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Abstract

Background.—Parent-reported influenza vaccination history may be valuable clinically and in 

influenza vaccine effectiveness (VE) studies. Few studies have assessed the validity of parental 

report among hospitalized children.

Methods.—Parents of 2597 hospitalized children 6 months–17 years old were interviewed from 

November 1, 2015 to June 30, 2016, regarding their child’s sociodemographic and influenza 

vaccination history. Parent-reported 2015–2016 influenza vaccination history was compared with 

documented vaccination records (considered the gold standard for analysis) obtained from medical 

records, immunization information systems, and providers. Multivariable logistic regression 

analyses were conducted to determine potential factors associated with discordance between the 

2 sources of vaccination history. Using a test-negative design, we estimated VE using vaccination 

history obtained through parental report and documented records.

Results.—According to parental report, 1718 (66%) children received the 2015–2016 influenza 

vaccine, and of those, 1432 (83%) had documentation of vaccine receipt. Percent agreement was 

87%, with a sensitivity of 96% (95% confidence interval [CI], 95%–97%) and a specificity of 74% 

(95% CI, 72%–77%). In the multivariable logistic regression, study site and child’s age 5–8 years 

were significant predictors of discordance. Adjusted VE among children who received ≥1 dose of 

the 2015–2016 influenza vaccine per parental report was 61% (95% CI, 43%–74%), whereas VE 

using documented records was 55% (95% CI, 33%–69%).

Conclusions.—Parental report of influenza vaccination was sensitive but not as specific 

compared with documented records. However, VE against influenza-associated hospitalizations 

using either source of vaccination history did not differ substantially. Parental report is valuable for 

timely influenza VE studies.
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Influenza is a common cause of acute respiratory infection in children in the United 

States (US) and worldwide [1–4]. To prevent and mitigate the disease with its associated 

complications, since 2008 the US Advisory Committee on Immunization Practices has 

recommended routine annual influenza vaccination for all persons aged ≥6 months [5–7].

While vaccines are currently the best tool for preventing influenza disease, the effectiveness 

of influenza vaccines varies depending on factors such as virus drift, vaccine match, 
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and vaccine product, as well as the recipient’s age and underlying medical conditions 

[8–11]. Observational vaccine effectiveness (VE) studies are crucial for monitoring vaccine 

performance and identifying strategies to improve the benefits of vaccination. Case-control 

or test-negative designs are common approaches to estimating influenza VE. These methods 

infer vaccine protection based on a difference in antecedent vaccination among influenza-

positive compared with influenza-negative patients. Thus, high-quality, valid vaccination 

data are key for accurate estimation of VE through observational studies.

Sources of influenza vaccination history in observational studies include parental or self-

report and documented report from medical records or immunization information systems 

(IISs) [12–15]. Several challenges pertaining to influenza vaccination complicate obtaining 

timely and accurate vaccination history for VE studies. IISs can be useful sources of 

obtaining vaccination history but may not capture vaccination history from all provider 

sources and may not be updated in a timely fashion [16]. Unlike other routine childhood 

immunizations, children may receive influenza vaccines in nontraditional settings such as 

retail pharmacies or schools. Parental report of vaccination history is easily accessible but 

can be subject to recall bias and misclassification [12, 17–20]. While some outpatient studies 

have assessed the validity of parental report of influenza vaccination [19, 21–24], there is 

still a gap in the literature on vaccine validation in the inpatient setting, as well as the 

inability to generalize findings to other populations.

In this study, we evaluated methods of identifying influenza vaccination status among 

children aged 6 months–17 years hospitalized for acute respiratory illnesses or fever. Our 

primary objective was to compare parental report of 2015–2016 influenza vaccination 

with documented records. Our secondary objective was to identify potential predictors of 

discordance in vaccine history between parental report and documented records. Finally, the 

third objective was to assess how current influenza season vaccination history obtained by 

parental report compared with documented record affected VE estimates.

METHODS

Study Design

We included children enrolled in the New Vaccine Surveillance Network (NVSN) from 

November 1, 2015 to June 30, 2016. Details of this Centers for Disease Control and 

Prevention–funded, multisite collaborative network have previously been published [25]. In 

brief, after obtaining informed consent and assent in accordance with state law, children 

6 months–17 years of age were eligible for study enrollment if they were admitted to the 

hospital within 48 hours prior to enrollment with acute respiratory illness and/or fever for a 

duration <14 days at study sites in Nashville, Tennessee; Rochester, New York; Cincinnati, 

Ohio; Seattle, Washington; Houston, Texas; Kansas City, Missouri; and Oakland, California 

[25]. Institutional review boards at the 7 participating hospitals and the Centers for Disease 

