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Abstract
Objective—To assess the validity of parental report for seasonal and monovalent H1N1
influenza vaccinations among children 6 months-<18 years who were recommended to receive
both vaccines in 2009–2010.

Methods—Children with fever or respiratory symptoms were prospectively enrolled in both
emergency departments in Forsyth County, North Carolina and the only pediatric hospital in the
region. Enrollment occurred from September 1, 2009 through April 12, 2010, during the H1N1
influenza pandemic. A parental questionnaire was administered by trained interviewers to
ascertain the status of seasonal and monovalent H1N1 influenza vaccines. Parental report was
compared to that documented in the medical record and/or the North Carolina immunization
registry.

Results—Among 297 enrolled children 6 months -<18 years of age, 174 (59%) were 6 months-4
years, 67 (23%) were 5–8 years and 56 (19%) were 9-<18 years. Parents reported that 140 (47%)
children had received ≥1 dose of 2009–2010 influenza vaccine-- 128 (43%) for seasonal vaccine
and 63 (21%) for H1N1 vaccine. Confirmed vaccination data indicated that 156 (53%) children
had received ≥1 dose of any 2009–2010 vaccine—120 (40%) for seasonal vaccine and 53 (18%)
for H1N1 vaccine.

Parental report of any seasonal influenza vaccination was 92% sensitive and 86% specific and had
a kappa of 0.76. Parental report for any H1N1 influenza vaccination was 88% sensitive and 92%
specific with a kappa of 0.71.

© 2011 Academic pediatric Association. Published by Elsevier Inc. All rights reserved.
Contact: Katherine A. Poehling, MD, MPH, Department of Pediatrics, Wake Forest School of Medicine, Medical Center Boulevard,
Winston-Salem, NC 27157, kpoehlin@wakehealth.edu, Phone: (336) 716-9640, Fax: (336) 716-7100.
Disclosure: This study was supported in part by the National Institute of Allergy and Infectious Diseases (K23 AI065805 and R01
AI79226) and by the Wachovia Research Fund. The views expressed in this article are solely those of the authors and do not
necessarily represent the official views of the National Institute of Allergy and Infectious Diseases or the U.S. government.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Acad Pediatr. Author manuscript; available in PMC 2013 January 1.

Published in final edited form as:
Acad Pediatr. 2012 January ; 12(1): 36–42. doi:10.1016/j.acap.2011.08.006.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Conclusion—Parental report of 2009–2010 seasonal and monovalent H1N1 influenza
vaccinations was sensitive and specific and had reasonable agreement with the medical record
and/or immunization registry.

What’s New—During the 2009–2010 H1N1 pandemic when seasonal and monovalent H1N1
vaccines were recommended for all children, we found that parental report for both influenza
vaccines among children aged 6 months-<18 years had reasonable sensitivity, specificity and
validity as compared to the medical record and/or immunization registry.

Keywords
influenza vaccine; parental report; child; validity; accuracy; seasonal influenza vaccine;
monovalent H1N1 influenza vaccine

For decades, influenza vaccine was recommended for children with high-risk medical
conditions.1 Since 2002, the Advisory Committee on Immunization Practices has
significantly expanded its influenza vaccine recommendations. During the 2009–2010
influenza season, all children 6 months-18 years of age were recommended to receive both
seasonal and monovalent H1N1 influenza vaccines.2,3

Many logistical issues make administering influenza vaccine to all children ≥6 months of
age complicated. The upper age limit for children needing two doses of influenza vaccine in
2009–2010 differed by one year for seasonal and monovalent H1N1 vaccines. In 2009, all
children <10 years of age were recommended to receive two doses of monovalent H1N1
influenza vaccine one month apart, whereas those ≥10 years were recommended to receive
one dose.4 All children <9 years who had not previously received two doses of seasonal
influenza vaccine in one influenza season were recommended to receive two doses of 2009–
2010 seasonal vaccine one month apart; children ≥9 years and those <9 years who had been
previously fully vaccinated against seasonal influenza were recommended to receive one
dose.2 Many children receive one or more doses of influenza vaccine outside their primary
medical home.5 This occurrence results in fragmented medical records documenting the
administration of influenza vaccines. Accurate assessment of influenza vaccination status is
important for both effective clinical care and pandemic control, as well as for research and
influenza surveillance programs. Parental report of childhood influenza vaccination is often
used for these assessments. Although a few studies have previously assessed the accuracy of
parental report, no studies have been performed during a year when two distinct influenza
vaccines were recommended. Hence, we sought to describe the influenza vaccination status
for both 2009–2010 vaccines and to determine the validity of parental reports for assessing
seasonal and monovalent H1N1 influenza vaccine status among children seen in the
inpatient and emergency department setting.

