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Abstract

Introduction—In March, 2006, oral rotavirus vaccine was added to Brazil’s infant immunization
schedule with recommended upper age limits for initiating (by age 14 weeks) and completing (by
age 24 weeks) the two-dose series to minimize age-specific risk of intussusception following
rotavirus vaccination. Several years after introduction, estimated coverage with rotavirus vaccine
(83%) was lower compared to coverage for other recommended childhood immunizations (=94%).

Methods—We analyzed data from Brazil’s national immunization program on uptake of oral
rotavirus vaccine by geographic region and compared administrative coverage estimates for first
and second doses of oral rotavirus vaccine (Rotal and Rota2) with first and second doses of
diphtheria-tetanus-pertussis-Haemophilus influenzae type b vaccine (DTP-Hib1 and DTP-Hib2).
For 27 Brazilian cities, we compared differences between estimated rotavirus and DTP-Hib
coverage in 2010 with delayed receipt of DTP-Hib vaccine among a cohort of children surveyed
before rotavirus introduction.

Results—In 2010, infant vaccination coverage was 99.0% for DTP-Hib1 versus 95.2% for Rotal
(3.8% difference), and 98.4% for DTP-Hib2 versus 83.0% for Rota2 (15.4% difference), with
substantial regional variation. Differences between DTP-Hib and rotavirus vaccination coverage in
Brazilian cities correlated with delay in DTP-Hib vaccination among children surveyed. Age
restrictions for initiating and completing the rotavirus vaccination series likely contributed to
lower coverage with rotavirus vaccine in Brazil.

Conclusion—To maximize benefits of rotavirus vaccination, strategies are needed to improve
timeliness of routine immunizations; monitoring rotavirus vaccine uptake and intussusception risk
is needed to guide further recommendations for rotavirus vaccination.
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1. Introduction

Rotavirus is a leading cause of severe diarrhea in children, resulting in >400,000 deaths
annually among children <5 years of age worldwide [1]. To prevent these deaths, the World
Health Organization (WHO) has recommended inclusion of rotavirus vaccines in all national
immunization programs [2]. Use of rotavirus vaccines could have a substantial impact on
child mortality, especially in developing countries, which account for >95% of rotavirus-
related deaths [1,3]. In 2006, WHO recommended a restricted age range for administration
of the first dose of rotavirus vaccine and completion of the vaccine series to minimize risk of
intussusception, a rare but severe adverse event [4]. These age restrictions might have
resulted in lower coverage with rotavirus vaccines compared with other recommended
vaccines, if immunization visits were delayed [5], as occurs in many countries [6].
Monitoring the uptake of oral rotavirus vaccine and timeliness of administration in early
adopting countries may be useful as rotavirus vaccines are introduced worldwide.

Countries in Latin American and the Caribbean were among the first to introduce rotavirus
vaccines [7,8]. WHO recommended introduction of rotavirus vaccine through national
immunization programs in Latin America and the Caribbean in 2007 [9], and by 2010,
rotavirus vaccines were introduced through national immunization programs in 14 of 38
countries and territories in the Americas [8]. Brazil is an upper-middle income country in
South America with an annual birth cohort of approximately 3 million. The national
immunization program is part of Brazil’s universal health system (Sistema Unico de Sadde).
Vaccines are centrally purchased and delivered through a network of immunization services
linked to state and local health departments. Health indicators, including administrative
estimates of vaccination coverage (i.e., number of doses administered divided by the
estimated target population), are available for all 5,565 municipalities in Brazil, 27 states
and 5 geographic regions (North, Northeast, Southeast, South and Central-west). The less
developed North and North-east regions have historically had lower vaccination coverage
and higher child mortality rates than the more developed South and Southeast regions [10].

Brazil’s national immunization program introduced the single-strain human rotavirus
vaccine (Rotarix®, GlaxoSmithKline Biologicals) in the recommended infant immunization
schedule in March 2006. The national immunization program set a target of 90%
administrative coverage with two doses of rotavirus vaccine in all states and municipalities
(the target coverage with 3 doses of combined DTP-Hib vaccine is 95%). Two doses of
rotavirus vaccine were recommended at 2 and 4 months of age (approximately 8 and 17
weeks of age) with a minimum interval of 30 days between doses; initiation of the two-dose
series was not recommended at age 15 weeks or older, and maximum age for completing the
series was 24 weeks of age. Rotavirus vaccination was recommended at the same
immunization visit as other childhood immunizations, including oral polio vaccine (OPV)
and diphtheria-tetanus-whole cell pertussis-Haemophilus influenzae type b vaccine (DTP-
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Hib). We assessed uptake of oral rotavirus vaccine in Brazil and evaluated factors associated
with lower coverage with rotavirus vaccine compared with other infant immunizations.

