect to all-cause
hospitalizations for up to 42 days after the last dose. To ensure that all
vaccinated children admitted to Brest University Hospital for intus-
susceptions and Kawasaki disease had been identified, we also used
ICD-10 codes. The safety analysis included all subjects receiving at
least one dose. The incidence of serious adverse events (SAEs) in pre-
term infants born between 25 and 36 weeks and 6 days of gestational
age was therefore compared to that of full-term infants. For this anal-
ysis, we have deliberately ignored the place of residence of the parents
to analyze all the adverse events.

Ethical aspects. The institutional research ethics board and French
national agency for drug security (Agence Nationale de Sécurité du Mé-
dicament [ANSM]) approved the IVANHOE study, which included the
secondary analysis of subgroups. In addition, the computer file used for
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Vaccinated infants
(IVANHOE study)
n=7150

Vaccinated Vaccinated premature infants
term infants n= 267
n= 63883 (target population n=724)

Vaccinated premature infants
whose parents lived in the

catchment area of Brest
University Hospital
n=217
(target population n =480)

FIG 2 Number of infants vaccinated between May 2007 and May 2010, in-
cluding those born at Brest University Hospital.

the study was the subject of a license from the French National Commis-
sion for Informatics and Liberties (CNIL). All patients’ names were ano-
nymized. Written informed consent was obtained from parents of pa-
tients before vaccination.

RESULTS

Vaccination program results and vaccine coverage. A total of
217 premature infants born at Brest University Hospital whose
parents lived within its catchment area were enrolled in the
IVANHOE study (Fig. 2). They all received at least one dose of
vaccine from May 2007 to May 2010. Among these infants, 201
received a complete vaccination schedule. The number of chil-
dren, according to the vaccine doses they actually received, is
presented in Table 1. Vaccine coverage for a complete vaccina-
tion schedule, calculated from the 201 preterm infants, was
equal to 41.9%. This coverage was higher in the last 2 years of
the vaccination program (from 23% in the first year to >50%
in subsequent years) (Table 1).

Vaccine impact on hospitalization for rotavirus diarrhea.
During the 2002-2003 to 2009-2010 epidemic seasons, 27 pre-
mature infants born at Brest University Hospital whose parents
lived within its catchment area were hospitalized for rotavirus
diarrhea (Fig. 3). Regarding the control population of children
aged 3 to 5 years whose parents lived in the same geographic
area, 76 of them were hospitalized for rotavirus diarrhea in the
same period (Fig. 3). The characteristics of these two popula-
tions are described in Table 2 for the last three epidemics. The
numbers of hospitalizations in these two populations, before
and after the introduction of the vaccination program, are
plotted in Fig. 3. The number of hospitalizations for rotavirus
diarrhea in children aged 3 to 5 years clearly tended to increase
after the start of the vaccination program, while that of prema-
ture infants tended to be static or even decrease. Modeling
allowed us to quantify the relative reduction in the number of
hospitalizations in prematurely born infants younger than 3
years of age compared to the expected number of hospitaliza-
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tions. This modeling was performed for the three epidemic
seasons following the start of the vaccination program. The
modeling results are presented in Table 3. The number of hos-
pitalizations in premature infants younger than 3 years of age
was divided by a factor of 2.6 (95% CI, 1.3 to 5.2) in the first
epidemic season following the start of the vaccination, by a
factor of 2.6 (95% CI, 1.3 to 5.2) in the second season, and by a
factor of 11 (95% CI, 3.5 to 34.8) in the third season. The
numbers of observed and expected hospitalizations in prema-
turely born infants younger than 3 years of age for each epi-
demic are plotted in Fig. 3.

Safety analysis. The numbers of adverse events reported in
term and preterm infants are presented in Fig. 4. The frequency
of SAEs was higher in term infants (8.1%) than in preterm
infants (5.2%). This difference was not statistically significant
(P = 0.09, chi-square test). Among the SAEs reported as pos-
sibly related with the vaccine, the frequencies were similar in
the two populations (1.8% for term infants and 1.9% for pre-
term infants [P = 0.96, chi-square test]). Two cases of bron-
chiolitis, one case of bronchopneumonia, and two cases of rhi-
nitis were identified as SAEs in the premature infants. No cases
of intussusception nor of Kawasaki disease was reported in the
premature infants. No diarrhea, fever, or other reactogenic
symptoms were reported within the 6 weeks following the last
dose among the prematurely born infants.