Methods
Study population

Children with fever and/or respiratory symptoms were prospectively enrolled in either of
two hospital emergency departments in Forsyth County, North Carolina and in the only
pediatric hospital in the region. More than 95% of Forsyth County children who are seen in
either the emergency department setting or are admitted to the hospital are cared for at these
institutions. Clinical symptoms conferring study eligibility included parental report of fever,
cough, nasal congestion, difficulty breathing, earache, sore throat, or wheezing. Children
were eligible for study enrollment if they resided in Forsyth County, NC or one of 7
contiguous NC Counties, and if their parents spoke English or Spanish. Eligible children
were systematically approached for study enrollment during 8 hours of surveillance each
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day shift for 4–5 days per week. Systematic enrollment entailed consecutively approaching
families of eligible children in the order in which they checked into the emergency
department. Enrollment occurred from September 1, 2009 through April 12, 2010, during
the H1N1 influenza pandemic.

Approval
This study was reviewed and approved by the Wake Forest School of Medicine institutional
review board. The Wake Forest School of Medicine institutional review board had an
authorization agreement with the Forsyth Medical Center institutional review board.

Parental report
After written informed consent from the parent/guardian and child assent when appropriate,
trained interviewers administered a parental questionnaire to ascertain the status of the
2009–2010 seasonal and monovalent H1N1 influenza vaccinations, demographic
information, and past medical history. High-risk medical conditions included all medical
conditions with a specific 2009–2010 influenza vaccine indication (e.g. congenital heart
disease).2

Vaccination confirmation
Parents signed a release of medical records to allow confirmation of influenza vaccinations.
We faxed a request to the medical home practice of enrolled children to confirm the 2009–
2010 influenza vaccination status. We also confirmed the influenza vaccination status in the
North Carolina Immunization Registry. Schools and other locations were contacted if the
vaccination was reported to be given at that location and the vaccination could not be
otherwise confirmed by the medical home practice and/or the North Carolina Immunization
Registry. The North Carolina Immunization Registry is an adaptation of the Wisconsin
Immunization Registry used by all of North Carolina’s local health departments and >600
providers of pediatric vaccines as of 2010.6 All health departments and most pediatric and
family practice offices in this region of North Carolina report their vaccinations in the North
Carolina immunization registry. Classification of Confirmed Influenza Vaccination Status

Parental report of influenza vaccination status was considered to be “confirmed” or “valid”
if review of medical records from medical home practice, health department, North Carolina
immunization registry or other site providing vaccination (e.g. school) reported a 2009–2010
influenza vaccination. The current and past influenza vaccination status was used to classify
each child as unvaccinated, partially vaccinated, or fully vaccinated, and this was done using
vaccination status data that had been confirmed by medical record review.

For both seasonal and monovalent H1N1 pandemic influenza vaccine, children were
considered unvaccinated if they did not have any documented doses of influenza vaccine in
2009–2010.

For seasonal influenza vaccine, children <9 years were considered partially vaccinated if
they received one dose of this 2009–2010 vaccine and had not received seasonal vaccine in
the past. Children were considered fully vaccinated if they met any of the following
conditions. They were <9 years of age and received two doses in 2009–2010 at least 24 days
apart; they were <9 years of age, received one dose in 2009–2010 and received at least one
dose of vaccine in a previous season; or they were 9–17 years of age and received one dose
in 2009–2010.

For monovalent H1N1 vaccine, children were considered partially vaccinated if they were
<10 years of age and received one of two recommended doses. Children were considered
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fully vaccinated if they were <10 years of age and received two doses of monovalent H1N1
vaccine at least 24 days apart or if they were 10–17 years and received one dose of
monovalent H1N1 vaccine.

Additional details of the 2009–2010 season
During the 2009–2010 influenza season in North Carolina, influenza vaccine was provided
for free to physician offices and the health department.7,8 Physician offices could charge
administration fees, and the health department did not. Pharmacies in North Carolina were
given temporary authority to administer seasonal and monovalent H1N1 influenza vaccine
to children ≥14 years of age from October 9, 2009 through July 31, 2010.9

Analysis
Tests of association between vaccination status (none/partial/full) and demographic
variables were performed using Fisher’s exact tests. The primary outcome was the
comparison of the parental report of seasonal and monovalent H1N1 influenza vaccines to
that reported in the medical record and/or the North Carolina immunization registry. For
each vaccine, we computed the sensitivity, specificity, positive predictive value, and
negative predictive value of parental report as well as the kappa statistic as compared to the
confirmed vaccination status. McNemar’s test was used to compare the proportion of
children who received at least one dose of the monovalent H1N1 vaccine to the proportion
who received at least one dose of the seasonal influenza vaccine at the time of enrollment,
and at the end of the influenza season using a second test. In secondary analyses, we sought
to determine if any demographic variables predicted agreement between the parental report
and the confirmed influenza vaccination status using Fisher’s exact tests. Statistical analysis
was performed using Stata, version 8.1, and/or SAS statistical software, version 9.2.

