Georgia State University

ScholarWorks @ Georgia State University
Public Health Theses

School of Public Health

12-18-2013

Rotavirus Vaccination Rate Disparities Seen
Among Infants with Acute Gastroenteritis (AGE)
Trisha Chan
Georgia State University

Follow this and additional works at: http://scholarworks.gsu.edu/iph_theses
Recommended Citation
Chan, Trisha, "Rotavirus Vaccination Rate Disparities Seen Among Infants with Acute Gastroenteritis (AGE)." Thesis, Georgia State
University, 2013.
http://scholarworks.gsu.edu/iph_theses/305

This Thesis is brought to you for free and open access by the School of Public Health at ScholarWorks @ Georgia State University. It has been accepted
for inclusion in Public Health Theses by an authorized administrator of ScholarWorks @ Georgia State University. For more information, please contact
scholarworks@gsu.edu.

ABSTRACT
TRISHA CHAN
Rotavirus Vaccination Rate Disparities Seen Among Infants with Acute Gastroenteritis (AGE)
(Under the direction of Lisa Casanova, PhD, Faculty Member)
Background: Rotavirus is one of the most common diarrheal diseases in children less than 5
years of age. Rotavirus vaccines have greatly reduced this burden in the United States. An
examination was conducted to determine possible disparities in RV vaccination rates compared
to DTaP.
Methods: Children were actively enrolled during two rotavirus seasons from January-June of
2010 and 2011 in the Emergency Departments (ED) and inpatient floors from all Children's
Healthcare of Atlanta (CHOA) sites (Scottish Rite, Egleston, and Hughes Spalding) with acute
gastroenteritis (AGE). Data and a stool sample were collected from enrolled children and
samples were tested for presence of rotavirus using an enzyme immunoassay (EIA) kit
(Rotaclone). Vaccination records were abstracted from the state immunization registry and
primary healthcare providers to examine complete and incomplete vaccination status. This
cohort of children with vaccination records were used for this analysis. Cases were identified as
children receiving a complete RV dose series and controls were identified as children with
incomplete RV doses. A logistic regression model was used to determine disparities seen
amongst children with incomplete vaccination status.
Results: Of the 660 patients that were approached for this study, 414 participants were included
in this retrospective cohort analysis. 46.9% had incomplete rotavirus vaccination status and were
more likely to be positive for rotavirus AGE (OR 1.76, 95% CI 1.46-2.13). Black infants had a
higher rate of incomplete RV compared to whites (p-value 0.0006). When controlling for
covariates, racial differences were no longer significant (OR 1.37 95% CI 0.77-2.57); however
household size (p-value 0.0343), age at onset of illness (p-value 0.0061), and DTaP vaccination
status (p-value < 0.0001) were all significant in determining vaccination status for children.
Conclusions: Racial disparities and socioeconomic differences are not evident in determining
rotavirus vaccination rates; however, household size, a possible social determinant, has an effect
on RV status. In addition, timely vaccinations are important in preventing incomplete RV
vaccination status, due to RV vaccine age restrictions.
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CHAPTER I:
INTRODUCTION

1.1 Background
Before the inception of rotavirus vaccines, rotavirus remained the leading cause of severe
diarrhea in children in the United States (US).1 Beginning in 2006, two rotavirus vaccines (RV)
were licensed for use in the US: Rotarix® (GlaxoSmithKline Biologicals; RV1), a human, live
attenuated 2-dose vaccine and RotaTeq® (Merck & Co., Inc.; RV5), a live, oral pentavalent
three-dose vaccine. Although national introduction of RV has caused an overall decline in
rotavirus gastroenteritis hospitalizations in children of all races, disparities in Black children and
children under Medicaid insurance observed in pre-vaccine years in the US still persist in post
licensure times. 2-4
An analysis of RV5 during its first six months of availability (August 2006 through
January 2007) reported that a significant portion of children analyzed from Pennsylvania's
immunization registry were being excluded, due to age, from receiving any RV5 doses and from
completing the 3 dose regimen series.5 However, a large prospective cohort study conducted in
2009 found that 84.3% of all patients completed a full RV series. More children in the RV1
cohort were fully immunized than in the RV5 cohort, due to either missed dosing or incorrect
dose timing (91.0% vs. 83.4%; p <0.001).6
Previous studies in the US have reported that children who are under-immunized, with
under-immunization defined as those who have received some vaccines but have not completed
all of the doses, are more likely to be Black and come from a low socio-economic background
than fully immunized children. Conversely, children who are unimmunized, or those who had
1

parents who refused vaccines, tend to be White and from higher income households.7,8
Identifying disparities that might exist for rotavirus can have major impact on the types of
vaccine programs and populations to target. Currently, disparities associated with rotavirus
vaccination rates have not been determined or examined in previous literature.
1.2 Purpose of Study
The purpose of this study was to determine if racial, ethnic, socioeconomic status and
insurance status disparities exist in completion rates for RV using a retrospective cohort from
primary surveillance conducted at Children's Healthcare of Atlanta (CHOA) hospitals.
1.3 Research Question
1. Are previously reported disparities in rotavirus and immunizations, such as race,
ethnicity, or insurance status also associated with incomplete RV vaccination status?
2.

