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Background: Influenza vaccination rates are decreasing in the United States. Disinformation surrounding
COVID-related public health protections and SARS-CoV-2 vaccine roll-out may have unintended conse-
quences impacting pediatric influenza vaccination. We assessed influenza vaccination rates before and
during the COVID-19 pandemic in one pediatric primary care center, serving a minoritized population.
Methods: A cross-sectional study assessed influenza vaccination rates for children aged 6 months to
12 years over the following influenza seasons (September-May): 1) 2018–19 and 2019–20 (pre-
pandemic), and 2) 2020–21 and 2021–22 (intra-pandemic). Demographics and responses to social risk
questionnaires were extracted from electronic health records. Total tetanus vaccinations across influenza
seasons served as approximations of general vaccination rates. Generalized linear regression models with
robust standard errors evaluated differences in demographics, social risks, and influenza vaccination
rates by season. Multivariable logistic regression with robust standard errors evaluated associations
between influenza season, demographics, social risks, and influenza vaccination.
Results: Most patients were young (mean age � 6 years), non-Hispanic Black (�80%), and publicly
insured (�90%). Forty-two percent of patients eligible to receive the influenza vaccine who were seen
in 2019–20 influenza season received the influenza vaccine, compared to 30% in 2021–22. Influenza
and tetanus vaccination rates decreased during the COVID-19 pandemic (p < 0.01). The 2020–21 and
2021–22 influenza seasons, older age, Black race, and self-pay were associated with decreased influenza
vaccine administration (p < 0.05).
Conclusions: Influenza vaccination rates within one pediatric primary care center decreased during the
COVID-19 pandemic and have not rebounded, particularly for older children, those identifying as
Black, and those without insurance.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

Influenza is associated with significant morbidity and mortality
among children, placing infected individuals at risk for pneumonia,
dehydration, sinusitis, otitis media, and even death. For every 100
influenza-positive children, there are an annual average of 6–15
outpatient visits and 3–9 antibiotic courses for concomitant bacte-
rial illnesses, as reported over a 19-year study period. [1] Hospital-
izations for influenza infection among children < 5 years old in the
United States vary depending on the influenza season, ranging
from 7,000 to 26,000 between the 2010–11 and 2019–20 influenza
seasons. [2] Although rare, children still die from influenza in the
United States. Between 2010 and 2016, 675 influenza-related pedi-
atric deaths occurred, with 69% of those children eligible, but not
vaccinated against influenza. [3] Indeed, influenza vaccination is
an important, effective preventative intervention that reduces
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https://doi.org/10.1016/j.vaccine.2022.09.016
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morbidity and mortality. Influenza vaccination prevents influenza-
related clinic visits, hospitalizations, and death in the pediatric
population.

Despite this, influenza vaccine hesitancy is more prominent
than hesitancy for other pediatric vaccines. In 2019, approximately
25% of parents were hesitant about the influenza vaccine compared
to 7% hesitancy for other childhood vaccinations, with the main
concerns related to side effects and efficacy. [4] Over time, influ-
enza vaccination uptake has varied, with older children and ado-
lescents having lower rates of vaccine coverage than younger
children. [5] This highlights the need to address vaccine hesitancy
and declining influenza vaccination rates and reiterate the impor-
tance of, and benefits from, influenza vaccination for children.

During the COVID-19 pandemic, when availability of healthcare
supplies and personnel was limited, the importance of influenza
vaccination was highlighted as one strategy to reduce overall
healthcare utilization. [6] Anxiety about potential illness has previ-
ously been described as a possible motivating factor to receive
influenza vaccination. For instance, influenza vaccination rates
were higher in 2018–2019, the year after a deadlier than average
influenza season. [6] However, the COVID-19 pandemic has not
led to more positive attitudes toward the influenza vaccine

rather, the pandemic intensified pre-existing preferences and
concerns regarding influenza vaccination. [7] Decreasing vaccina-
tion rates may have been exacerbated by reduced pediatric pri-
mary care visits in 2020 compared to 2018, with visits 17% to
60% lower depending on the month. [8] A recent study showed that
decreased routine immunization rates have followed this decrease
in pediatric primary care visits

however, this study did not assess rates of influenza vaccine
administration. [8] In addition, some assert that the controversy,
misinformation, disinformation, and politicization of the novel
SARS-CoV-2 virus and the COVID-19 vaccine may raise concerns
surrounding vaccines in general. [9] These incomplete and conflict-
ing data leave experts questioning the impact of the COVID-19
pandemic on pediatric influenza vaccination rates.