Results
A total of 350 children 6 months-<18 years of age were invited to participate in this study,
and 303 (87%) were enrolled (Figure 1). Three children were enrolled twice, but only the
first enrollment was included in this analysis. We also excluded three children for whom
influenza vaccination status could not be confirmed: two parents reported that their children
had not received any influenza vaccines and one parent reported that the child had received
both influenza vaccines. The resulting study population of 297 children consists of study
subjects for whom influenza vaccinations could be confirmed by medical record review.

The majority of study children (59%) were 6 months-4 years of age, 23% were 5–8, 3%
were 9 years of age, and 16% were 10-<18 years of age (Tables 1 and 2). Almost half the
children were female, and 54% were black, 26% were white and 20% were Hispanic. Most
children (69%) were enrolled between November and February and had public insurance
(82%).

For the 297 study children, we received influenza vaccination status information from
medical home practices for 268 (90%) children, obtained registry data for 290 (98%)
children, and obtained information from both sources for 261 (88%) children. The majority
of children were followed in pediatric practices (76%), 18% in family practices, and 6% at a
health department.

Of 297 families interviewed, 140 (47%) reported that their child was vaccinated--128 (43%)
for seasonal vaccine and 63 (21%) for monovalent H1N1 vaccine. A total of 8 and 11
parents respectively reported that the status of the monovalent H1N1 vaccine and seasonal
influenza vaccine for their child was uncertain at the time of interview. One parent of a
teenager reported that their child received seasonal influenza vaccine at a pharmacy, which
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we were unable to confirm. Five parents reported that their child received one or both
influenza vaccines at school, all of which were confirmed by the practice and/or the registry.

According to the medical record and the North Carolina Immunization Registry, 156
children (53%) had received at least one dose of either influenza vaccine by April 2010--120
(40%) for seasonal vaccine and 53 (18%) for monovalent H1N1 vaccine. As shown in
Tables 1 and 2, more children had received seasonal influenza vaccine than H1N1 influenza
vaccine both at the time of enrollment (40% versus 18%, p<0.001) and by the end of April
2010 (46% versus 28%, p<0.001). Younger children were more likely to be vaccinated with
either vaccine than older children. More Hispanic children received at least one dose of
either vaccine than black or white children, but this difference was statistically significant
only for monovalent H1N1 vaccine. The proportion of children who had received either
vaccine at enrollment steadily increased from September–October 2009 through March–
April 2010, but this difference was statistically significant only for monovalent H1N1
vaccine. More children enrolled in the inpatient setting had received seasonal influenza
vaccine than those enrolled in the emergency department.

Many children 6 months-<9 years of age for seasonal vaccine and 6 months -<10 for
monovalent H1N1 vaccine who received at least one dose of either vaccine did not meet
criteria for complete vaccination. The overall proportion of children <9 years of age with
confirmed seasonal influenza vaccinations who were fully vaccinated was 44% (47/107) at
enrollment and 52% (62/119) by April 2010. Of previously unvaccinated children <9 years
who received 2009–2010 seasonal influenza vaccine, the proportion of children who
received both doses of vaccine were 25% (18/72) at enrollment and 33% (26/79) by April.
Similarly, the proportions of fully vaccinated children <10 years of age among those who
received any monovalent H1N1 vaccine and were recommended to receive two doses were
31% (16/51) at enrollment and 45% (34/76) by April.

For seasonal and monovalent H1N1 influenza vaccines, there were 286 and 289 study
children, respectively, for whom immunization data was available from both parental report
and medical record confirmation. Parents of 128 children reported that their child had
received the 2009–2010 seasonal influenza vaccine, and 104 (81%) of these children had
that vaccination confirmed by medical record review. For an additional 9 (3%) of 286 study
children, parents reported that the child had not received the seasonal influenza vaccine, but
that was contradicted by medical record review. Parents of 63 children reported that their
child had received monovalent H1N1 vaccine, and 43 (68%) of these children had that
vaccination confirmed by medical record review. For an additional 6 (2%) of these 289
study children, parents reported that the child had not received the monovalent H1N1
vaccine, but that was contradicted by medical record review. The sensitivity, specificity,
positive predictive value, negative predictive value, and kappa statistic were similar for
parental report of any seasonal influenza vaccination and of any monovalent H1N1
influenza vaccine (Table 3).