Are there other socioeconomic factors and disparities associated with incomplete RV
vaccination status?
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CHAPTER II:
REVIEW OF THE LITERATURE

2.1 Rotavirus Background
Diarrheal diseases have been one of the leading causes of death in children worldwide.
Sources of diarrheal illnesses range greatly where most bacterial and parasitic origins come from
sanitation and hygiene factors; while infectious agents, tend to originate from modes of
transmission between person-to person contact or from person-to-environment.9 Before the
identification of human rotavirus in 1973, direct infectious causes of diarrheal diseases were
difficult to determine. Since this discovery, rotavirus has been estimated to contribute to 40-50%
of severe diarrhea worldwide in children less than 5 years of age.10
Rotavirus is mainly transmitted through person-to-person contact, mainly through the
fecal oral route and is difficult to treat with conventional diarrheal therapy, due to a lack of
antimicrobial therapy as well as less effective oral rehydration therapies, due to severe vomiting
often present in children with rotavirus.11 Clinical signs and symptoms of rotavirus include
watery diarrhea, vomiting and/or fever, which lead to loss of fluids that can last up to 2-7 days
and potentially lead to dehydration. These symptoms can vary considerably in regards to
severity, with the most severe cases occurring in infants with their first infection occurring after
3 months of age.9 The severity of disease in these infants is partially due to the fact that rotavirus
exhibits natural protection, where neonates are protected using maternal antibodies and adults are
protected through acquired immunity.12
In many areas in the world, mainly regions with temperate climates, rotavirus exhibits
seasonal patterns with peaks of disease occurring in the winter months. During these winter
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months, rotavirus has been estimated to be responsible for up to 70% of hospitalizations related
to diarrhea.9 In the United States, rotavirus season usually begins in the southwest in late fall
and peaks in December and January and transitions to the northeast, with the highest rates
occurring during March and April.13 Introduction of rotavirus vaccinations, though, have led to a
shift in the US trend and has shortened as well as delayed the rotavirus season.14
2.2 Burden of Disease
Rotavirus infection is universal in that the incidence of children under the age of 5 is the
same in developed and developing countries with 80-95% of these children suffering at least 1
episode of rotaviral gastroenteritis.9,15 Although rotavirus only accounts for 5-10% of total cases
of gastroenteritis, it is usually associated with more severe cases. It is estimated that each year
there are 114 million episodes of rotaviral gastroenteritis worldwide, with 24 million requiring
clinic visits, 2.4 million needing hospitalization, and results in an estimated 400,000-500,000
deaths per year, with most of these deaths occurring in Africa and Asia.12,16,17
In the United States alone and before the implementation of vaccines, rotavirus accounted
for 410,000 physician visits, over 200,000 emergency room (ER) visits, 55,000-75,000
hospitalizations in young children, and 20-60 deaths.1 In 2007, using a cost effectiveness model
it was estimated that rotavirus contributed to $319 million in direct healthcare costs from
hospitalizations, clinic visits, and ER visits. Indirect costs, such as parental days lost, were
estimated at $574 million, totally $893 million in total societal costs.18
2.3 Vaccine Development
Due to the significant global burden of disease associated with rotavirus, the World
Health Organization (WHO) recommended the need for vaccine development. Since rotavirus
exhibited protective immunity from repeated infections, this same rationale was used to create a
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vaccine. The first vaccine trial began in 1983, investigating the effectiveness of an oral vaccine
derived from a bovine strain (RIT 4237). Results demonstrated that live oral vaccines were
effective in protecting infants from infection, that protection was greatest against the most severe
cases, and animal strains were possible to use against human strains; however, the vaccine failed
to show consistent efficacy in multiple countries and development efforts were suspended.16,19
It took 15 more years to license a vaccine and Rotashield® (Wyeth) was introduced in
1998 as a tetravalent rhesus vaccine containing G1-G4 strains. Clinical trials occurred in parts of
the US, Finland and Venezuela and demonstrated an 80-100% efficacy in preventing severe
diarrhea. The vaccine was recommended for routine use in the US and was given to more than
60,000 infants in the first 9 months; however, in July 1999 Rotashield® was removed, due to
reports of a heightened risk of intussusception within the first 2 weeks of the first dose being
administered. Although the actual risk remains unclear to this day and accounted for 1
intussusception case out of 10,000 vaccinated, the vaccine remained withdrawn for further
use.12,16
Two vaccines were later developed after Rotashield® was taken off the market and
provided 2 different approaches to their development. Rotateq® (Merck) used a combination of
5 different bovine human re-assortment strains and is administered in 3 doses at 2, 4 and 6
months of age, not to exceed 8 months.20 Due to the heightened concerns from Rotashield®, the
Rotavirus Efficacy and Safety Trial (REST) Study Team recruited more than 60,000 infants to
determine efficacy and intussusception rates for Rotateq®. During this trial, 12 occurrence of
intussusception occurred in the vaccine group and 15 in the placebo group within 1 year after the
first dose. Results demonstrated a vaccine efficacy of 98% against severe gastroenteritis and a
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reduction of hospitalizations and ER visits by 94.5%.21 From these findings, Rotateq® was
licensed in the US in February 2006 and was recommended for routine use in children.16
The second vaccine, Rotarix® (GlaxoSmithKline), is a human, live attenuated oral
vaccine, and is based on the idea of protective immunity. This vaccine is administered in 2 doses
and is recommended at 2 and 4 months of age, not to exceed 8 months.20 Rotarix® also went
through intense safety and efficacy trials, with over 60,000 infants in 11 Latin American
countries and Finland enrolled. Results indicated that this vaccine was 85% effective against
rotavirus hospitalizations and 100% effective against severe rotavirus. Intussusception rates were
also noted and had 6 cases in the vaccine group and 7 in the placebo. It was concluded from
these trials that Rotarix® was efficacious and had no association with increased risk of
intussusception.22 This vaccine was first licensed in Mexico and the Dominican Republic in
2004 and was later introduced into 35 countries around Europe and licensed in the US in June
2008.16,20
In May 2010, Rotarix® was temporarily suspended, due to identification of porcine
circovirus (PCV1) in the vaccine, even though there was no health risk for humans associated
with PCV1.23 Testing was performed on both vaccines and it was determined that Rotateq® also
had traces of PCV1, although suspension was not done on this vaccine. The suspension on
Rotarix was later lifted later in the year after no risks were identified.24
2.4 Vaccine Safety and Efficacy
In 2009, WHO recommended that rotavirus vaccines be introduced in all countries
worldwide, in particular those countries with a high diarrheal rate of mortality.17 During this
time, multiple studies were being performed to determine the efficacy and safety once Rotateq®
and Rotarix® were put into routine immunization programs. Several studies have observed
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major declines in hospitalization rates due to rotavirus in high and middle income countries,
where vaccines have been introduced.25-27
Vaccine efficacy (VE) studies in the US have demonstrated a Rotateq® VE between 8994%, and a VE against rotavirus gastroenteritis hospitalizations and ER visits of 100%, with a
reduced rate of visits occurring between each dose of Rotateq®.20,28-30 It has also been seen that
2 doses of Rotateq® seem to provide ample protection, with a 90% VE, although the
effectiveness declines to 66% with just 1 dose administered.28 Rotarix® has also shown high
efficacy in the US, with a VE of 91% and a reduction of hospitalizations and office visits;
however, further studies need to be done in order to understand the full impact of Rotarix® in the
US and developing countries.9,20
Developing countries have seen more variability within its VE, with a VE ranging from
39-77%; however, this is a vast improvement compared to the first generation vaccine,
Rotashield® that only produced 20% efficacy in developing countries.31 In addition, some
countries have seen a decline in efficacy after the first year of life. In an El Salvador study, VE
was 83% during infancy and fell to 59% for those older than 1 year of age.32,33 Although these
numbers are lower and more variable than developed countries, there has still been absolute
reduction in severe diarrhea disease in countries that have introduced these vaccines.31
Intussusception has been a concern for both vaccines and vaccine development clinical
trials demonstrated that there was no risk involved with these two vaccines. As more programs
adopt these vaccines into routine use, further examination has been done to see if any changes
have occurred from the initial trials. There does not seem to be any further risk for
intussusception associated with these two vaccines; however, international data suggests a slight
risk after the first dose for children 8-11 weeks, but the numbers are still very small and the
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benefits outweigh the low risks that are currently present. Further monitoring is essential to
ensure that these vaccines are safe and effective globally.34
2.5 Rotavirus Disparities
Studies have been performed pre-licensure and post-licensure of rotavirus vaccines in
order to determine if any changes have occurred in regards to disparities, such as race and
insurance. Using the largest US hospital database, The Healthcare Cost and Utilization Project
(HCUP), hospitalization rates due to rotavirus were examined comparing races. Compared to
white children, black infants < 6 months had significantly higher hospitalization rates as well as
an increased risk for death.2 Yen et al found similar risks concerning black infants. After postlicensure of vaccines, disparities for white, older children dissipated as well as an overall decline
in hospitalizations due to diarrhea; however, black infants continued to have higher rates of
hospitalizations and ER visits.35 These risks were similar to a study done during 1974-1982,
which indicates that disparities with race associated with rotavirus have persisted, despite the
implementation of various rotavirus programs throughout the US.2,35,36
Insurance status has also been associated as a disparity with rotavirus disease. Data used
from the Kids' Inpatient Database in 2000 and 2003 demonstrated a disproportionate number of
Medicaid children being hospitalized for rotavirus compared to non-Medicaid children.
Medicaid children accounted for increased hospitalizations, increased length of stay and higher
average charges per stay.3 In addition, race and insurance seemed to determine likelihood of
patients choosing outpatient care versus ER care, with black children and those with Medicaid
utilizing ER visits at almost double the rate of white children.4
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2.6 Immunization Disparities
Vaccine coverage is important for these rotavirus vaccines, due to the high efficacy seen
in both vaccines as well as the possibility for herd immunity. Age restrictions for each vaccine
play a major role in the importance of timely vaccinations. These age restrictions have also been
found to limit certain children from getting these vaccines. In Philadelphia, it was found that
children were more likely to suffer from delayed immunizations, which impacted the ability to
get full doses of rotavirus vaccines.5 Disparities were also seen in black children in Chicago
public schools concerning timely vaccinations. DTaP was used to measure rates and a
disproportionate number of black children had low rates of immunizations at 7 months of age.
These disparities evened out after 48 months; however, this would not impact rotavirus
vaccinations, due to age restrictions enforced for these vaccines.37
Timely vaccinations are of great importance for rotavirus vaccines, due to the age
restrictions with each dose. Data is limited in regards to the impact of disparities within
rotavirus vaccination rates, due to age restrictions and other possible factors.