Thus, we pursued a study in a large, urban, academic pediatric
primary care center (PPCC) that serves a primarily low-income,
predominantly non-Hispanic Black population with significant
medical, social, and economic disparities to better understand
the impact of the COVID-19 pandemic on our population’s receipt
of influenza vaccines. Our primary aim was to assess influenza vac-
cination rates before and during the COVID-19 pandemic.
2. Methods

2.1. Study design

We performed a cross-sectional study to investigate influenza
vaccination rates in our PPCC during influenza seasons before
(2018–19 and 2019–20) and during (2020–21 and 2021–22) the
COVID-19 pandemic.
2.2. Study population

All patients at the PPCC ages 6 months up to 12 years were
included in the data analysis. The PPCC serves a population of
approximately 17,000 patients with the following demographic
characteristics

80% Black, 15% white, 85% with public insurance, 5% self-pay
(no insurance), and 10% with private insurance.
Patients<6 months of age were excluded since they are not yet eli-
gible to receive the influenza vaccine. Patients older than 12 years
of age were excluded as there are fewer adolescent patients who
seek care in our primary care center
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many transition to our hospital’s teen health center.

2.3. Primary outcome

Influenza vaccination rates in the PPCC over the following four
influenza seasons (September-May) were calculated

1) 2018–2019 and 2019–2020 (influenza seasons prior to the
COVID-19 pandemic), and 2) 2020–2021 and 2021–2022 (in-
fluenza seasons during the COVID-19 pandemic). Tetanus vaccina-
tions administered during each influenza season were used as a
proxy for general vaccination rates, as clinic visit volumes varied
due to COVID-related restrictions. Data were accessed using the
electronic health record (EHR). Influenza vaccination percentages
were calculated with the numerator being the total number of chil-
dren meeting our inclusion criteria who received influenza vacci-
nation, and the denominator being all children meeting inclusion
criteria who came into clinic for a visit during the influenza season.
We also calculated the percentage of those patients who received
influenza vaccination out of the total number of patients of all ages
on the clinic’s active registry (seen for any visit within the last
24 months), whether or not they came in for a visit, to ascertain
population-level influenza vaccination rates.

2.4. Predictor variables and covariates

Our primary predictor variable was influenza season as defined
above. Additional predictor variables and covariates were obtained
from the EHR. Specifically, we included demographic characteris-
tics including patient age (continuous variable defined by mean
and standard deviation), gender (number and percentage), race
(number and percentage of those identifying as Black, white, other,
or unknown/refused), type of insurance (number and percentage of
those with public insurance, private insurance, or self-pay), and
information from our standard PPCC social risk screening question-
naire (number and percentage with a positive screen). The social
risk screening questionnaire assessed the following topics

food insecurity, issues with public benefits (e.g., supplemental
nutrition assistance program, medical insurance, daycare vouch-
ers), housing conditions or insecurity, medication and healthcare
costs, transportation issues, and caregiver depression. A positive
social risk screen was defined as answering ‘‘yes” to at least one
of the questions on the questionnaire (Appendix 1). In addition,
specific diagnoses associated with increased morbidity from influ-
enza (e.g., asthma, prematurity, and developmental delay) were
extracted from the problem list of each patient. We chose this
set of diagnoses as the Advisory Committee on Immunization Prac-
tices highlights each as increasing the risk of influenza-related
complications. [10] We also determined whether a social work
note and/or referral to our medical-legal partnership was placed
within three days of a clinic visit to assess if an intervention was
taken to address social risks identified on the social risk screen
or during the encounter. A deprivation index score, based on a geo-
coded child’s home census tract, was used to assess the degree of
socioeconomic disadvantage in the child’s surroundings. [11].