2. Methods

2.1. Uptake of oral rotavirus vaccine

To evaluate uptake of rotavirus vaccine by geographic region of Brazil, we compared
monthly administrative coverage (i.e., number of doses administered per month divided by
one-twelfth of the population <1 year of age) for first and second doses of oral rotavirus
vaccine (Rotal and Rota2) from March 2006 to December 2008. Numbers of doses
administered were obtained from the national immunization program [11]. Estimates of the
population <1 year of age were obtained from Brazil’s national live birth registration system
[12]. We then compared annual administrative coverage (i.e. number of doses administered
per calendar year divided by the population <1 year of age) for the first and second doses of
DTP-Hib (DTP-Hibl and DTP-Hib2) with the first and second doses of oral rotavirus
vaccine. National and regional differences between DTP-Hib and rotavirus vaccine coverage
were similar during 2008 to 2010, so only data for 2010 are presented.

2.2. Timeliness of DTP-Hib administration before introduction of rotavirus vaccine

To investigate delay in administration of routine immunizations before introduction of oral
rotavirus vaccine, we analyzed data from a vaccination coverage survey conducted in the
capital cities of Brazil’s 26 states and the federal district during 2007 and 2008 [13]. We
hypothesized that the percentage of children surveyed who had received DTP-Hib1 after 14
weeks of age or DTP-Hib2 after 24 weeks of age would have predicted lower coverage with
rotavirus vaccine compared with DTP-Hib, assuming adherence to recommendations and no
improvement in timeliness of DTP-Hib vaccination. The survey was conducted among 19—
36 month-old children who were born in 2005, few of whom were age-eligible to receive
oral rotavirus vaccine through the national immunization program. Vaccination cards were
available for >96% of children surveyed. We calculated the child’s age (in weeks) for each
DTP-Hib dose received, according to the date recorded on the vaccination card. For all
capital cities in each geographic region, we calculated the percent of children surveyed who
received first or second doses of DTP-Hib vaccine after 14 or 24 weeks of age, respectively.

2.3. Correlation between rotavirus and DTP-Hib vaccine uptake

For 27 capital cities, we plotted the percent of children surveyed in 2007-2008 who had
received DTP-Hib1 after 14 weeks of age against the difference between DTP-Hib1 and
Rotal administrative coverage among children <1 year old in 2010 (calculated as described
in Section 2.1). Similarly, we plotted percent of children surveyed who had received DTP-
Hib2 after 24 weeks of age against the difference between DTP-Hib2 and Rota2 coverage in
2010. We calculated Pearson correlation coefficients (r) and corresponding p-values for the
comparison between delayed immunization and differences in estimated coverage. For
survey data, regional averages for capital cities accounted for sampling weights and
proportional population size.
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2.4. Human subjects

3. Results

The vaccination coverage survey was approved by the ethical review board of Santa Casa
Medical School, in Sao Paulo, Brazil. Use of data from this survey for further analysis was
approved by the national ethical review committee at the time of protocol approval. The
analysis was considered non-research by the U.S. Centers for Disease Control and
Prevention.

3.1. Uptake of oral rotavirus vaccine

From 2007 to 2010, approximately 20.5 million doses of oral rotavirus vaccine were
administered by Brazil’s national immunization program. Administrative coverage with the
two-dose series of rotavirus vaccine was the lowest of the six recommended infant
immunizations (Fig. 1), ranging from 80 to 84% during this time period. When rotavirus
vaccine was introduced in March 2006, monthly administrative coverage with Rotal
exceeded 90% in two regions (South and Southeast) and ranged from 52 to 77% in the
remaining three regions (North, Northeast, and Central-west) (Fig. 2a). Monthly
administrative coverage increased substantially from March 2006 to December 2008 in the
three regions (North, Northeast and Central-west) with lower initial coverage; no increasing
trend in monthly coverage for Rotal was observed in the South and Southeast regions.
Through the end of 2008, uptake of the second dose remained 7-20% lower than that of the
first dose, with the greatest difference in the North (Fig. 2b).