9

CHAPTER III:
METHODOLOGY

3.1 Study Design
This was a retrospective cohort study with data collected from active surveillance
conducted during two rotavirus seasons running from January 1, 2010 to June 31, 2010 and
January 1, 2011 to June 31, 2011. Pediatric patients who were seen at any of the three CHOA
hospital sites, which cover the metro Atlanta area, were eligible for enrollment if they were: (1)
diagnosed with acute gastroenteritis (AGE) defined as ≥ 3 looser than normal stools within a 24hour period and diarrhea < 10 days at time of enrollment; (2) managed as an emergency
department (ED) patient, short-stay patient, or inpatient; (3) had no immunocompromising
condition (e.g. malignancy, HIV infection); (4) had a stool sample collected from the patient
within 14 days of presentation of illness with results available from a rotavirus antigen
immunoassay; (5) eligible to have received at least 1 RV dose >14 days before presentation
according to birth date (6) born on or after March 1, 2009 and age at evaluation >56days; and (7)
lived in the usual catchment area of the hospital.
Parents of children who met all of the criteria listed above were approached and once an
informed consent was obtained, a standardized parent questionnaire was administered, which
collected demographic data, medical history of the underlying symptoms, household
information, and names and addresses of the child's immunization providers. Rotavirus testing
was conducted at the Centers for Disease Control (CDC) using a commercial enzyme
immunoassay (EIA) kit (Rotaclone) to categorize children as either rotavirus positive (cases) or
rotavirus negative (controls). Immunization records were obtained from immunization providers
identified by parents or guardians during enrollment and also from the GA immunization
10