2.5. Statistical analyses

Descriptive statistics enumerate the distribution of patient
demographic characteristics, social risks, and overall rates of influ-
enza and tetanus vaccinations for each influenza season. General-
ized linear regression models with robust standard errors (SEs)
evaluated differences in demographic characteristics, social risks,
and influenza vaccination rates by influenza season by specifying
an appropriate distribution and link function for each factor. In a
subgroup of patients with clinic visits in both 2018–19 and
2020–21 influenza seasons, influenza vaccine rates were compared
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using the McNemar test. Multivariable logistic regression models
with robust SEs evaluated associations between influenza season,
demographics, social risks, and influenza vaccination.
3. Results

3.1. Demographic characteristics

Most patients were young (mean age of � 6 years), predomi-
nantly non-Hispanic Black (�80%), and publicly insured (�90%)
(Table 1), representative of our overall PPCC population. The mean
patient age of influenza-vaccinated patients increased significantly
across the four influenza seasons (from 5.5 years to 6.2

p < 0.01). Similarly, any positive response to the social risk
screen significantly increased across influenza seasons from 13%
to 27% (p < 0.01). There were no significant differences in race or
insurance distribution among vaccinated patients across influenza
seasons, with almost 90% of patients being on public insurance
each year. Statistically significant differences across influenza sea-
sons were noted in relation to presence of reported social risks
(p < 0.01) and neighborhood social deprivation (p = 0.02), both of
which increased across influenza seasons. In other words, during
the study period, the percentage of patients with an identified
social risk increased, as did the mean socioeconomic deprivation
of patients’ home census tracts. There was no significant difference
in the presence of chronic diagnoses.

3.2. Influenza and tetanus vaccination rates across seasons

Both influenza and tetanus vaccination rates significantly
decreased among patients seen in clinic for an office visit and
among the total population across the included seasons. Among
all patients with any clinic visit, influenza vaccine uptake
decreased from 42% (2019–20) to 30% (2021–22). Among all
patients within the clinic registry, regardless of whether they
attended a visit during the season, influenza vaccination decreased
from 20% (2019–20) to 15% (2021–22) (Table 2). Tetanus vaccina-
tion also significantly differed across each season, with lower
uptake during the COVID-19 pandemic among patients with any
clinic visit (48% to 37%

p < 0.01) and among those who were active on the PPCC registry
regardless of whether or not they had a clinic visit (25% to 19%

p < 0.01).
Table 1
Demographic and clinical characteristics by influenza season since 2018–19.

2018–2019 flu season
(n = 9367)

201
(n =

Age in years, mean (SD) 5.5 (3.6)A 5.7
Male gender, n (%) 4808 (51%) 438
Race, n (%)
Black 7191 (77%)A 662
White 1609 (17%) A 143
Other 225 (2%) A 198
Unknown/refused 342 (4%) A 332
Insurance, n (%)
Medicaid 8160 (87%)A 736
Private Insurance 887 (9%)AB 883
Self-Pay 320 (3%)A 332
Social Risk Indicators
Social Risk Screen positive, n (%) 1264 (13%)A 190
Deprivation index score, mean (SD) 0.49 (0.13) A

[n = 8985]
0.50
[n =

Social Work/Legal Aid Referral, n (%) 342 (4%)A 327
Diagnosis of Asthma, Prematurity, or Developmental

Delay, n (%)
3266 (35%) 294

A,B,C,D – estimates that share a common superscript in a given row do not differ at p <
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Of the 3805 pediatric patients who were seen in both the 2018–
19 and the 2021–22 influenza seasons, 43% received their influenza
vaccine in the 2018–19 influenza season (pre-pandemic) compared
to 31% of those same patients receiving the vaccine during the
2021–22 influenza season (intra-pandemic) (p < 0.01).

We found that older patient age (OR 0.98[0.97–0.99]), Black
race (OR 0.59[0.55–0.62]), and self-pay insurance status (OR 0.77
[0.66–0.90]) were associated with lower odds of influenza vaccina-
tion at any point in time. We also found that the 2019–20 influenza
season was associated with increased odds of influenza vaccination
(OR 1.14[1.07–1.21]), while the influenza seasons during the
COVID-19 pandemic were associated with lower odds of vaccina-
tion (2020–21 (OR 0.88[0.82–0.93]), 2021–22 (OR 0.70[0.65–
0.74])). Of note, a positive social risk screen (OR 0.97[0.92–1.03])
and public insurance status (OR 0.96[0.89–1.04]) were not associ-
ated with influenza vaccination (Table 3).
4. Discussion

In our PPCC, which serves a predominantly non-Hispanic Black,
publicly insured population, influenza vaccination rates have
declined since the onset of the pandemic. The continued decline
in influenza vaccination rates into the 2021–22 influenza season
is perhaps best exemplified within a cohort who presented to clinic
both in the 2018–19 and 2021–22 seasons. We found a 12% abso-
lute decline in influenza vaccination within this group. This high-
lights a significant decrease in pediatric influenza vaccine uptake
during the COVID-19 pandemic, even amongst patients who had
previously received the vaccine.