DISCUSSION

This study highlighted the positive impact of a vaccination pro-
gram using the pentavalent rotavirus vaccine in a population of
prematurely born infants younger than 3 years of age. After intro-
duction of the vaccination program, we reporta 2.6-fold (95% CI,
1.3 to 5.2) and an 11-fold (95% CI, 3.5 to 34.8) decrease in the
number of hospitalizations for rotavirus in this population in the
two epidemic seasons following the vaccine introduction and in
the third season. This impact was greater than the impact shown in
the IVANHOE study for infants younger than 2 years of age,
whose number of hospitalizations was divided by a factor of 2
(95% CI, 1.6 to 2.7) during the second epidemic season following
vaccine introduction (14). The results of the IVANHOE study
were in line with those obtained from observational studies im-
plemented in developed countries after the introduction of rou-
tine immunization (10-13, 20, 21), where a decrease was found in

TABLE 1 Number of infants born prematurely at Brest University
Hospital whose parents lived in the catchment area of this hospital
according to vaccine doses actually received from May 2007 to May
2010

Total no. (%) of infants during:

15 May 2007 15 May 2008 15 May 2009 15 May 2007

to 14 May to 14 May to 14 May to 14 May
Infants 2008 2009 2010 2010
Target population 152 182 146 480
Infants who
received:

1 dose 0 6 3 9

2 doses 1 4 2 7

3 doses 35 (23.0) 86 (47.2) 80 (54.8 201 (41.9)

=1 dose 36 (23.7) 96 (52.7) 85(58.2 217 (45.2)
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Epidemic season
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FIG 3 Observed and expected hospitalizations for rotavirus diarrhea during epidemic seasons.

cases of rotavirus diarrhea in the year following the introduction
of routine vaccination.

The use of pentavalent rotavirus vaccine was well tolerated by
premature infants. Indeed, among infants who received at least
one dose of vaccine, analysis of SAEs did not show any significant
difference between premature infants and term infants (5.2% ver-
sus 8.1%, P = 0.09, chi-square test). No cases of intussusception
nor of Kawasaki disease were reported in our population. A sim-
ilar frequency of SAEs (5.5%) was observed in a population of
1,005 preterm infants with no difference compared with those
receiving a placebo (6.2%) (3). No reactogenic symptoms were

reported among our population. However, the small sample size
caused us to moderate our conclusions.

Vaccine coverage was lower in premature infants than in
term infants (41.9% versus 47.1%) for a complete course of
three doses throughout the study period. However, an im-
provement was noted between the first and the last 2 years of
the study with an increase from 23% in the first year to 47.2%
and 54.8% thereafter. We expected greater vaccine coverage in
the premature infant population since this group contains in-
fants at higher risk for hospitalization in cases of rotavirus
diarrhea. The reason for this lower rate may be the initial fear of

TABLE 2 Characteristics of premature infants aged <3 years and 3 to 5 years hospitalized for rotavirus diarrhea during the 2007-2008, 2008-2009,
and 2009-2010 epidemics whose parents lived in the Brest University Hospital catchment area

2007-2008 epidemic

2008-2009 epidemic

2009-2010 epidemic

Premature infants  Infants aged 3-5

Premature infants

Infants aged 3-5  Premature infants  Infants aged 3-5

Variable <3yr(n=23) yr (n=12) <3yr(n=23) yr (n=12) <3yr(n=3) yr (n=12)
Age at entry 19 (15-19) 43 (36-59) 14 (13-28) 42 (38-50) 26 48 (36-59)
(median [range]) (mo)
Gestational age 35 (26-35) 29 (25-35) 28
(median [range]) (wk)
Birth wt (median [range]) (g) 2215 (1030-2260) 1210 (880-2250) 1330
Temp of >38°C (no. [%]) 3 (100) 6 (50) 0(0) 5(42) 1 (100) 7 (46)
Duration of diarrhea (median 1 (1-2) 2 (1-4) 1(1-4) 2 (0-5) 2 2 (0-5)
[range]) (days)
>7 diarrhea episodes in 0 (0) 2 (16) 1(33) 2 (16) 1 (100) 1(6)
previous 24 h (no. [%])
No. of episodes of vomiting 6 (1-9); NK* =1 5(0-20);NK=1 5(1-7) 4 (1-20) 9 10 (0-19)
in previous 24 h
(median [range])
No. of symptoms of 1(1-2) 3 (0-5) 2 (0-2) 2 (1-7) 1 2 (0-5)
dehydration (median
[range])
Estimated wt loss of infants
(no. [%])
<5% 3 3 (26) 3 5(42) 1 6 (46)
5-10% 0 7 (58) 0 5(42) 0 5(38)
>10% 0 2 (16) 0 2 (16) 0 2 (16); NK = 2
Infants requiring treatment 2 (66) 12 (100) 2 (66) 15 (100) 1 (100) 15 (100)
with intravenous fluids,
(no. [%])
“NK, not known.
October 2014 Volume 21 Number 10 cviasm.org 1407
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TABLE 3 Statistical modeling results