registry, which is maintained by the department of public health and contains up-to-date
immunization records. The study was approved by the institutional review boards at the CDC
and CHOA.
3.2 Study Measures
Immunization records were used to determine rotavirus vaccination status. Rotavirus
vaccination status was defined as complete or incomplete at the onset of illness. A child was
considered to have complete rotavirus vaccination status if they met one of the following criteria:
(1) if the child was ≥ 32 weeks at the time of illness and received 3 doses of Rotateq, or 2 doses
of Rotarix, or 3 doses of a mix of Rotarix and Rotateq; (2) if the child was ≤ 20 weeks at time of
illness and received at least 1 dose of Rotarix; (3) if the child was ≤ 22 weeks at time of illness
and had at least 2 doses of Rotateq; (4) if the child was ≤ 12 weeks at time of illness and had at
least 1 dose of Rotateq. Children that did not meet the above criteria were considered to have
incomplete rotavirus vaccination status. Diphtheria, tetanus and pertussis (DTaP) vaccine was
used to compare with rotavirus vaccination status. This vaccine has a similar schedule to
Rotateq and a child was considered to have complete DTaP vaccination status if the child had
one of the following:(1) at ≤ 12 weeks at time of illness the child had at least 1 dose; (2) at ≤ 22
weeks at time of illness the child had at least 2 doses; (3) at ≥ 32 weeks at time of illness the
child had at least 3 doses.38
3.3 Study Definitions
Race
Race was determined from the parent questionnaire done at time of enrollment. The other
category included American Indian/Alaskan Native, Asian, and Native Hawaiian/Pacific
Islanders or if the parent designated other on the questionnaire.
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Insurance Status
Emergency room, inpatient, and clinic records for the day of the visit were used to determine
insurance status. Public insurance included Medicaid. Private insurance included PPO, HMO
and POS plans. Those that had self-pay were considered to have no insurance.
3.4 Statistical Analyses
Descriptive characteristics of the cohort were done to look at the general characteristics
of those used in this analysis, as well as look at the distribution of characteristics for vaccination
status. Possible associations between vaccination status and variables were determined by odds
ratios and 95% confidence intervals. Variables that were identified as possible covariates
included race, ethnicity, insurance status, age at visit, caretaker highest degree level, daycare
status, household size and DTaP vaccine status. Multivariable regression analysis was also
performed looking at vaccination status and possible covariates. The data analyses was
generated using SAS Software, Version 9.2 © 2002-2008 SAS Institute Inc., Cary, NC, USA.
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CHAPTER IV:
RESULTS

4.1 Descriptive Statistics
From two rotavirus seasons in January to June of 2010 and 2011, 660 eligible patients
were approached at all 3 CHOA hospital sites in the ED and inpatient floors. Of those 660
eligible patients, 111 parents refused participation into the study. Out of the 549 that were
successfully enrolled into the study, 430 valid stool samples were collected and tested over the
course of each season. Three stools later got withdrawn, due to 1 child being too young for the
study, 1 stool sample being collected more than 14 days after illness, and 1 child being enrolled
again within 2 weeks of previous enrollment. Of the 427 samples that were used, 422 children
were located in the GRITS registry; however, 8 of those children's rotavirus vaccination status
could not be determined to be complete or incomplete and were taken out of the analysis.
Overall, 414 children were included in this retrospective cohort analysis, with 220 children
having complete rotavirus vaccination status and 194 having incomplete status (Figure 1).
Most children were enrolled from the hospital ED 82.4% (341/414) and were not
admitted for their AGE illness. The majority of participants were Black 64.6% (257/414), nonHispanic 81.3% (335/414), rotavirus negative 72.0% (298/414), more than 8 months of age
62.8% (260/414), male 57.2% (237/414) and had public insurance 77.5% (321/414).
Almost half of the study participants had incomplete rotavirus vaccination status (46.9%)
at the time that they presented to the hospital with AGE symptoms. Of those that were
incomplete, the majority of children, 73.4% (138/194), identified themselves as black and nonHispanic (89.6%, 173/194). More than 40% of children with incomplete status were positive for
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rotavirus compared to only 16.8% positive for children with complete status (OR 1.76, 95% CI
1.46-2.13). In addition, children with incomplete vaccination status seemed to have a higher
severity of disease with a higher percentage of children being admitted into the hospital and
staying between 1-5 days in the hospital compared to complete rotavirus vaccination status
children (Table 1).
There were significant differences noted in the distribution of the age at the time of
illness, household size, and DTaP vaccination status when comparing incomplete vaccination
children to complete vaccination status children. 74.2% (144/194) of incomplete vaccine
children were > 8 months of age, while a more even distribution was evident for complete
vaccine children, with 52.7% of > 8 months or older children being complete. In addition,
children that were > 8 months of age were more likely to be positive for rotavirus AGE (OR
1.49, 95% CI 1.05-2.11, p-value 0.0216). Incomplete rotavirus vaccination children also had a
higher proportion of having more than 6 members in their household compared to complete
vaccine children (13.9% vs. 5.9%, p-value 0.022). Lastly, 53.1% (103/194) of incomplete
vaccine children were incomplete for DTaP vaccine compared to only 9.5% of complete children
being incomplete for DTaP vaccine.
4.2 Univariate Analysis
Possible covariates were examined for incomplete RV vaccination status. Children with
incomplete vaccination status were more likely to be Black compared to complete vaccine status
children (OR 1.61, 95% CI 1.19-2.18). Those that were Hispanic had a protective effect in
regards to vaccination status (OR 0.50, 95% CI 0.34-0.74) and were more likely to have
complete status. Children that were not in daycare also had a protective effect for vaccination
status similar to that found in Hispanics (OR 0.78, 95% CI 0.64-0.95). Household size had a
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significant difference between those that reported more than 6 members in the household
compared to 3 or less household members (OR 1.50, 95% CI 1.15-1.94). Children that were > 8
months of age were also more likely to have incomplete vaccine status compared to children <=
8 months (OR 1.71, 95% CI 1.33-2.20). Being incomplete for DTaP vaccine also increased a
child's likelihood that they would be incomplete for rotavirus vaccine (OR 2.65, 95% CI 2.193.19) (Table 2).
4.3 Multivariable Analysis
Multivariable logistic regression analysis was performed to measure if any possible
covariates identified in the univariate analysis were possible predictors for incomplete RV
vaccination status. Race and ethnicity no longer were significant in determining incomplete
vaccination status (Black: OR 1.37, 95% CI 0.77-2.57; Hispanic: OR 0.45, 95% CI 0.19-1.05).
Children that were > 8 months of age remained significant and were almost 2 times more likely
to have incomplete RV vaccination status in this cohort (95% CI 1.22-3.27). In addition, parents
that reported a child's household size > 6 were 2.68 times more likely to be incomplete for RV
vaccine status (95% CI 1.08-6.69). DTaP vaccine status was also significant in predicting RV
vaccine completion status (OR 7.79, 95% CI 4.47-13.58).
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CHAPTER V:
DISCUSSION AND CONCLUSIONS