Our findings are similar to the trends reported by the Centers
for Disease Control and Prevention (CDC), with a decrease in influ-
enza vaccination uptake from the 2019–20 to the 2020–21 influ-
enza seasons. [5] In addition, in one academic PPCC in
Pennsylvania, influenza vaccination rates prior to November in
each influenza season decreased from 2018 to 2020. [12] However,
they did not assess for how the rates of influenza vaccination com-
pared within the full 2020–21 and 2021–22 seasons. The CDC
reported that the numbers of influenza vaccine doses in children
6–24 months of age and 2–4 years of age in 2020 also decreased
by over 10% compared to the average rate across the 2018 and
2019 influenza seasons. [13] These decreases in national pediatric
influenza vaccination are in contrast to the increased vaccine
uptake amongst adults ages 18–64 years during the COVID-19 pan-
9–2020 flu season
8582)

2020–2021 flu season
(n = 8062)

2021–2022 flu season
(n = 8197)

P-
value

(3.6)B 6.0 (3.6)C 6.2 (3.6)D <0.01
5 (51%) 4166 (52%) 4190 (51%) 0.87

0.03
0 (77%)A 6343 (79%)B 6397 (78%)AB

2 (17%) AB 1264 (16%) B 1326 (16%) AB

(2%) A 161 (2%) AB 153 (2%) B

(4%) A 294 (4%) A 321 (4%) A

<0.01
7 (86%)B 7149 (89%)C 7302 (89%)C

(10%)B 736 (9%)AC 692 (8%)C

(4%)A 177 (2%)B 203 (2%)B

6 (22%)B 1989 (25%)C 2108 (26%)C <0.01
(0.13) AB

8230]
0.50 (0.13) B

[n = 7725]
0.50 (0.13) B

[n = 7845]
0.02

(4%)A 303 (4%)A 397 (5%)B <0.01
9 (34%) 2726 (34%) 2725 (33%) 0.13

0.05.



Table 2
Percentages of patients receiving influenza and tetanus vaccination by influenza season.

2018–2019 flu season %
(95% CI)

2019–2020 flu season %
(95% CI)

2020–2021 flu season %
(95% CI)

2021–2022 flu season %
(95% CI)

P-value

Flu Received
Patients with any visit
Percentage 38.8%

(37.8% to 39.8%)A
41.6%
(40.5% to 42.6%)B

35.2%
(34.2% to 36.3%)C

30.2%
(29.2% to 31.2%)D

<0.01

Proportion 3635/9367 3566/8582 2839/8062 2473/8197
All active patients
Percentage 20.0%

(19.4% to 20.6%)A
19.7%
(19.2% to 20.3%)A

16.6%
(16.1% to 17.2%)B

15.2%
(14.6% to 15.7%)C

<0.01

Proportion 3635/18160 3566/18064 2839/17070 2473/16147
DTap/Tdap Received
Patients with any visit
Percentage 47.6%

(46.6% to 48.6%)A
38.0%
(37.0% to 39.0%)B

38.7%
(37.6% to 39.7%)B

37.3%
(36.3% to 38.4%)B

<0.01

Proportion 4455/9367 3259/8582 3118/8062 3061/8197
All active patients
Percentage 24.5%

(23.9% to 25.2%)A
18.0%
(17.5% to 18.6%)B

18.3%
(17.7% to 18.9%)B

18.8%(18.2% to 19.4%)
B

<0.01

Proportion 4455/18160 3259/18064 3118/17070 3061/16147

A,B,C,D – estimates that share a common superscript in a given row do not differ at p < 0.05.

Table 3
Multivariable logistic regression model for influenza vaccine received.