In 2010, national administrative coverage with Rotal was 3.8% lower than DTP-Hib1, while
coverage with Rota2 was 15.4% lower than DTP-Hib2 (Table 1). Regionally, Rotal
coverage was lower than DTP-Hib1l coverage in the North, Northeast and Central-west, but
slightly higher than DTP-Hib1 coverage in the South and Southeast. Coverage with Rota2
was 31.7% lower than DTP-Hib2 in the North, 21.7% lower in the Northeast and 8.8-10.9%
lower in the remaining three regions (Table 1).

3.2. Timeliness of DTP-Hib administration before introduction of rotavirus vaccination

Data on age at receipt of DTP-Hib doses were analyzed for 15,426 (86.9%) of 17,749
children born in 2005 and surveyed in 2007-2008; 9.5% received DTP-Hib1 after 14 weeks
of age and 16.6% received DTP-Hib2 after 24 weeks of age (Table 2; Fig. 3).

3.3. Correlation between rotavirus and DTP-Hib vaccine uptake

The 2007-2008 survey data were plotted against administrative coverage estimates for DTP-
Hib and oral rotavirus vaccine coverage in 2010 for 27 Brazilian cities (Fig. 4). Differences
between administrative estimates of DTP-Hib and rotavirus vaccine coverage in 2010
correlated with the percentage of children surveyed in 2007-2008 who had received DTP-
Hib1 after 14 weeks of age (r = 0.58, p = 0.002) or DTP-Hib2 after 24 weeks of age (r =
0.88, p < 0.001). When administrative coverage data from cities in each region were
aggregated (Table 2), regional differences between DTP-Hib and rotavirus vaccine coverage
in 2010 were highly correlated with the percentage of children surveyed in each region who

Vaccine. Author manuscript; available in PMC 2016 February 18.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Flannery et al. Page 5

had received DTP-Hib1 after 14 weeks of age (r = 0.82, p = 0.09) or DTP-Hib2 after 24
weeks of age (r = 0.90, p = 0.04).

4. Comment

Four years after rotavirus vaccine introduction, coverage with two doses of vaccine
remained below that of other routine infant immunizations in Brazil. The difference between
rotavirus and DTP-Hib coverage varied by geographic region and was greatest in the North
and Northeast, regions that have lower routine immunization coverage, difficult-to-reach
populations and historically higher diarrhea-related mortality [13,14]. The magnitude of this
difference was correlated with delay in DTP-Hib administration among a cohort of children
born before rotavirus vaccine introduction and enrolled in a coverage survey [13]. This
suggests that delay in routine immunization visits likely contributed to lower rotavirus
vaccine coverage, as children who are late for immunizations may have missed opportunities
to begin or complete the rotavirus vaccination series. Further, although rotavirus vaccine
may be administered at the same immunization visit as DTP-Hib, administrative estimates of
rotavirus vaccine coverage were consistently lower than for DTP-Hib for several years
following rotavirus vaccine introduction.

Overall strength of the immunization program was associated with uptake of oral rotavirus
vaccine; uptake was highest in the South and Southeast regions of Brazil where routine
immunization rates were also high [13]. Coverage with newly introduced vaccines may lag
behind those of established vaccines for a number of reasons, including insufficient
healthcare worker education and information, supply interruptions, inadequate cold chain
capacity and missed immunization opportunities. The oral formulation of rotavirus vaccine
and the two-dose vaccination schedule should have facilitated simultaneous administration
with DTP-Hib vaccine. However, state immunization programs reported that healthcare
workers, particularly those in the North and Northeast regions, found recommendations
regarding the upper age limits for rotavirus vaccination confusing, which may have led to
reluctance to administer the vaccine (National Immunization Program, unpublished data).
Limited capacity to store vaccines at health facilities may also have contributed to delayed
uptake, but was rapidly resolved by increasing local cold chain capacity to accommodate the
large volume required for oral rotavirus vaccines. Further, no major stock-outs of oral
rotavirus vaccine were reported to Brazil’s national immunization program from any region.
Persistent differences between DTP-Hib and oral rotavirus vaccine coverage after several
years suggest that a substantial number of children did not receive rotavirus vaccine due to
delayed presentation for vaccination rather than slow scale-up of rotavirus vaccination. The
difference between DTP-Hib1 and Rotal suggests that almost 125,000 infants (4.2% of a
birth cohort of approximately 3 million) failed to receive the first dose of rotavirus vaccine
despite having access to immunization services. Delayed immunization visits are the most
likely explanation for the gap between rotavirus vaccine coverage and coverage of other
routinely recommended immunizations.