Control and Prevention reviewed and approved this study.
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Data and Sample Collection

For enrolled children, demographic information, symptoms, medical history, and influenza 

vaccination history including location of vaccine administration were collected through 

parent/ guardian interview (hereafter referred as “parental report”). Parents were asked 

about their child’s influenza vaccination status for the 2015–2016 influenza season: “Has 

your child received this year’s influenza (flu) vaccine (since July 1, 2015)?” Parents 

who answered “Yes” were then asked to specify the number of doses received, route of 

administration, and timing of the most recent dose. For timing, parents were asked: “Was the 

vaccine given 14 days or more before your child’s illness began?” Parents unable to answer 

were asked to provide the date their child received the most recent dose. Parents of children 

aged 6 months through 8 years were also asked to provide the number of influenza vaccine 

doses received in past seasons.

Additional clinical information including underlying medical conditions and hospital course 

were obtained from standardized medical chart review. Review of vaccine records was 

performed for all enrolled children irrespective of parental report, and the process for 

obtaining documented immunization records varied by site. Documented records were 

obtained from medical records, IIS, primary care providers, other medical providers 

(eg, specialty care), public health clinics, and nontraditional providers (eg, pharmacy, 

supermarket) as applicable. Informed consent included approval to obtain vaccination 

history by contacting providers or other locations provided by parents as to where vaccine 

was received. For specimen collection, midturbinate nasal and throat swabs or tracheal 

aspirates were collected and tested for the influenza virus using molecular assays [25].

Influenza Vaccination Status

We ascertained influenza vaccination status for the 2015–2016 season by determining 

receipt of influenza vaccine prior to enrollment by either parental report or documented 

records. For the validation analysis, children were considered vaccinated per parental report 

if parents stated their child had received the 2015–2016 influenza vaccine and unvaccinated 

if parents indicated their child did not receive the vaccine. Children were excluded if parents 

did not know or refused to provide their child’s vaccination status for the current influenza 

season. Children were classified as vaccinated per documented records if immunization 

records indicated ≥1 dose of the 2015–2016 influenza vaccine administered from August 1, 

2015 to June 30, 2016. If study staff were not able to verify the child immunization records 

(eg, study staff never received the immunization record from a provider after a minimum of 

3 inquiries and/or were not able to find the child’s immunization records in the state IIS), or 

documented records indicated receipt of the first vaccine dose on the same day of the parent 

interview, the child was excluded from the study.

Data Analysis

We compared differences in sociodemographic characteristics between vaccinated and 

unvaccinated children (by parental report and documented records, separately) using 

χ2 tests. To assess the validity of influenza vaccination status from parental report 

to documented records, we estimated percentage agreement, sensitivity, specificity and 

Cohen’s κ coefficient [19, 23]. We considered documented records as the gold standard 
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based on the extensive efforts placed to verify immunization records in this study. 

Percentage agreement was defined as the percentage of children whose parents accurately 

recalled the vaccination status of their children. Sensitivity was defined as the percentage 

of children whose parents reported receipt of influenza vaccination among those who 

had documentation of vaccine receipt. Specificity was defined as the percentage of 

children whose parents reported no receipt of influenza vaccination among those who 

had no documentation of influenza vaccine receipt in their immunization records. Cohen’s 

κ coefficient was computed to measure the agreement between parental report and 

documented records beyond that expected by chance. A κ coefficient of ≤0 as indicating 

no agreement, 0.01–0.20 indicates poor to slight agreement, 0.21–0.40 fair agreement, 0.41–

0.60 moderate agreement, 0.61–0.80 substantial agreement, and 0.81–1.00 indicates almost 

perfect agreement [26, 27]. These validity measures were further stratified by influenza test 

results and were also assessed for timing of vaccination relative to illness onset.

As a second objective, we evaluated possible predictors associated with discordance between 

parental report and documented vaccination records. We first created a binary discordant 

response variable to identify children who had parental report of vaccination status 

agreeing with immunization records (concordant) and those who had disagreement in their 

vaccination status (discordant). We then fitted logistic regression models for the discordant 

response variable on each of the independent variables. Predictors thought to potentially 

affect discordance in vaccination history were evaluated [24, 28–30]. The factors included 

age, study site, site-specific influenza season enrollment (time period of the first and last 

influenza positive case at each site), sex, race/ethnicity, health insurance status (public/

self-pay/unknown and private/both), underlying medical conditions (0 or ≥1), interviewee 

relationship to child, mother’s education, mother’s age, and household size. Covariates with 

P ≤ .20 from the univariate analysis were entered into a multivariable logistic regression 

model.