OR (95% CI)

Age, per year 0.98 (0.97 to 0.99)
Male gender 0.97 (0.93 to 1.01)
Study influenza season year
2018–2019 Reference
2019–2020 1.14 (1.07 to 1.21)
2020–2021 0.88 (0.82 to 0.93)
2021–2022 0.70 (0.65 to 0.74)
Race
Black 0.59 (0.55 to 0.62)
Other 1.71 (1.45 to 2.02)
Unknown/refused 1.11 (0.98 to 1.26)
White Reference
Insurance
Medicaid 0.96 (0.89 to 1.04)
Self-pay 0.77 (0.66 to 0.90)
Private Insurance Reference
Social Risk Indicators
Social Risk Screen positive 0.97 (0.92 to 1.03)
Deprivation index score, per point 0.82 (0.68 to 0.98)
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demic. However, in their assessment, Roman et al. looked at vacci-
nations only during the months of September-December of each
season, leaving the later winter and early spring months out of
their analysis. [13] We used data from September through May
of each influenza season, the entire influenza vaccine period, pro-
viding a more holistic recognition of vaccine uptake throughout
the entirety of each influenza season. Additionally, our population
is also unique in that our clinic patients traditionally have been
more vaccine hesitant with significant social and financial hard-
ships faced.

Certain demographic and social factors were associated with
decreasing rates of influenza vaccination in our PPCC. We found
that older patient age, Black race, and self-pay insurance status
were associated with decreased rates of receiving the influenza
vaccine. Similarly, a recent study highlighted that only 36% of
non-Hispanic Black adults accepted influenza vaccination for
themselves, compared to 47% of white adults, and those without
insurance had a lower odds of receiving the influenza vaccine.
[14] We also found that influenza seasons during the COVID-19
pandemic were associated with a lower odds of receiving the influ-
enza vaccine, compared to the season prior to the pandemic. This
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was even seen among the cohort of patients who had received
the influenza vaccine in the year prior to the pandemic. One possi-
ble factor contributing to decreased vaccination during the COVID-
19 pandemic includes the influence of social determinants of
health, and we saw that positive social risk screens increased dur-
ing the COVID-19 pandemic. Survey data from more than 1000
families conducted in April 2020 revealed that 76% reported con-
cerns of financial stability, 43% about employment, 31% about
housing stability, and 36% about healthcare access. [15] In our
patient population with pre-pandemic socioeconomic disadvan-
tage, [16] we postulate that the increased social and economic bur-
dens families faced during the pandemic could have influenced
access to and priority for receiving influenza vaccinations.
Although we did not identify an association between reported
social risks and influenza vaccination, this could be due to the rel-
atively high rates of risks present within our population. That is,
such a link could be further investigated in a population that more
fully reflects the diversity of our society.

The COVID-19 pandemic has been associated with dispropor-
tionately higher rates of morbidity and mortality in the Black com-
munity. [17] We also found that patients identifying as Black were
less likely to receive influenza vaccine. Diminished trust in health-
care, emergent from generations of structural racism, could cer-
tainly play an important role. Looking at the decreasing rate of
vaccination of those in the active registry in our clinic, it could
be that members of this community were attempting to protect
themselves from exposure to the virus by decreasing exposures
to others and reducing their clinic appointments. Financial insta-
bility could also make it difficult for families to afford transporta-
tion to and from clinic to receive vaccinations. Our findings
highlight the significant social complexity of addressing decreasing
influenza vaccinations, which has been intensified by the COVID-
19 pandemic.

We also suspect that the COVID-19 pandemic has affected
beliefs and attitudes toward the importance of influenza vaccina-
tion, though our study did not directly assess opinions or percep-
tions regarding vaccine acceptance in our cohort. Public health
measures emphasizing a new SARS-CoV-2 vaccine have been asso-
ciated with increased discomfort and uncertainty in receiving the
vaccines for themselves, let alone their own children. We presume
that this uncertainty has extended to decisions around influenza
vaccination and would be a next step for further exploration in
our cohort. A recent study highlighted mistrust of the COVID-19
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vaccine and lower perceived seriousness of COVID-19 infection as
the primary determinants of COVID-19 vaccine hesitancy in an
adult cohort involving four of the most populated cities in the Uni-
ted States. [18] Another study highlighted that routine childhood
vaccine hesitancy has increased during the COVID-19 pandemic
due to an increased perception of risk associated with routine
immunizations. [19] These results align with our finding of
decreased tetanus vaccinations over time, in addition to decreased
influenza vaccinations. Therefore, underlying beliefs about the
COVID-19 vaccine itself may have negative consequences that
extend to other childhood vaccines.