Although Brazil has not reached coverage targets with oral rotavirus vaccine, dramatic
declines have been observed in diarrhea hospitalizations and deaths following rotavirus
vaccination, including in the North and Northeast regions with the highest diarrhea-related
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mortality [14]. Whether improved timeliness of rotavirus vaccination or increased coverage
would further decrease rotavirus-associated morbidity and mortality in Brazil is not known.
Potential benefits of increased timeliness of routine immunization on prevention of rotavirus
diarrhea would depend on the age distribution of rotavirus infections [5], as well as vaccine
effectiveness against severe diarrhea due to circulating rotavirus strains after vaccine
introduction [15-17].

The age-specific recommendation for administration of rotavirus vaccines was based on a
previously licensed rotavirus vaccine (RotaShield®) that was withdrawn from the market
after post-licensure studies showed an increased risk of intussusception following
vaccination, especially following the first dose [18]. Because of catch-up vaccination with
RotaShield® and increased background rates of intussusception in older infants, children
older than 12 weeks of age accounted for >80% of intussusception cases following receipt of
this vaccine [5]. The maximum age of 14 weeks for the first dose of rotavirus vaccine in
Brazil was based on age limits used in clinical trials for Rotarix®, which showed no
increased risk of intussusception among vaccinated children [19]. Post-licensure
surveillance in several countries has documented an increased risk of intussusception
following rotavirus vaccination [4], including a five-fold increased risk within one week of
the first dose of rotavirus vaccine in Mexico and a two-fold increased risk within one week
of the second dose in Brazil [15]. While the excess risk of intussusception following
Rotarix® (1 case per 50,000-70,000 children vaccinated) [20] has been much less than the
risk of intussusception following receipt of RotaShield® vaccine (1 case per 4500-9500
children vaccinated) [18], no data are available to assess intussusception risk when the first
dose of the newer vaccines is administered after 15 weeks of age.

When WHO?’s Strategic Advisory Group of Experts on Immunization (SAGE) first
recommended introduction of Rotarix® into national immunization programs in the
Americas, administration of the second dose was not indicated beyond 24 weeks of age, the
upper age limit used in clinical trials [9]. In 2009, SAGE revised its recommendation and
advised completing the rotavirus immunization series by 32 weeks of age, whether using a
two-dose or three-dose schedule [4]. In April, 2012, SAGE again revised its
recommendations to support removal of upper age limits for administration of each dose of
rotavirus vaccine [20]. This decision was based on evidence suggesting that additional
deaths could be averted by increasing rotavirus vaccination rates with a small increase in
intussusception cases [20,21]. As delays in the timing of vaccination are common in many
countries with high childhood diarrhea mortality rates, relaxing age restrictions along with
efforts to improve timeliness will help to ensure that vaccine is reaching those children at
highest risk of dying from rotavirus diarrhea [5,21].

In the Americas, the Pan American Health Organization’s Technical Advisory Group on
Vaccine-preventable Diseases recommended adherence to national immunization schedules
to maximize benefits of early vaccination, while recognizing the potential benefit of
rotavirus vaccination up to one year of age in settings of difficult access or high diarrhea
mortality [22]. In Brazil, the National Immunization Technical Advisory Committee has
recommended maintaining upper age limits for rotavirus vaccination, while extending the
upper age limit to complete the two-dose rotavirus series to 8 months [23]. Public health
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officials in Brazil anticipated that maintaining the age limits would encourage immunization
program staff to improve timeliness of routine immunizations. Changing the maximum age
for administration of the second dose of rotavirus vaccine to 8 months will likely increase
two-dose rotavirus vaccination coverage in Brazil. Experience with rotavirus vaccination in
countries with different immunization schedules and in countries that relax age restrictions
for vaccination may help to evaluate potential risks and benefits of extending upper age
limits for receipt of rotavirus vaccine.

This analysis has several limitations. We used administrative data to assess uptake of
rotavirus vaccine. Because imprecise population estimates can result in under-or over-
estimations of coverage, we compared oral rotavirus vaccine to DTP-Hib coverage in the
same population of children under 1 year. However, administrative data are also subject to
numerator errors including recording second doses as first doses or unused doses as
administered, which may account for greater numbers of first rotavirus doses than DTP-Hib
in some regions. In addition, our analysis of timeliness of routine immunizations was limited
to the period before rotavirus vaccination, and data on actual timeliness of rotavirus
vaccination were not available. The vaccination coverage survey was limited to children
residing in 27 capital cities; while these cities represent approximately 20% of the Brazilian
population, timeliness of routine immunizations likely differs in rural areas or in areas with
limited access to health services, especially in the North and North-east regions.
Correlations between regional differences in rotavirus coverage and timeliness of DTP-Hib
vaccination were only representative of the cities surveyed.