5.1 Discussion
Previous studies have confirmed that RV1 and RV5 vaccines are both effective in
deterring rotavirus disease and sustaining protection in the first 2 years of life; however, the
vaccine effectiveness decreases for RV5 with two doses and one dose or an incomplete
vaccination status.20,28,30,39 This retrospective cohort study confirms the previous studies'
analysis for rotavirus vaccine effectiveness in that children with complete vaccination status
were less likely to be positive for rotavirus compared to those with incomplete status at onset of
AGE illness. Incomplete rotavirus vaccine children also seemed to have higher severity in their
illness.
Through this analysis, disparities associated with rotavirus disease and other
immunizations that have been evident in earlier studies, specifically race and insurance status,
were not apparent2,37. Although racial disparities were seen in the univariate analysis,
controlling for other covariates in the multivariable analysis showed non-significant association
between race and vaccination status. These findings might suggest that racial disparities
associated with immunizations might be diminishing; however, this study only examined
children covering a small part of GA, mainly the metro Atlanta area, and might not be reflective
to other areas in the US. Insurance status was never found to have a significant association to
vaccination status, but these results could have been limited, due to the small number of children
reporting private insurance and the majority of children reporting public insurance. A larger
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sample is needed to fully understand the relationship between socioeconomic and vaccination
status.
The rotavirus vaccines have a unique age restriction compared to other recommended
vaccines for routine use. Few vaccines have an upper age limit of such a short time span as the
RV vaccines, which might affect children from receiving a full dose of rotavirus vaccine.
Secondly, RV vaccines are the only vaccines that are recommended with age limits counted in
weeks. This might cause confusion for providers as well as put more stringent age restrictions
on rotavirus vaccines compared to other vaccines.5 Since these two vaccines have two different
dosing schedules, Rotateq® might seem more difficult to achieve complete vaccination status,
which has been noted in a large prospective cohort study.6 This analysis showed similar issues
in regard to complete vaccination status. The comparison for ages was between children less
than 8 months of age to those that were greater than 8 months of age. This comparison was used,
due to the age limits set by the Advisory Committee on Immunization Practices (ACIP) and
American Academy of Pediatrics (AAP).38 The age at onset of illness affected the likelihood of
a child having complete vaccination status, which seems to signify the importance for timely
vaccinations.
Other vaccines, such as DTaP, seem to be a predictor in determining if a child will
receive the rotavirus vaccine. Although children that are incomplete with the DTaP vaccine are
7 times more likely to not receive the rotavirus vaccine, further analysis needs to be done to
determine why 46.9% of children that were complete for DTaP were incomplete for rotavirus
vaccine. The age of visit might play a role into why there were a high number of children that
were incomplete for rotavirus vaccine, but complete for the other DTaP vaccine, since DTaP has
fewer restrictions on age for the third dose.
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Household size also had an association to determining vaccination status and could
possibly serve as a proxy for household crowding. From the analysis, household crowding could
possibly play a role in determination of vaccination status. Previous studies have not looked at
social determinants related to rotavirus vaccinations and this may be a catalyst in looking at this
and possibly other determinants that might affect a child's likelihood of getting vaccinations.
5.2 Limitations of the Study
There were several limitations to this retrospective cohort study. Since this dataset was
originally used to examine the vaccine effectiveness of RV1 and RV5, some questions that could
have facilitated the analysis were not asked. Therefore, reasons for why certain risk factors exist
or do not exist were more difficult to examine. Household size was used as a proxy for
household crowding and might not truly reflect crowding. In addition, risk factors that remained
significant: age at onset of illness, household size, and DTaP vaccine status had somewhat larger
confidence intervals, which indicates that there might be variability within our study cohort.
This analysis only included a cohort of children that covered the metro Atlanta area and
might not reflect other populations outside of metro Atlanta or nationally. The catchment area
was primarily children with public insurance and Blacks, which might have made it difficult to
determine associations with vaccination status. Disparities not shown in this analysis might still
persist in other parts of the country. Further analysis needs to be performed to include a larger
sample size.
5.3 Recommendations
Although racial disparities and insurance were not associated with incomplete
vaccination status in this cohort study, other risk factors were identified. It may be beneficial to
analyze additional social determinants, such as access to care, to possibly establish target
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populations. In addition, pediatricians should stress to parents the importance of timely
vaccinations, particularly for RV vaccines, due to its strict age limits.
5.4 Conclusions
RV vaccines have proven to be effective vaccines for combating severe rotavirus disease.
It has been shown that these vaccines have continued protection for children in the first two years
of life; however, complete vaccinations are imperative in order for these vaccines to sustain its
efficacy. Due to age restrictions of these RV vaccines, timely vaccinations are important to
complete these vaccines. Advisory committees should examine possibly looking at efficacy for
children that are given the RV vaccine after 8 months of age and adjusting the age to include a
wider age range. Routine recommended vaccines, specifically DTaP, are associated with
determining RV vaccine status, which reinforces the need for timely vaccinations. Certain
disparities, such as race and insurance, were originally thought to be associated with incomplete
vaccination status were shown as not being significant; however, other social determinants, age
and household size, seem to play a role in vaccination status and more studies should be done to
examine these and other social determinants and its effect on immunization status.
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Figure 1. Enrollment Flow Diagram