Another possible explanation for decreased influenza vaccine
uptake may be related to vaccine fatigue during the COVID-19 pan-
demic. Vaccine fatigue, defined as a person’s inaction toward vac-
cine information or instruction from perceived burden or burnout,
[20] can be due to multiple factors, including vaccine side effects,
misconceptions about the severity of an infection and need for vac-
cination, and lack of trust in policymakers. This phenomenon
affects the general public, caregivers, and healthcare workers. In
fact, a recent study highlighted that healthcare workers had a sta-
tistically significant decrease in influenza vaccination uptake dur-
ing the COVID-19 pandemic, which may also be due to
uncertainty surrounding co-administration of both COVID-19 and
influenza vaccinations. [21] Though the CDC highlights the safety
of co-administration of COVID-19 vaccines with other routine vac-
cines in children, including influenza vaccine, on the same day or
even within 14 days of each vaccine, [22] vaccine fatigue may have
led to decreased uptake.

To assess general vaccination trends of routine immunizations,
we also looked at tetanus vaccination rates over time. We chose
tetanus vaccinations for comparison as they have historically been
a less controversial routine childhood vaccine. We found that teta-
nus vaccination uptake also decreased over the time of the COVID-
19 pandemic. A recent systematic review stated that the majority
of studies conducted prior to May 2021 showed decreased routine
immunization rates during the COVID-19 pandemic, including
tetanus vaccinations. [23] This could be due to COVID-related clinic
shutdowns that occurred in an effort to minimize exposures to the
virus, causing a delay in routine childhood vaccines. However, even
within the most recent influenza season of 2021–22 when clinic
visit rates had returned to pre-pandemic baselines, rates of tetanus
vaccination remained lower. Based on this information, it leads us
to question how the COVID-19 pandemic and its associated new
vaccine development and approval could potentially be contribut-
ing to overall declines in immunizations.

Our study has several limitations. First, this study occurred at
one PPCC site, which could limit generalizability to other clinics.
However, as many academic pediatric primary care sites serve pre-
dominantly publicly-insured, socioeconomically disadvantaged
populations, we feel that this study can advance the knowledge
of caring for children at similar sites. Second, we reviewed the total
number of any type of tetanus vaccination across each influenza
season, and we did not assess for individual variation of age-
eligible patients across seasons. However, our clinic has the same
relative proportions of ages across time, which led us to believe
that using the total numbers of tetanus vaccination within each
influenza season would be a reasonable comparison.

This study highlights the need for initiatives that improve influ-
enza vaccination uptake in pediatric primary care, particularly in
disadvantaged settings, during the COVID-19 pandemic and
beyond. Clinicians and educators need to embrace a variety of
interventions to increase vaccination uptake. Since parents who
received an educational handout about influenza disease using
both local and national data had greater odds of pediatric influenza
vaccine uptake compared to those randomized to standard care,
traditional methods of information-sharing should remain, but
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are likely not sufficient alone. [24] We need to utilize novel meth-
ods of training to enhance clinician experience and competency in
communication skills. In 2015, a virtual reality curriculum teach-
ing pediatric residents communication skills to combat influenza
vaccine hesitancy demonstrated improved vaccination rates, with
refusal rates going from 37% to 28%. [25] We also need to consider
sources that families trust and ensure that evidence-based infor-
mation exists at these locations, including community centers
and churches. [26] The change in influenza vaccination rates dur-
ing the COVID-19 pandemic provides an opportunity to continue
effective practices of the past, augment training to utilize more
novel approaches, and work with community members and orga-
nizations to ensure patients and families receive high-quality rec-
ommendations from trusted sources.

5. Conclusion

Influenza vaccination uptake has declined in our PPCC over the
COVID-19 pandemic and has not rebounded. Further investigation
to understand the role social risks and disparities have on influenza
vaccination uptake are warranted. Initiatives focused on vaccine
education and access with patients and families, both within our
clinical encounters and at the larger community and national
levels, are needed to promote influenza vaccination uptake, espe-
cially in vulnerable populations that are at risk for significant mor-
bidity and mortality.
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