Variable Relative reduction Parameter estimate SD P
Intercept Bo=—1.83 0.70 <0.01
Log (control population, 3-5 yr old) B, = 1.56 0.31 <0.01
Scale 0.55
Impact of the vaccination campaigns on the no.
of hospitalizations (median [range])
2007 0.38 (0.27-0.55) B,=—-0.95 0.35 <0.01
2008 0.38 (0.27-0.55) B;=—0.95 0.35 <0.01
2009 0.09 (0.05-0.16) B, = —2.40 0.59 <0.01

doctors and parents in regard to the safety of the vaccine in
premature infants. The greater relative reduction in hospital-
izations during the third season raised the possibility of herd
immunity induced by rotavirus vaccination. This herd immu-
nity after a vaccination program against rotavirus has now been
observed in several studies (21-25). However, this indirect
herd protection was not deduced from our small sample, and
the improvement in vaccine coverage rates in the second and
third years of the study could also have had an impact on re-
ducing the number of hospitalizations.

The IVANHOE study, being the first population-based
study on the impact of rotavirus vaccination to consider the
natural secular variability in rotavirus epidemics, confirmed
the results of observational studies showing a decrease in the
number of hospitalizations for rotavirus diarrhea in infants
under 2 years old with a vaccine coverage estimated to be 47.1%
(10-14, 20, 21). Such secular variability was demonstrated in a
study of three US hospitals over the same periods (2006-2007
and 2007-2008) (26). In addition, Sato et al. showed that the
effectiveness of the vaccine against rotavirus may be masked by
not including this concept in the analysis (27). This effective-
ness has now been observed in other studies that have taken
into account the variability of the rotavirus epidemics (15-17).
Furthermore, the robustness of our study design was high-
lighted by the experts from the Division of Viral Diseases of the
US Centers for Disease Control and Prevention (28). The im-
portance of assessing the effectiveness and real-world impact of
a vaccine was underlined. This implied evaluation of the vac-
cine under conditions of routine use, controlling for secular
variations in the disease burden. The 5-year baseline surveil-

lance confirmed the secular variation of the rotavirus seasons
and ensured the benefit of vaccination on the observed de-
clines.

The design of our analysis was similar to that of the IVANHOE
study. The impact of the vaccination program was evaluated by
using a Poisson model that made a significant adjustment for the
observed data before the vaccine introduction. This demonstrated
the robustness of our modeling to predict hospitalizations of pre-
mature infants without a vaccine program. The Poisson model is
actually designed to analyze rare events (29). Moreover, the fact
that the control population was different from the population of
interest, in terms of gestational age at birth and age at the time of
hospitalization, did not affect our analysis. In fact, it acted as an
exogenous variable in the modeling adjustment uninfluenced by
the vaccine introduction. Our modeling showed a decline in the
number of hospitalizations for rotavirus diarrhea within the three
epidemic seasons following vaccine introduction. The consistency
of these results enhanced the validity of our modeling and its
ability to predict the impact of vaccination in this population of
premature infants.

Finally, it would have been interesting to study the impact of
the vaccine program in relation to the severity of prematurity, the
birth weight, or the type of feeding of these children (breastfeeding
versus infant formula). Unfortunately, our population of prema-
ture infants was too small to identify a significant difference or to
set up modeling for each subgroup.

Despite low vaccine coverage, our study showed a signifi-
cant impact of rotavirus vaccine on the number of hospitaliza-
tions of premature infants within 3 years following the immu-
nization. This was the first population-based study taking into

Vaccinated infants
n=7150
I 1 1
Term infants Premature infants
n=6883 n=267
| |
SAEs SAEs
n=555 (8.1%) n=14 (5.2%)
I |
SAESs possibly related to vaccine SAEs possibly related to vaccine
n=126 (1.8%) n=5 (1.9%)

- Gestational age, median (range): 34.7 weeks
(30.2-35.6)
- Birth weight, median (range): 2320 g (1575-2670)

FIG 4 Serious adverse events (SAEs) reported from May 2007 to May 2010. The analysis was not restricted to the catchment area of Brest University

Hospital.
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account the natural secular variability in rotavirus epidemics
with a specific analysis of children born prematurely. Our re-
sults can be used for further assessment of rotavirus vaccine
and development of guidelines for a subgroup of vulnerable
infants. A national multicenter study would allow a better as-
sessment of the potential impact of rotavirus vaccine in the
subgroup of premature infants.
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