Three stool samples were later withdrawn from the dataset (One patient younger than 56 days,
one stool sample collected > 14 days after start of illness, and one patient re-enrolled within 14
days of previous enrollment).
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Table 1. Descriptive Characteristics (n=414)
Variable
Race a,b
White
Black
Other
Ethnicityc
Hispanic
Non-Hispanic
Sex
Male
Female
Rotavirus Cases
Positive
Negative
Age at Visit
Median (IQR)
<= 3months
3-6 months
6-8 months
>8 months
Hospital Duration
Not Admitted
1 - 5 days
> 5 days
Days of Diarrhea
Median (IQR)
<=3
4-6
>6
Billing Category
ED Only
Hospital Admission
Short Stay
Clinic
Insurance Statusd
None
Private

Rotavirus Vaccine Doses
Complete
Incomplete
N=220 (%)
N=194 (%)

P Value

99 (24.9)
257 (64.6)
42 (10.6)

66 (31.4)
119 (56.7)
25 (11.9)

33 (17.6)
138 (73.4)
17 (9.0)

0.0017

77 (18.7)
335 (81.3)

57 (26.0)
162 (74.0)

20 (10.4)
173 (89.6)

<0.0001

237 (57.2)
177 (42.8)

130 (59.1)
90 (40.9)

107 (55.2)
87 (44.8)

0.419

116 (28.0)
298 (72.0)

37 (16.8)
183 (83.2)

79 (40.7)
115 (59.3)

<0.0001

11.1 (6.3-14.5)
22 (5.3)
74 (17.9)
58 (14.0)
260 (62.8)

8.2 (5.4-12.1)
9 (4.1)
57 (25.9)
38 (17.3)
116 (52.7)

12.1 (7.8-18.0)
13 (6.7)
17 (8.8)
20 (10.3)
144 (74.2)

344 (83.1)
62 (15.0)
8 (1.9)

196 (89.1)
20 (9.1)
4 (1.8)

148 (76.3)
42 (21.6)
4 (2.1)

3.0 (2.0 – 4.0)
246 (59.4)
130 (31.4)
38 (9.2)

3.9 (2.0 – 4.0)
138 (62.7)
62 (28.2)
20 (9.1)

3.0 (2.0 – 5.0)
108 (55.7)
68 (35.1)
18 (9.3)

341 (82.4)
60 (14.5)
9 (2.2)
4 (1.0)

194 (88.2)
21 (9.5)
2 (0.9)
3 (1.4)

147 (75.8)
39 (20.1)
7 (3.6)
1 (0.5)

0.003

47 (11.8)
30 (7.5)

28 (13.0)
18 (8.4)

19 (10.4)
12 (6.6)

0.5329

Total Number
N=414 (%)
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<0.0001
<0.0001

0.002

0.139
0.299

Public
Diarrhea Episode
Median (IQR)
<=3
4-6
>6
DTaP Vaccine
Complete
Incomplete
Breastfede
No
Yes
Household Size
Median (IQR)
<=3
4-6
>6
Attend Daycare
No
Yes
Caretaker Degreef
None
High School/GED
College
Graduate

321 (77.5)

169 (78.6)

152 (83.1)

6.0 (4.0 – 10.0)
60 (14.5)
174 (42.0)
180 (43.5)

6.0 (4.0 – 9.0)
43 (19.5)
85 (38.6)
92 (41.8)

6.0 (4.0 – 10.0)
17 (8.8)
89 (45.9)
88 (45.4)

290 (70.0)
124 (30.0)

199 (90.5)
21 (9.5)

91 (46.9)
103 (53.1)

<0.0001

124 (30.0)
285 (68.8)

60 (27.3)
156 (70.9)

64 (33.0)
129 (66.5)

0.382

3.0 (2.0 – 5.0)
213 (51.4)
161 (38.9)
40 (9.7)

3.0 (2.0 – 5.0)
117 (53.2)
90 (40.9)
13 (5.9)

4.0 (2.0 – 5.0)
96 (49.5)
71 (36.6)
27 (13.9)

278 (67.1)
136 (32.9)

159 (72.3)
61 (27.7)

119 (61.3)
75 (38.7)