In conclusion, delayed routine immunizations may have resulted in suboptimal coverage
with rotavirus vaccines among children who presented for routine immunizations after
reaching the previously recommended upper age limits for beginning or completing the
rotavirus vaccine series. Timeliness of immunization needs to be improved to ensure that
young infants are protected from rotavirus infection [24], while new recommendations that
relax upper age limits should encourage strategies to reach children at highest risk of
rotavirus-related morbidity and mortality. Monitoring of rotavirus vaccine safety as well as
coverage is needed to inform strategies to improve timeliness of immunization.
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dose of hepatitis B vaccine, OPV3, 3™ dose of oral polio vaccine, DTP-Hib3, 3" dose of

diphtheria-tetanus-pertussis-Haemophilusinfluenzaetype b vaccine; Rota2, 2" dose of oral
rotavirus vaccine; BCG, BacilleCalmette-Guérin; MMR, measles-mumps-rubella vaccine.

Fig. 1.
Estimated coverage with recommended immunizations among infants younger than one year

of age, Brazil, 2001-2010.
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Fig. 2.

Monthly administrative coverage (number of doses administered divided by monthly target
population) of oral rotavirus vaccine by geographic region, Brazil, 2006—-2008. (a) First dose
(Rotal) and (b) Second dose (Rota 2).
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Fig. 3.
Timeliness of diphtheria-tetanus-pertussis-Haemophilus influenzae type b (DTP-Hib)

immunization before introduction of oral rotavirus vaccine: percentage of children
vaccinated by week of age according to household survey conducted in 27 capital cities.
Arrows indicate 14 and 24 weeks of age. Braces indicate percentage of children who
received DTP-Hib1 after 14 weeks of age or DTP-Hib2 after 24 weeks of age.
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Comparison of administrative vaccine coverage* for 27 Brazilian cities (according to
geographic region) in 2010 with timeliness of diphtheria-tetanus-pertussis-Haemophilus
influenzae type b (DTP-Hib) vaccination before introduction of oral rotavirus vaccine, from
an immunization survey conducted among 19-36 month old children during 2007-2008
(each point represents one city, symbols indicate cities in the same region). a) First dose:
percent of children surveyed in 2007-2008 who had received 1st dose of DTP-Hib after 14
weeks of age versus the difference between administrative coverage of 1st dose of DTP-Hib
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and oral rotavirus vaccine among children <1 year old in 2010; b) Second dose: percent of
children surveyed in 2007-2008 who had received 2nd dose of DTP-Hib after 24 weeks of
age versus the difference between administrative coverage of 2nd dose of DTP-Hib and oral
rotavirus vaccine in 2010. *Administrative coverage refers to the number of doses
administered per calendar year divided by the population <1 year of age for each dose of
vaccine. DTP-Hib1, diphtheria-tetanus-pertussis-Haemophilus influenzae type b vaccine 1st
dose; DTP-Hib2, diphtheria-tetanus-pertussis-Haemophilus influenzae type b vaccine 2nd
dose; Rotal, oral rotavirus vaccine 1st dose; Rota2, oral rotavirus vaccine 2nd dose.
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Percentage of children who received first dose of combined DTP-Hib vaccine (DTP-Hibl) after 14 weeks of
age or second dose (DTP-Hib2) after 24 weeks: results of a household survey of vaccination coverage prior to

introduction of oral rotavirus vaccine.

Region Children who received  DTP-Hib1 doses received >14  Children who received DTP-Hib2 doses received >24
DTP-Hib1 (N) weeks of age (%) DTP-Hib2 (N)  weeks of age (%)
All capital cities 15,426 9.5 15,235 16.6
North 3252 12.0 3193 197
Northeast 5521 11.8 5440 199
Southeast 2676 6.7 2648 12.6
South 2178 5.4 2171 107
Central-west 1799 7.8 1783 139

Data were obtained from an immunization coverage survey among children born in 2005 in 27 Brazilian cities. Data are presented according to
region of Brazil in which cities are located. Age at vaccination was calculated from data recorded on child’s vaccination card.

Vaccine. Author manuscript; available in PMC 2016 February 18.