Finally, we assessed whether influenza VE estimates differed by the source of vaccination 

history. Feldstein et al [25] previously evaluated influenza VE in this population of children 

enrolled in NVSN during the same 2015–2016 study season using documented records of 

vaccination history. We repeated this analysis to compare VE estimates by documented 

records vs parental report. In brief, we used a test-negative design [25] to estimate VE 

against laboratory-confirmed influenza in children 6 months–17 years old, enrolled during 

each site-specific influenza season, and who had an illness duration of ≤10 days prior 

to enrollment. For this current VE analysis, children were considered vaccinated if they 

had received ≥1 dose of the 2015–2016 influenza vaccine ≥14 days before illness onset. 

Logistic regression models were used to calculate odd ratios (ORs) to compare the odds of 

vaccination among cases (subjects who tested positive for the influenza virus) and controls 

(subjects who tested negative for influenza); VE was estimated as 100% × (1 − OR). 

Age, study site, calendar time (enrollment month), race/ethnicity, days from illness onset 

to enrollment (0–2, 3–4, 5–7, and 8–10 days), and health insurance status (public/self-pay/

unknown and private/both) were included a priori in the multivariate model for consistency 

with Feldstein et al [25]. All data analyses were performed using SAS version 9.4 software.
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RESULTS

Demographics

We enrolled 2866 hospitalized children aged 6 months–17 years from November 1, 2015 

to June 30, 2016, and of those we excluded 269 (9%) children who did not meet eligibility 

criteria for the validity analysis (Figure 1). Among the remaining 2597 children, 42% were 

6–23 months old, 58% were male, 33% were white non-Hispanic/non-Latino, and 36% had 

private or both private and public insurance (Table 1). More than half (61%) of the children 

had one or more underlying medical conditions and 15% were admitted to an intensive care 

unit. Of the care-givers who completed the parent interview, 86% were mothers and most 

(83%) had an education level of high school or higher.

Vaccination Receipt—Comparing Parental Report and Documented Records

Among all enrolled children (n = 2597), 66% were vaccinated based on parental report 

compared with 57% by documented records (Table 1). Of the 1718 children with parental 

report of vaccination, 1432 (83%) had documentation. Among the 879 children unvaccinated 

by parental report, 53 (6%) had documentation of vaccine receipt (Table 2). Of the sources 

used for verification of receipt or no receipt of vaccine, the IIS and/or providers were 

accessed or contacted for 98% of the children. Among 2213 children for whom providers 

were contacted, 86% of the providers were primary care providers, 5% were public health 

clinics, 8% were other medical providers (eg, specialty care or hospital), and <1% were 

nontraditional providers (eg, pharmacy).

The proportion of children vaccinated according to either parental report or documented 

report varied by site, age, race/ethnicity, health insurance status, underlying medical 

conditions, mother’s education, mother’s age, and household size (Table 1). In all 7 sites, 

parental report indicated higher vaccination than did documented records. The percentage 

agreement between parental report and documented records on the child’s influenza 

vaccination status for the 2015–2016 season, and timing of vaccination to illness onset 

was 87%, and 94%, respectively (Table 2). The overall sensitivity of parental report was 

96% (95% confidence interval [CI], 95%–97%) and overall specificity was 74% (95% CI, 

72%–77%). The agreement between parental report of child influenza vaccination status 

and documented records was substantial (κ = 0.73 [95% CI, .70–.75]). The specificity of 

parental report was lower for children who tested negative for influenza compared with 

children who tested positive (73% and 87%, respectively).

Predictors of Discordance

In unadjusted analyses, study site, influenza season enrollment status, age, sex, race/

ethnicity, health insurance status, mother’s age, and mother’s education were associated with 

discordance in children’s influenza vaccination status between parental and documented 

records, with P values ≤ .20 (Table 3). In the adjusted analysis, child’s age 5–8 years, and 

enrollment at sites other than Seattle, Rochester, or Cincinnati had significantly higher odds 

of discordance (P < .05).
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Vaccine Effectiveness Using Parent-Reported Vaccination History

A total of 1436 children were eligible for the VE analysis, and of those, 124 (9%) tested 

positive for influenza (Figure 1 and Supplementary Table 1). Influenza-positive cases 

differed from controls by race/ethnicity, health insurance status, duration of illness prior 

to enrollment, and vaccination status. Among the influenza-positive cases, 53 (43%) were 

vaccinated per parental report compared to 49 (40%), according to documented records 

(Table 4). After adjusting for age, calendar time, study site, health insurance status, race/

ethnicity, days from illness onset to enrollment, and underlying medical conditions, VE 

against influenza A or B was 61% (95% CI, 43%–74%) using parental report, and 55% 

(95% CI, 33%–69%) using documented records (Table 4).