100 (24.7)
214 (52.8)
62 (15.3)
29 (7.2)

60 (28.2)
107 (50.2)
31 (14.6)
15 (7.0)

40 (20.8)
107 (55.7)
31 (16.2)
14 (7.3)

a

16 children did not claim a race or race was unknown.
Other category included Asian, Multi-Racial, American Indian/Alaskan Native, and Native Hawaiian/Pacific
Islander
c
2 children did not claim an ethnicity or ethnicity was unknown
d
16 children had unknown insurance status; Public insurance includes children with Medicaid insurance
e
5 children had unknown breastfeeding status
f
9 children's caretakers had unknown caretaker degree status
b
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0.173
0.007

0.465
0.022

0.020

0.399

Table 2. Univariate Analysis of Incomplete RV Vaccination Status
Variables
Race
White
Black
Other
Ethnicity
Non-Hispanic
Hispanic
Insurance Status
Private
Public
None
Caretaker Degree
None
High School/GED
College
Graduate
Daycare
Yes
No
Age at Visit
<= 8 months
> 8 months
Household Size
<=3
4-6
>6
DTaP Vaccine
Complete
Incomplete

Odds Ratio

Incomplete Status
95% CI

p-value

1.00
1.61
1.21

Referent
(1.19-2.18)
(0.77-1.92)

0.0006
0.4175

1.00
0.50

Referent
(0.34-0.74)

<0.0001

1.00
1.18
1.01

Referent
(0.75-1.86)
(0.58-1.77)

0.4402
0.9704

1.00
1.25
1.25
1.21

Referent
(0.95-1.65)
(0.88-1.77)
(0.77-1.89)

0.0980
0.2125
0.4264

1.00
0.78

Referent
(0.64-0.95)

0.020

1.00
1.71

Referent
(1.33-2.20)

<0.0001

1.00
0.98
1.50

Referent
(0.78-1.23)
(1.15-1.94)

0.8516
0.0092

1.00
2.65

Referent
(2.19-3.19)

<0.0001
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Table. 3 Multivariable Analysis of the relationship between Vaccination Status and risk
factors
Risk Factor
Race
White
Black
Other
Ethnicity
Non-Hispanic
Hispanic
Daycare
Yes
No
Age at Visit
<= 8 months
> 8 months
Household Size
<=3
4-6
>6
DTaP Vaccine
Complete
Incomplete

Odds Ratio

Incomplete Status
95% CI

p-value

1.00
1.37
1.11

Referent
(0.77-2.57)
(0.46-2.71)

0.4049
0.9023

1.00
0.45

Referent
(0.19-1.05)

0.0640

1.00
0.83

Referent
(0.50-1.37)

0.4627

1.00
1.99

Referent
(1.22-3.27)

0.0061

1.00
1.10
2.68

Referent
(0.67-1.81)
(1.08-6.69)

0.7135
0.0343

1.00
7.79

Referent
(4.47-13.58)

<0.0001

24

REFERENCES

1.

Centers for Disease Control and Prevention. Prevention of rotavirus gastroenteritis among
infants and children: recommendations of the Advisory Committee on Immunization Practices
(ACIP). MMWR Recomm Rep. 2006;55(RR1-2):1-13.

2.

Fischer TK, Viboud C, Parashar U, et al. Hospitalizations and deaths from diarrhea and rotavirus
among children< 5 years of age in the United States, 1993–2003. Journal of Infectious Diseases.
2007;195(8):1117-1125.

3.

Ma L, El Khoury AC, Itzler RF. The burden of rotavirus hospitalizations among Medicaid and nonMedicaid children younger than 5 years old. Journal Information. 2009;99(S2).

4.

Pont SJ, Grijalva CG, Griffin MR, Scott TA, Cooper WO. National rates of diarrhea-associated
ambulatory visits in children. The Journal of pediatrics. 2009;155(1):56-61.

5.

Daskalaki I, Spain CV, Long SS, Watson B. Implementation of rotavirus immunization in
Philadelphia, Pennsylvania: high levels of vaccine ineligibility and off-label use. Pediatrics.
2008;122(1):e33-e38.

6.

Krishnarajah G, Davis EJ, Fan Y, Standaert BA, Buikema AR. Rotavirus vaccine series completion
and adherence to vaccination schedules among infants in managed care in the United States.
Vaccine. 2012;30(24):3717-3722.

7.

Glanz JM, McClure DL, Magid DJ, et al. Parental refusal of pertussis vaccination is associated
with an increased risk of pertussis infection in children. Pediatrics. 2009;123(6):1446-1451.

8.

Omer SB, Pan WK, Halsey NA, et al. Nonmedical exemptions to school immunization
requirements. JAMA: the journal of the American Medical Association. 2006;296(14):1757-1763.

9.

Bernstein DI. Rotavirus overview. The Pediatric infectious disease journal. 2009;28(3):S50-S53.

25

10.

Bishop R. Discovery of rotavirus: Implications for child health. Journal of gastroenterology and
hepatology. Oct 2009;24 Suppl 3:S81-85.

11.

Parashar UD, Gibson CJ, Bresee JS, Glass RI. Rotavirus and severe childhood diarrhea. Emerg
Infect Dis. Feb 2006;12(2):304-306.

12.

Greenberg HB, Estes MK. Rotaviruses: From Pathogenesis to Vaccination. Gastroenterology.
2009;136(6):1939-1951.

13.

Pitzer VE, Viboud C, Simonsen L, et al. Demographic variability, vaccination, and the
spatiotemporal dynamics of rotavirus epidemics. Science (New York, N.Y.). Jul 17
2009;325(5938):290-294.

14.

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.

15.