Secondary analysis revealed that for both vaccines, the results were similar across age
groups and for children with and without high-risk medical conditions with overlapping
95% confidence intervals (data not shown). Evaluation of demographic variables as
predictors of agreement between parental report and confirmed influenza vaccination status
yielded no predictors (all p>0.05).

Discussion
This study demonstrates that parental report for any seasonal influenza vaccine and for any
monovalent H1N1 vaccine was sensitive and specific and demonstrated agreement with
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medical records maintained at a child’s medical home and the North Carolina Immunization
Registry. Confirming vaccination status by medical record review is more accurate.
However, this study suggests that parental report is quite accurate even in a year with two
recommended influenza vaccines.

Our results are comparable to two pediatric studies performed since universal influenza
vaccination has been recommended for young children.10,11 A study of a predominantly
rural Midwestern population of children 6–59 months from 2006 through 2008 reported
overlapping 95% CI for the sensitivity and specificity of parental report and had a computed
Kappa of 0.84.11 Our previous cross-sectional study of children 6–59 months of age during
the 2004–2005 influenza season reported 95% confidence intervals for the sensitivity,
specificity and kappa statistic of parental report in 2004–2005. We found that the statistical
results for both 2009–2010 influenza vaccines overlap with these earlier findings.10

Two pediatric studies report overlapping estimates for the sensitivity of parental report for
influenza vaccine, but lower estimates of the specificity and kappa statistic of parental
vaccination report. These studies were performed in urban, low-income children before
universal influenza vaccine was recommended for all children 6–23 months of age. Their
final data analyses was based on approximately one-quarter of the targeted study population
because of a low response rate and limited availability of medical records.12,13

Overall, we found that 47% of children 6 months-<18 years had received at least one dose of
either influenza vaccine in 2009–2010, and 43% of children had received at least one dose
of seasonal influenza vaccine. This result is slightly lower than the national estimate that
reported 55% of children 6 months-<18 years had received at least one dose of either
influenza vaccine and 44% of children had received at least one dose of seasonal influenza
vaccine.14

We also found that more children in each age group received seasonal than monovalent
H1N1 influenza vaccine in 2009–2010, and the proportion vaccinated increased from
September–October through March–April. Given that the 2009–2010 influenza season in the
United States was almost exclusively H1N1 influenza, these results highlighted the need to
enhance vaccine coverage for all recommended influenza vaccines each year. For children
who had received at least one dose of either seasonal or monovalent H1N1 influenza vaccine
and were recommended to receive two doses, partial vaccination was common. This
observation is clinically important because partial vaccination with seasonal and monovalent
H1N1 influenza provides inadequate protection against influenza disease.15,16 Providing
complete influenza vaccination coverage for all children within a practice is logistically
challenging.17 Strategies that have been reported to be effective in children include recall-
reminders, year-round scheduling for influenza vaccine visits, scheduling practice visits for
October through January and influenza vaccination clinics in the evening or over the
weekend.18–22

This study has several limitations. There could be systematic differences between enrolled
and non-enrolled children. Children were systematically enrolled during day shifts in the
emergency departments and the children’s hospital in one urban county in North Carolina in
2009–2010. Even though the demographic characteristics of children seen in the emergency
department are similar across shifts, the vaccination coverage could have varied. Hence, the
generalizability of the results to children in other settings, years and other regions is not
known. Nonetheless these results are internally consistent with our previous study
performed in an outpatient clinic five years ago, and overall vaccine coverage is consistent
with a national estimate.10,14 It is possible that we failed to confirm influenza vaccines for
children that were vaccinated at a location such as school, hospital or urgent care clinic if

Poehling et al. Page 6

Acad Pediatr. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



they did not report that location to us and that vaccination was not reported to their
physician or the North Carolina Immunization Registry. If we failed to confirm vaccines that
were reported and received, then we would have underestimated the accuracy of parental
report.

In conclusion, parental report of both pediatric seasonal and monovalent H1N1 influenza
vaccines in 2009–2010 was sensitive and specific and a reasonably accurate information
source when medical record review of influenza vaccination status is impractical. Only 47%
of children received any influenza vaccine by April 2010 and many vaccinated children who
were recommended to receive two doses of that vaccine were only partially vaccinated. This
finding highlights the need to improve influenza vaccine coverage in children.
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Figure 1.
Study Population
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