DISCUSSION

Parental report of influenza vaccination is readily available and offers a resource-efficient 

method for assessing influenza VE in observational studies. We demonstrated that in a 

single influenza season, parental report was reliable and concordant with vaccination status 

from documented records in hospitalized children with acute respiratory illness at 7 US 

pediatric hospitals. When using documented records as the gold standard, parents in our 

study were able to recall their child being vaccinated during the current influenza season 

with high sensitivity (96%) and recall their child not receiving the vaccine with moderate 

specificity (74%). These findings were similar to previous studies that evaluated the validity 

of parental report for influenza vaccination [19, 24, 31] as well as other routine childhood 

immunizations [28]. Our study also shows high percentage agreement and substantial 

reliability when parents were asked about the timing of vaccination relative to illness onset.

Study site and age were associated with discordance in vaccination history reported by 

parents. Parents of children enrolled in Houston, Kansas City, Nashville, and Oakland 

had increased odds of discordant parental vaccination report compared with documented 

records. A prior study has demonstrated that the Washington State IIS is highly complete 

and accurate for receipt and dates of vaccination, although this alone does not provide an 

explanation for concordance with parental history [32]. It may also be that differences 

in parental education, socioeconomic status, or other unmeasured factors contribute to 

differences in concordance by site. Parents of children ≥2 years of age were more likely 

to be discordant in reporting their child’s vaccination status for the current influenza 

season, especially children aged 5–8 years. This result indicates that despite the numerous 

recommended childhood routine immunizations for children <15 months of age [33], 

parents of younger children are able to provide accurate influenza vaccination history, 

which contrasts with the findings of Nowalk et al [34]. It is possible that parents answer 

affirmatively to vaccination because of their assumption that pediatricians are following 

vaccination recommendations, thus resulting in high sensitivity and lower specificity, 

especially in communities with higher vaccination rates. In addition, there are other factors 

that could explain discordance in parental report such as misclassification of vaccines, social 

desirability, and interviewer biases.

Despite specificity of 74%, the percentage of children vaccinated among influenza cases 

and influenza controls were moderately similar when using parental report or documented 
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record for vaccination history (κ = 0.73 [95% CI, .70–.75]). Our VE estimates using parental 

report (61%) and documented records (55%) as the source of vaccination yielded relatively 

similar results. In a study by Ferdinands et al [35], which assessed VE against any influenza 

virus among hospitalized adults ≥18 years of age using different definitions of vaccine 

status, VE was much lower when using documented records (34%) compared to self-report 

(52%). Validity of vaccination status using documented records or self-report may differ 

between adults and children. Older adults tend to have more underlying medical conditions, 

and vaccination can be administered in more nontraditional settings (eg, pharmacies, 

workplace, nursing homes, churches) compared with children, thus complicating vaccination 

ascertainment.

These data should be interpreted in the context of strengths and limitations. Our study 

fills a gap in recent literature on the validity of obtaining influenza vaccination history 

through parental report among hospitalized children. Our study also encompasses a diverse 

population in 7 hospitals across the US. Limitations to this study include unmeasured site 

variability in the vaccine verification process, as some sites relied on various sources (eg, 

IIS, traditional or nontraditional providers, and medical records) especially if one source was 

incomplete or no vaccination records were found, whereas others more routinely acquired 

vaccination records from the state IIS or providers alone. Thus, we were unable to evaluate 

the relationship between documentation source and discordance, especially when multiple 

sources were used. Furthermore, depending on access to provider and registry procedures, 

the yield of the documented verification may vary. For example, sites may have extended 

beyond the minimum number of attempts to obtain immunization records. The completeness 

and accuracy of each sites’ IIS or provider records may also vary. Documentation from 

other nontraditional providers may have been incomplete. Additionally, validity of our 

findings may not be applicable to outpatients because recall of vaccination may be different 

during illness requiring hospitalization. Our results for hospitalized children thus may not be 

generalizable to other communities or outpatient settings.

In conclusion, our study demonstrated that parental report, which is easily accessible, was a 

fairly reliable source for influenza vaccination status among this population of hospitalized 

children during the 2015–2016 influenza season. We documented that under certain 

circumstances, parental report can be a reasonably valid source of exposure ascertainment in 

VE studies of hospitalized children and in clinical settings. Studies from additional seasons 

and sites are needed to confirm the validity of parental report for observational studies of 

influenza vaccine effectiveness.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Study enrollment for the validation analysis and vaccine effectiveness (VE) analysis, and 

influenza case status—New Vaccine Surveillance Network, 2015–2016.
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