Centers for Disease Control and Prevention. Prevention of Rotavirus Gastroenteritis Among
Infants and Children Recommendations of the Advisory Committee on Immunization Practices
(ACIP). MMWR Recomm Rep. 2009;58(RR02):1-25.

16.

Glass RI, Parashar UD, Bresee JS, et al. Rotavirus vaccines: current prospects and future
challenges. The Lancet. 2006;368(9532):323-332.

17.

Tate JE, Burton AH, Boschi-Pinto C, Steele AD, Duque J, Parashar UD. 2008 estimate of
worldwide rotavirus-associated mortality in children younger than 5 years before the
introduction of universal rotavirus vaccination programmes: a systematic review and metaanalysis. The Lancet Infectious Diseases. 2012;12(2):136-141.

18.

Widdowson MA, Meltzer MI, Zhang X, Bresee JS, Parashar UD, Glass RI. Cost-effectiveness and
potential impact of rotavirus vaccination in the United States. Pediatrics. Apr 2007;119(4):684697.

26

19.

Vesikari T, Isolauri E, D'Hondt E, Delem A, Andre FE, Zissis G. Protection of infants against
rotavirus diarrhoea by RIT 4237 attenuated bovine rotavirus strain vaccine. Lancet. May 5
1984;1(8384):977-981.

20.

Cortese MM, Immergluck LC, Held M, et al. Effectiveness of monovalent and pentavalent
rotavirus vaccine. Pediatrics. Jul 2013;132(1):e25-33.

21.

Vesikari T, Matson DO, Dennehy P, et al. Safety and efficacy of a pentavalent human-bovine
(WC3) reassortant rotavirus vaccine. The New England journal of medicine. Jan 5
2006;354(1):23-33.

22.

Ruiz-Palacios GM, Perez-Schael I, Velazquez FR, et al. Safety and efficacy of an attenuated
vaccine against severe rotavirus gastroenteritis. The New England journal of medicine. Jan 5
2006;354(1):11-22.

23.

Willoughby RE. Use of Rotarix temporarily suspended; no health risks seen. AAP News.
2010;31(5):14-14.

24.

O'Ryan M, Lucero Y, Linhares AC. Rotarix®: vaccine performance 6 years postlicensure. Expert
review of vaccines. 2011;10(12):1645-1659.

25.

Castilla J, Beristain X, Martínez-Artola V, et al. Effectiveness of rotavirus vaccines in preventing
cases and hospitalizations due to rotavirus gastroenteritis in Navarre, Spain. Vaccine. 2011.

26.

Lopman BA, Payne DC, Tate JE, Patel MM, Cortese MM, Parashar UD. Post-licensure experience
with rotavirus vaccination in high and middle income countries; 2006 to 2011. Curr Opin Virol.
Aug 2012;2(4):434-442.

27.

Tate JE, Steele AD, Bines JE, Zuber PLF, Parashar UD. Research priorities regarding rotavirus
vaccine and intussusception: A meeting summary. Vaccine. 2012;30:A179-A184.

28.

Cortese MM, LeBlanc J, White KE, et al. Leveraging state immunization information systems to
measure the effectiveness of rotavirus vaccine. Pediatrics. 2011;128(6):e1474-e1481.
27

29.

Wang FT, Mast TC, Glass RJ, Loughlin J, Seeger JD. Effectiveness of the pentavalent rotavirus
vaccine in preventing gastroenteritis in the United States. Pediatrics. 2010;125(2):e208-e213.

30.

Dennehy PH, Vesikari T, Matson DO, et al. Efficacy of the pentavalent rotavirus vaccine,
RotaTeq®(RV5), between doses of a 3-dose series and with less than 3 doses (incomplete
regimen). Human Vaccines. 2011;7(5):563-568.

31.

Jiang V, Jiang B, Tate J, Parashar UD, Patel MM. Performance of rotavirus vaccines in developed
and developing countries. Human Vaccines. 2010;6(7):532-542.

32.

de Palma O, Cruz L, Ramos H, et al. Effectiveness of rotavirus vaccination against childhood
diarrhoea in El Salvador: case-control study. BMJ: British Medical Journal. 2010;340.

33.

Patel MM, Steele D, Gentsch JR, Wecker J, Glass RI, Parashar UD. Real-world impact of rotavirus
vaccination. The Pediatric infectious disease journal. 2011;30(1):S1.

34.

Yen C, Tate JE, Steiner CA, Cortese MM, Patel MM, Parashar UD. Trends in Intussusception
Hospitalizations Among US Infants Before and After Implementation of the Rotavirus
Vaccination Program, 2000–2009. Journal of Infectious Diseases. 2012;206(1):41-48.

35.

Yen C, Steiner CA, Barrett M, et al. Racial disparities in diarrhea-associated hospitalizations
among children in five US States, before and after introduction of rotavirus vaccine. Vaccine.
2010;28(46):7423-7426.

36.

Brandt CD, Kim HW, Rodriguez WJ, et al. Pediatric viral gastroenteritis during eight years of
study. Journal of clinical microbiology. 1983;18(1):71-78.

37.

Dominguez SR, Parrott JS, Lauderdale DS, Daum RS. On-time immunization rates among children
who enter Chicago public schools. Pediatrics. 2004;114(6):e741-e747.

38.

Centers for Disease Control and Prevention: General Recommendations on ImmunizationsRecommendations of the Advisory Committee on Immunization Practices (ACIP)2011.

28

39.

Wang F, Mast TC, Glass R, Loughlin J, Seeger J. Effectiveness of an incomplete RotaTeq (RV5)
vaccination regimen in preventing rotavirus gastroenteritis in the United States. The Pediatric
infectious disease journal. 2013;32(3):278-283.

29

